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Contracting with Feedback

Abstract

We study the effect of financial market conditions on managerial compensation.

First, we analyze the optimal pay-for-performance in a model where corporate decisions

are endogenous to trading due to feedback from information contained in stock prices.

In a less frictional market, the improved information content of stock prices helps

guide managerial decisions, and thus substitutes out part of incentive provision in

compensation. The optimal pay-for-performance is therefore lowered in response to

reductions in market frictions. Second, we test our theory using two quasi-natural

experiments and find confirming evidence. Our results highlight the role of the market

environment in shaping compensation.

Keywords: Feedback effect, CEO compensation, Transaction costs, Reg-SHO Pilot

program, Decimalization

JEL Classifications: G30, J33.



1 Introduction

In the standard contracting theory, incentive provisions in compensation contracts are

the sole determinant of managerial decisions. With agency frictions, a strong pay-for-

performance is thus typically required to induce desired managerial actions. A growing

literature on the feedback effect demonstrates an additional mechanism that affects cor-

porate decisions: managers can learn new information from market prices and use this

information to guide their real decisions such as investment and acquisition.1 As the feed-

back effect directly influences managerial behavior, compensation should optimally adjust,

taking into account the information content of stock prices. The objective of this paper is

to study how the feedback effect would influence the design of managerial compensation.

In this paper, we first analyze the optimal pay-for-performance in a model in which both

corporate decisions and firm value are endogenous to trading due to feedback from informa-

tion revealed in stock prices. Specifically, we embed a market microstructure model into a

contracting framework to derive the contracting implications of the feedback effect. We then

test our theory using two quasi-natural experiments and find coherent evidence that trading

frictions in financial markets play an important role in shaping executive compensation.

A key insight of our model is that information acquisition in the financial market sub-

stitutes out part of incentive provision in compensation contracts. By aggregating the

information of many market participants, the financial market can guide managers in their

real decisions, such as investments, by conveying information that is not otherwise available

to managers. Anticipating that managers are guided by the market, there is less necessity

for shareholders to provide direct incentives in compensation.

In addition to the aforementioned substitution between pay and feedback, an endoge-

nous response of financial market speculators to executive pay generates an amplification

mechanism that further lowers pay-for-performance. That is, a weak-powered compensation

leads to increased uncertainty in firm value, which raises speculators’ expected return from

learning and hence incentivizes information acquisition in the financial market. To take ad-

vantage of this incentivizing effect, shareholders optimally reduce incentive pay in executive

compensation.

Our model produces three new testable implications. First, reductions in trading fric-

1See Bond, Edmans, and Goldstein (2012) for a review.
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tions in the financial market encourage informed trading and enable prices to better guide

managers in their real decisions, rendering incentive compensation less necessary and thus

lowering CEO pay-for-performance. Second, when agency frictions are more severe, the in-

formation produced in the financial market is more useful in correcting managerial bias, and

the effect of changing market conditions on pay is therefore stronger. Last, reductions in

trading frictions weaken the positive association between incentive pay and firms’ investment

opportunities. The reason is that when the information content of stock prices improves,

the financial market can guide managers on which investments are profitable by revealing

additional information, and a strong-powered pay is no longer necessary to induce optimal

investment when opportunities expand.

Our model implications are new to the literature, and we test them empirically. The

endogenous nature of information acquisition in the stock market poses empirical challenges

to identifying the causal effects of feedback on the design of managerial incentives. To

address this issue, we use two quasi-natural experiments that reduce market trading frictions

to test our theory — Regulation SHO (Reg SHO) and decimalization. Reg SHO removed

short-sale restrictions for a randomly selected subset of firms during the program, while

decimalization reduced minimum tick size and generated a shift from the fractional pricing

system to the decimal pricing system in U.S. stock exchanges. Both regulatory changes have

been shown to be effective in reducing transaction costs in the financial market.2

We find confirming evidence that the experiments that change financial market conditions

have a considerable effect on the design of managerial incentives. In particular, we find that

managerial incentives in compensation, measured by scaled wealth-performance sensitivity

(WPS), are significantly reduced in response to both Reg SHO and decimalization, after

controlling for stock return volatility and institutional ownership ratio among various other

firm characteristics. Moreover, the reductions in incentive pay in response to both regulatory

changes are significantly greater for firms with stronger empire-building tendency, measured

by the degree of financial flexibility firms face. Last, both regulatory changes lower the

positive association between incentive pay and firms’ investment opportunities, proxied by

Tobin’s Q. Taken together, this collective set of empirical results are most consistent with

our theory and are difficult to be coherently explained by alternative theories on equity

2Furfine (2003) finds that bid-ask spreads decline over 35% for actively traded stock. Bessembinder (2003)
also finds that quoted bid-ask spreads decline substantially, particularly for heavily traded stocks. There
has also been empirical evidence on strengthened stock liquidity and feedback effects after decimalization
(for example, Fang, Noe, and Tice (2009)).
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compensation. For example, the standard incentive-insurance tradeoff (Holmstrom and

Milgrom (1987)) can suggest reductions in incentives in response to increased downside risk

during Reg SHO program but has limited relevance for decimalization, and it is silent on the

cross-sectional variation in compensation responses depending on empire-building tendencies

and investment opportunities.

Our paper hinges on the growing literature on the feedback effect from financial markets

to real economic decisions. Previous studies have shown that the feedback effect influences

many important corporate policies, including investment (Baker, Stein, and Wurgler (2003);

Chen, Goldstein, and Jiang (2007); Bakke and Whited (2010); Foucault and Fresard (2014)),

acquisition (Luo (2005); Edmans, Goldstein, and Jiang (2012)), insider trading (Fishman

and Hagerty (1992); Khanna, Slezak, and Bradley (1994)), decisions to seek public financing

(Subrahmanyam and Titman (1999)), cross-listing (Foucault and Gehrig (2008), Foucault

and Fresard (2012)), capital structure (Fulghieri and Lukin (2001); Chang and Yu (2010)),

disclosure policy (Gao and Liang (2013)), and corporate governance (Gorton, Huang, and

Kang (2013)). Given the role of the feedback effect in affecting corporate decisions, we

argue that managerial pay contracts should — and can — adjust for the feedback effect,

and we find supporting evidence that financial market conditions indeed influence the design

of managerial incentives.

The literature broadly identifies two channels through which financial markets may affect

real decisions. First, managers learn new information from stock prices and use this infor-

mation to guide their real decisions, i.e., the feedback effect. Second, although managers do

not learn new information from market prices, their incentives to take actions depend on

the extent to which these actions will be reflected in stock prices. The existing papers that

study managerial incentives, in conjunction with stock markets, analyze the second chan-

nel and focus on the information in stock prices regarding managerial effort and its role in

structuring incentives, as in Diamond and Verrecchia (1982), Holmstrom and Tirole (1993),

Kang and Liu (2010), and Jayaraman and Milbourn (2012) for example.3 The literature on

managerial pay largely ignores the first channel that features the transmission of informa-

tion, which is at the heart of our analysis. Thus, our analysis provides a complementary

view on the role of financial market conditions in structuring CEO pay, and presents evi-

3This line of research suggests a complementary relationship between market informativeness and incen-
tive pay, which is different from the substitution relationship derived in our model and documented in our
empirical analysis.
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dence suggesting that the substitution between information provision by the stock market

and incentive compensation can be a dominating consideration.4

In addition, recent studies illustrate that an external governance mechanism exists when

blockholders, by increasing price efficiency through trading or exit, help exert governance

and improve firm value (e.g., Admati and Pfleiderer (2009), Edmans (2009), and Edmans

and Manso (2011)). But how does such an external governance mechanism translate into

changes in managerial compensation? The answer remains ambiguous. It can be argued that

equity incentives are more necessary in order to make blockholders’ threat of exit relevant for

managers, likely suggesting an opposite relationship to what we derive. In addition, Admati

and Pfleiderer (2009) show that although the blockholder alleviates the agency problem of

the manager taking a bad action (e.g., shirking), the blockholder can also make it more

difficult to motivate the manager to take a good action (e.g., exerting effort). Empirically,

recent studies show that such an external governance mechanism would actually work better

in firms with higher incentive pay (Bharath, Jayaraman and Nagar (2013); Chang, Lin and

Ma (2014); Edmans, Fang, and Zur (2013)). Our analysis is instead centered around the

feedback effect, which emphasizes managerial learning from stock prices, and derives clear

implications for managerial compensation.

The rest of the paper is organized as follows. Section 2 describes the model. In Section 3,

we take compensation as given, and we analyze managerial incentives to make investments

and financial-market speculators’ incentives to acquire information and trade. We also

illustrate the formulation of stock prices in the presence of feedback. In Section 4, we

examine the design of managerial incentives in compensation and derive testable predictions.

Section 5 tests our model predictions in an experiment setup. Section 6 concludes. Proofs

are provided in the appendix.

4Our theory highlights that incentive contracting and information acquisition in the financial markets are
strategic substitutes, as the marginal benefit of granting incentives in contracts decreases when information
revealed in stock markets can guide managerial decisions. In addition, an amplification mechanism exists
when ex-ante overinvestment propensity increases market speculators’ incentives to gather information,
which is reminiscent of the traders’ incentives studied in Dow, Goldstein, and Guembel (2011). In their
model, speculators have stronger incentives to produce information about firms’ investment opportunities
when these investments are more likely ex-ante. This generates an informational amplification effect of
shocks to firm value, rendering a market breakdown possible in response to a small decline in a firm’s
fundamentals. Our paper complements theirs by showing that this claim also amplifies the response in
compensation when the financial market environment changes.
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Figure 1: Model Timeline
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2 The Model

2.1 Environment

To study the role of feedback in affecting the design of managerial incentives, we embed a

market microstructure model into a contracting framework. Consider a one-period economy

with a firm whose stock is traded in the financial market. Shareholders design a compensa-

tion contract to maximize the expected firm value net of pay. The firm’s manager has an

empire-building motive and makes an investment decision to maximize his own utility. The

economic state determines the final payoffs from investments. The one-step departure from

a standard contracting environment is that our model includes three types of agents in a

market for the firm’s stock: a financial-market speculator, a liquidity trader, and a market

maker. The speculator decides how much information to acquire and trades in the stock

market to maximize his trading profits. A liquidity trader trades the firm’s stock merely for

liquidity reasons. The market maker sets the market price to break even in expectation. All

agents are risk neutral, and the risk-free rate and reservation utility are normalized to zero.

The timeline of Figure 1 chronicles the sequence of events in the model. At the beginning

of the period, shareholders offer a compensation contract to the manager, which is observed

by all agents in the economy. The underlying economic state, denoted by S, can be either

good or bad, S ∈ {g, b}, and the manager privately knows the probability that the state

is good, denoted by p. The probability of a good state (p) is a random variable, and all

the other agents only know the distribution of p. After observing the contract, a speculator

decides how much information to produce, and he trades in the stock market if he becomes

informed about the state. A liquidity trader simultaneously submits his market order, which

is unrelated to the state realization. The market maker observes the total order flow; the
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market maker cannot distinguish market orders from the speculator and those from the

liquidity trader, and he will set the price such that, given the total order submitted, his

profit at the end of the period is expected to be zero. After observing the stock price,

the manager subsequently chooses one of two mutually exclusive investment opportunities,

I ∈ {IH , IL}, where IH > IL. At the end of the period, the payoffs to all parties are realized

based on the state realization.

The key ingredient in our contracting model is the feedback from stock prices to corporate

investment. The speculator may have insights into the state realization that were missed by

the manager. The manager observes the share price and subsequently uses this information

to update his belief about the profitability of investment opportunities. Note that the

feedback effect is taken into account by the representative shareholder when designing the

contract, by the speculator when acquiring information, and by the market maker when

setting the price. We now describe the firm’s investment problem and the trading process

in more detail.

Representative shareholder There is a representative risk-neutral shareholder that

designs compensation to maximize the shareholder payoff, which is realized firm value net

of managerial pay. When designing compensation, the shareholder understands how the

manager makes decisions based on incentives in compensation and how the financial market

responds to incentives in managerial pay. To derive transparent and testable implications, we

maximize tractability by building a deliberately parsimonious model in which the investment

choice is binary and the contract is restricted to include base salary and shares.

The shareholder has access to two mutually exclusive investment opportunities, I ∈

{IH , IL}, IH > IL, where IH and IL represent high and low investment, respectively. Low

investment can be thought of as no investment, and risky expansion can be implemented by

making high investment. We interpret (IH − IL) as the firm’s investment opportunities.5

The shareholder faces uncertainty over the payoff realization under each possible in-

vestment. In particular, there are two possible states: S ∈ {g, b} (“good” and “bad”).

Investment of Ii costs Ii, and the investment payoff at the end of the period is Ii(1 + η) if

the state is good and Ii(1− η) if the state is bad, where 0 < η < 1, for i ∈ {H,L}. That is,

with a baseline firm value of V0, the firm has a terminal value of V0 + ηIi in the good state

and V0 − ηIi in the bad state, for i ∈ {H,L}. We abstract away from bankruptcy risk by

5Low investment can be also interpreted as divesting.
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assuming that firm value is always positive.

The shareholder hires a manager to make the investment decision, because the manager

privately knows the probability of a good state (p). The probability p is a random variable,

and all the other agents only know that p is uniformly distributed on the interval [0, 1]. The

contract consists of a base salary and β shares of stock. As will be detailed later, we also

assume non-negativity of compensation; therefore, the base salary is zero at the optimum.

Thus, we focus on the pay-for-performance β when characterizing the efficient contracting

outcome. The compensation contract implements a target investment policy, denoted by

q. We will show in Section 3.1 that there is a one-to-one correspondence between pay-for-

performance β and target investment policy q. As the compensation contract is observed

by all agents in the model, the target investment policy q is also known to all agents in the

model.

Traders and market maker Trading occurs in the stock market after the contract

is offered and observed by everyone. There is a financial market speculator who acquires

information at a quadratic cost. In particular, the speculator can choose to observe the

state with probability θ at a cost C(θ) = 1
2
Aθ2. That is, with probability θ, the speculator

perfectly observes the state of nature; with probability (1 − θ), the speculator’s costly

effort results in no learning. The speculator will optimally decide how much information to

produce, i.e. the value of θ, to maximize his trading profits.

The speculator submits market orders, zs ∈ {−1, 0, 1}, to maximize his trading profits.

If the speculator observes the state is good, he will submit a buy order of size 1. If the

speculator observes a bad state, he will submit a sell order of size 1. The speculator does

not trade if he does not learn the state. The liquidity trader simultaneously submits either

a buy or sell order of size 1 with equal probabilities: zℓ ∈ {−1, 1}.6

The market maker can only observe total order flow X = zs + zℓ but not its individual

components zs and zℓ. Possible order flows are X ∈ {−2,−1, 0, 1, 2}. In a perfectly com-

petitive market making profession, the market maker sets the price equal to the expected

firm value, based on available information, including information contained in the total or-

der flow and the incentives in the compensation contract: P (X, q) = E[V |X, q], where V

denotes the end-of-period firm value. In particular, the aggregate order flow may contain

6Allowing the liquidity trader to have an option of no trading does not change our results. As in the
standard market microstructure literature, we only require the liquidity trader to be probabilistically present.
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information on the state realization when a speculator is present.

As is standard in the feedback literature (e.g., Dow, Goldstein, and Guembel (2011),

Goldstein, Ozdenoren, and Yuan (2011), and Edmans, Goldstein, and Jiang (2015)), trades

are anonymous, and the speculator cannot credibly communicate his private information to

the manager outside the trading process. It is clear that the speculator has neither incentive

nor credibility to do so in our model since he has no initial stake in the firm; instead, he

wishes to use his information to maximize the trading profits.

Manager The manager is hired to make investment decisions and is privately informed

about the probability of a good state (p). The risk-neutral manager makes an investment

decision to maximize his own expected utility. The manager’s utility is of the form Um(q, I) =

βV + δI, where V denotes the end-of-period firm value and I ∈ {IH , IL} is the investment.

The first term represents incentives in the compensation. The second term represents the

manager’s empire-building motive, that is, the manager derives private benefits from making

investments, which are proportional to the size of invested capital.7 Private benefits are not

in terms of the consumption good and cannot be seized. The manager’s reservation utility

is normalized to zero, and the manager also has limited liability, that is, his compensation

cannot be negative.

In addition to the manager’s private information regarding the state distribution (p), the

manager may extract information about the state from the financial market. If the stock

price reveals the speculator’s information regarding the state realization, the manager will

rationally update his belief and choose the corresponding optimal investment. Otherwise,

the manager follows the target investment policy q implied by the compensation contract

given his private information p.

7It has been suggested by many papers that managers engage in value-destroying empire building, e.g.,
Baumol (1959), Marris (1964), Williamson (1964), Jensen (1986, 1993), Stulz (1990), Zwiebel (1996), Titman
et al. (2004), Masulis et al. (2007), and Billett et al. (2011). This assumption of empire-building managers
is popularly used in theoretical literature: Grossman and Hart (1988), Harris and Raviv (1990), Chang
(1993), Bizjak et al. (1993), Hart and Moore (1995), Shleifer and Vishny (1997), Garvey (1997), Baldenius
(2003), Aggarwal and Samwick (2006), Eisfeldt and Rampini (2008), Allen et al. (2012), and Baldenius et
al. (2014).

8



2.2 Equilibrium

The Perfect Bayesian Nash Equilibrium we study is defined as follows: (i) an information pro-

duction strategy and a trading strategy by the speculator, T : {β, q} → θ; zs → {−1, 0, 1},

that maximize his expected trading profits given the compensation contract, the price-

setting rule, the manager’s investment strategy, and the speculator’s information about the

realization of the state; (ii) an investment strategy by the manager, M : {β, p, P} → I,

that maximizes his expected utility given the compensation contract, his private knowledge

about the future state, and the information revealed in the order flow; (iii) a price-setting

strategy by the market maker, R : {X, q} → P , that allows him to break even in expectation

given the information in the total market orders, the manager’s investment strategy, and the

compensation contract; and (iv) a compensation contract that includes a payment structure

and a target investment strategy by the representative shareholder, ξ : {M,T,R} → {β, q},

that maximizes expected firm value net of compensation given the manager’s strategy, the

speculator’s strategy, and the price-setting rule. Moreover, (v) the manager and the market

maker use Bayes’ rule to update their beliefs from the order they observe in the financial

market. Finally, (vi) all agents have rational expectations, and each player’s belief about

the other players’ strategies is correct in equilibrium.

3 Investment policy and feedback effect

In this section, we first take compensation as given and derive the investment policy im-

plied by the compensation contract. That is, we analyze how the manager responds to the

incentives in compensation, absent of feedback. Second, for a given compensation contract,

we study the speculator’s decision to acquire information and trade in the market. After

solving the manager’s investment problem and the speculator’s choice of information acqui-

sition, we will endogenize the design of compensation contracts in the next section, taking

into account the effects of compensation on both managerial investment and information

acquisition in the stock market.
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3.1 Investment policy implied by compensation

To solve the model, we start by analyzing the investment policy implied by a given compen-

sation contract, absent of the feedback effect. Because the investment payoffs are symmetric

about zero, that is, the net profits in the good state are identical in size to the net loss

in the bad state, the first best investment policy is to take high investment if p ≥ 1/2.8

With the managerial empire-building motive, it is straightforward to show that investment

policy implemented by contract also has a threshold property — the manager takes high

investment (IH) if and only if p is at least as large as a threshold, denoted by q.9 For a given

investment policy with a threshold q, the expected firm value, denoted by V(q), is derived

as follows:

V(q) = V0 +

∫ q

0

IL[ηp+ (−η)(1− p)]dp+

∫ 1

q

IH [ηp+ (−η)(1− p)]dp

= V0 + (IH − IL)η(q − q2).

It is clear that the first best investment policy is q = 1/2. With empire-building motive, the

manager has a tendency to choose high investment (IH) for private benefits. For q ≤ 1/2,

although increasing q (closer to the first best) enhances the firm value, it also increases

compensation necessary to induce q. This consideration leads to a q that is lower than the

first best level in the presence of agency frictions. We focus on q < 1/2 throughout the

paper, as q ≥ 1/2 is off the equilibrium path.10

Specifically, to implement a target investment policy with a threshold q — high invest-

ment is taken if and only if p ≥ q — incentive compatibility requires that the manager

prefers high investment for all p ≥ q, which implies that the manager is indifferent between

high and low investment when p = q:

β

[

qIHη − (1− q)IHη

]

+ βV0 + δIH = β

[

qILη − (1− q)ILη

]

+ βV0 + δIL.

8The expected value of future state is ηp− η(1 − p) = η(2p− 1) ≥ 0 when p ≥ 1/2.
9The investment policy has a threshold property in our model, because the manager’s utility differential

between making high and low investment is strictly increasing in p.
10We focus on q < 1/2 for two reasons. First, as we will show later, the incentive-compatible incentives

are represented by β = δ/[(1− 2q)η] for any q, and q ≥ 1/2 is not implementable. Second, even if q ≥ 1/2
is implementable, shareholders have no incentives to do so, because increasing q above 1/2 reduces both
expected payoffs from investment and the amount of informed trading. Therefore, we only need to consider
the case where q < 1/2.
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Recall that compensation is fully characterized by the degree of pay-for-performance (β) in

our model, due to the assumption of linearity and non-negativity. The incentive-compatible

pay-for-performance is thus given by β =
δ

(1− 2q)η
.

Lemma 1. (Pay-for-performance) For any given recommended investment policy q(≤ 1/2),

the incentive-compatible pay-for-performance is represented by β =
δ

(1− 2q)η
.

(i) β is increasing in the target investment policy (q):
∂β

∂q
> 0.

(ii) β is increasing in managerial empire-building tendency (δ):
∂β

∂δ
> 0.

As the target investment policy is to take high investment only if p ≥ q, a high q implies

a low likelihood that the manager takes high investment. To implement a higher q that is

closer to the first best strategy, a stronger-powered compensation is therefore required to

mitigate empire-building motives. By the same token, when the manager derives greater

private gains from high investment (i.e., a larger δ), it is necessary to offer more monetary

incentives in compensation to curb overinvestment by the manager.

3.2 Information acquisition and trading

In this subsection, we analyze the speculator’s information acquisition and price formulation

in the financial market. The speculator acquires information (θ) at a quadratic cost C(θ) =

1
2
Aθ2. The more cost the speculator incurs, the more likely he learns the state perfectly.

With probability θ, the speculator perfectly observes the state. He will buy if the state is

good and sell if the state is bad.11 With probability (1 − θ), the speculator fails to learn

anything and consequently does not trade.12 We interpret A as a policy parameter that

represents a broad notion of transaction costs. A larger A in our model captures a more

11Bond, Edmans, and Goldstein (2012) and Edmand, Goldstein, and Jiang (2015) argue that speculators
may under-acquire, under-use, or misuse their information. This argument admittedly weaken our results
quantitatively but would not overturn our mechanism. In addition, we show in online appendix that a
trading strategy identical to that in our current setting can arise in a more general version of our model.

12The speculator probabilistically observes the state perfectly is a simplifying assumption made for
tractability. This information structure simplifies the manager’s learning. In an alternative model that
features a noisy signal of speculators as in Kyle (1985), the manager will assign weights on his own signal
and the speculator’s signal (revealed in the stock price), depending on the relative precision of the signals.
The mechanisms in the current paper will carry through. Our current information structure is standard in
the feedback literature, such as in Goldstein, Ozdenoren, and Yuan (2011), which maximizes tractability
without sacrificing the essence of learning dynamics.
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frictional financial market.

State learned Total market Probability Stock price Manager’s Speculator’s
by speculator order of event investment profits
Good 2 buys pθ/2 IHη + V0 IH 0
Good 1 buy 1 sell pθ/2 V(q) IH iff p ≥ q IHη + V0 − V(q) if p ≥ q,

ILη + V0 − V(q) if p < q
Bad 2 sells (1− p)θ/2 −ILη + V0 IL 0
Bad 1 buy 1 sell (1− p)θ/2 V(q) IH iff p ≥ q V(q) + IHη − V0 if p ≥ q,

V(q) + ILη − V0 if p < q
None 1 buy or 1 sell 1− θ V(q) IH iff p ≥ q 0

Table 1: Trading and feedback

Following Kyle (1985), orders are submitted simultaneously to a market maker who sets

the price and absorbs the order flows out of his inventory. A critical departure from Kyle

(1985) is that firm value is endogenous in our model, because it depends on the manager’s

investment, which is in turn based on information revealed in the stock prices. There are

five possible order flows on the equilibrium path as shown in Table 1: 1) two buy orders; 2)

two sell orders; 3) one buy order and one sell order; 4) one buy order; and 5) one sell order.

We can see that information contained in total order flows is identical to that in prices; thus,

observing total order flows is equivalent to observing stock prices. Since we are interested

in the feedback effect, we focus on the equilibrium where the manager responds optimally

to the information in the order flow.13

If there are two buy orders in the market, everyone in the economy understands that the

speculator has observed a good state. The manager will update his belief and optimally take

high investment. The market maker understands the feedback effect and sets the share price

equal to V0 + ηIH . If there are two sell orders in the market, the manager understands that

the speculator has observed a bad state, and therefore optimally takes low investment. The

market maker rationally sets the share price equal to V0 − ηIL. In all the other cases, the

total order flow does not reveal the speculator’s information, because it gets contaminated

with the liquidity trader’s order. The manager follows the investment policy implied by

the contract (q) given his private information p. The stock price is equal to the firm value

13We focus on the equilibrium in which the speculator trades in line with his information. Bond, Edmans,
and Goldstein (2012) and Edmand, Goldstein, and Jiang (2015) argue that speculators may under-acquire
and under-use their information. We abstract away from this possibility in this initial attempt to study the
contracting implications of feedback, and our results are robust to incorporating a richer trading strategy
on the part of the speculator.
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without the feedback effect, i.e., V(q), in those cases.

We characterize the expected firm value and the speculator’s profits in each possible case

on the equilibrium path in Table 1. From Table 1, we can see that the speculator can extract

information rents, denoted by Π, only when his private information is not fully priced in.

The speculator’s expected trading profits can be calculated as follows:

E[Π(q)|θ] =

∫ q

0

[

pθ

2
(ηIL + V0 − V(q)) +

(1− p)θ

2
(V(q) + ηIL − V0)

]

dp

+

∫ 1

q

[

pθ

2
(ηIH + V0 − V(q)) +

(1− p)θ

2
(V(q) + ηIH − V0)

]

dp

=
θη

2

(

IH − q(IH − IL)

)

.

It is straightforward to see that the speculator’s information rents decrease with q. A

smaller q implies an ex-ante larger likelihood of high investment. The state-contingent rise

and fall are also correspondingly large for high investment, raising the variability in firm

value. Increased uncertainty in firm value increases the value of information and creates

opportunities for trading profits.

The speculator’s problem is to maximize his trading profits net of the cost, given the

contract:

max
θ

E[Π(q)|θ]−
1

2
Aθ2 =

θη

2

(

IH − q(IH − IL)

)

−
1

2
Aθ2.

The solution to the speculator’s problem represents the optimal information production,

which is characterized in the following lemma. This lemma also represents the speculator’s

reaction function, given managerial contract.

Lemma 2. (Information production) Given the contract, the optimal amount of information

production by the speculator is represented by

θ =
η

2A

(

IH − q(IH − IL)

)

.

(i) Information produced (θ) decreases in the target investment policy (q):
∂θ

∂q
< 0;

(ii) Information produced (θ) decreases in the transaction cost (A):
∂θ

∂A
< 0.
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Recall that trading profits decrease with q, thus the amount of information the speculator

produces also decreases with q. A lower q implies that high investment is more likely to be

undertaken. For large investments, the state-contingent rise and fall are also correspondingly

large. Information about the state realization thus becomes more valuable in this case,

increasing the marginal return from the speculator’s learning. The speculator will therefore

optimally produce more information in response to a weak-powered pay (corresponding to

a lower q).

When the transaction cost becomes lower (i.e., a smaller A), all else equal, the specula-

tor’s trading profits increase. In anticipation of higher trading profits, the speculator will

optimally produce more information in response to lowered transaction costs.

4 Optimal degree of pay-for-performance

Now we turn to the design of managerial incentives, taking into account how incentive

provision in compensation affects both managerial investment and information acquisition

in the stock market. We focus on the degree of pay-for-performance (β) in characterizing the

optimal contract. As we will show later in this section, the intuitions of our mechanisms are

transparent and general enough that we expect them to be present even in a more general

environment.14

4.1 Contracting without feedback

As a benchmark, we first analyze the optimal compensation contract in the absence of

feedback. The representative shareholder maximizes the expected terminal wealth. More

specifically, the shareholder chooses the number of shares (β̂), together with a target invest-

ment policy (q̂), that maximize the firm value net of managerial pay. Formally, the optimal

14To highlight the effect of information transmission from stock prices to managerial decisions, we abstract
away from other general considerations related to price-based incentives, for example, more informative prices
make better performance signals and thus enable equity compensation to serve as a more effective incentive
vehicle. These considerations have been analyzed in the literature and require prices to be formed after
managerial actions, while we focus on pre-action prices that can guide managerial decisions by revealing in-
formation that is not otherwise available to managers. We discuss the contracting implications of alternative
mechanisms in Section 5.2.3.
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contract solves

max
β,q

E[Firm Value−managerial pay] = (1− β)[V0 + (IH − IL)η(q − q2)],

subject to

q̂ = argmax
q

E[Um(q, I)], (ICI)

and

E[Um(q̂, I)] ≥ 0. (PC)

The objective function is the shareholder’s expected net payoff, which is expected firm value

net of compensation. The first constraint (ICI) is the incentive compatibility constraint on

investment strategy. The second constraint (PC) is the participation constraint, which will

be automatically satisfied given the zero reservation utility and non-negativity of compen-

sation.

We have characterized the incentive-compatible pay-for-performance in Lemma 1. The

shareholder’s problem is thus reduced to maximizing (1− β)V (q) subject to β =
δ

(1− 2q)η
.

We characterize the equilibrium contract without feedback in Proposition 1.

Proposition 1. (Contracting without feedback) In the optimal contract without feedback,

the optimal target investment policy q̂ < 1/2 satisfies the following equation:

1− 2q̂ −
δ

η
−

2δ(q̂ − q̂2)

η(1− 2q̂)2
−

2δV0

η2(IH − IL)(1− 2q̂)2
= 0.

The optimal investment policy q̂ and the corresponding managerial incentives β̂ are both

increasing in the firm’s investment opportunities (IH − IL).

Recall that in the first best case, as we discussed in Section 3.1, the optimal policy is

q = 1/2. With managerial empire-building incentives, a higher q (toward 1/2) increases the

expected compensation, causing the optimal investment policy (q̂) to be less than 1/2 in

equilibrium.

As in standard contracting theory, optimal managerial incentives in our model increase

in response to enlarged investment opportunities. When investment opportunities expand,

the investment payoff differential increases, and it is therefore more important to induce
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desired investment by offering additional incentives. Specifically, when the size differential

(IH − IL) increases, the optimal target investment policy (q̂) will increase toward the first

best level (q = 1/2). The pay-for-performance (β̂) correspondingly increases.

4.2 Contracting with feedback

Now we turn to analyze the contracting problem, taking into account the feedback effect. We

first analyze the components and properties of firm value. We then characterize the optimal

pay-for-performance with feedback, and compare that to the no-feedback case. Last, we

derive predications that will be empirically tested in Section 5.

4.2.1 Firm value

Firm value is now endogenous to trading, as the manager optimally uses information revealed

in stock prices to guide his investment decision. In particular, we can see from Table 1

that with probability
pθ

2
, the manager learns from the market that the state is good and

consequently takes high investment; with probability
(1− p)θ

2
, the manager learns about

the bad state and thus takes low investment. The expected firm value, denoted by VF (q, θ),

can be derived as follows:

VF (q, θ) = E

[

pθ

2
(V0 + IHη) +

(1− p)θ

2
(V0 − ILη) +

(

1−
θ

2

)

V(q)

]

= V(q) +
θ(IH − IL)η

2

(

1

2
− q + q2

)

.

The first term in the firm value corresponds to the firm value absent of feedback (V(q)). The

second term represents the firm value derived from the feedback effect. That is, an increment

in firm value can come from two sources in this environment: (i) the value created by directly

implementing a desired investment policy using compensation and (ii) the value created by

feedback from information revealed in stock prices. Shareholders search for an optimal mix

of these two vehicles that deliver value. We derive properties of firm value in Lemma 3.

Lemma 3. (Firm value) Compared with the no-feedback case, the firm value with the feed-

back effect is higher, that is, VF (q, θ) > V(q).
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(i) Firm value increases in information produced in the stock market:
∂VF

∂θ
> 0;

(ii) The value of information created in the market increases in investment opportunities:
∂VF

∂(IH − IL)
> 0;

(iii) Incentives in compensation and information produced in the stock market are strate-

gic substitutes:
∂

∂θ

(

∂VF

∂q

)

< 0.

The information produced in the stock market constitutes firm value, because it guides

managerial decisions and helps correct empire-building bias. As is standard in the market

microstructure literature, the speculator in our model extracts information rents from the

liquidity trader on average. Shareholders can free-ride on the information the speculator pro-

duces and benefit from it. The value of information produced in the market is proportional

to the firm’s investment opportunities, that is, (IH − IL).

Proposition 3 also indicates that marginal benefits of using compensation are decreasing

in the amount of information produced in the market. When there is more information

produced in the market, the improved information content of stock prices helps guide the

manager’s investment decision. The set of circumstances in which compensation matters

consequently shrinks. There is less necessity to use pay to induce desired actions. That is,

managerial incentives in pay arrangements and information produced in the stock market

are strategic substitutes.

4.2.2 Optimal pay-for-performance

The shareholder designs the compensation contract, keeping in mind how the manager

reacts given the incentives as well as how the stock market responds to managerial pay. The

shareholder chooses the number of shares (β̂), together with a target investment policy (q̂),

that maximize the firm value net of managerial pay. Formally, the optimal contract solves

max
β,q

(1− β)VF ,

subject to

β∗ =
δ

(1− 2q∗)η
, (IC∗

I )
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and

E[Um(q
∗, I)] ≥ 0. (PC∗)

The objective function is the shareholder’s expected net payoff, which is expected firm value

net of compensation. The first constraint (IC∗

I ) is the incentive compatiability constraint

on investment strategy, taken from the results in Lemma 1. The second constraint (PC∗) is

the participation constraint, which will be automatically satisfied given the zero reservation

utility and non-negativity of compensation.

To illustrate our main mechanism, we first take information production in the stock

market (θ) as exogenous and study its influence on the design of managerial incentives.

Suppose that the information content of stock prices is improved (i.e., a larger θ). As the

additional information revealed in prices clarifies the consequences of managerial actions and

guides managers to make optimal decisions, there is less need to provide direct incentives

to achieve efficient decision-marking (Lemma 3 (iii)). Improving the information content of

stock prices thus lowers managerial pay-for-performance, which is formalized in the following

lemma.15

Lemma 4. (Substitution between information production and pay) Taking information pro-

duction as exogenous, the target investment policy and optimal incentives in compensation

both decrease in information produced in the stock market:
∂q∗

∂θ
< 0,

∂β∗

∂θ
< 0.

In our model, the information content of stock prices is endogenous in that the speculator

optimally decides how much information to acquire (θ). We summarize the contracting

results in Proposition 2.

Proposition 2. (Contracting with feedback) In the optimal contract in the presence of the

feedback effect, the target investment policy satisfies q∗ < q̂, and the corresponding incentives

in the contract are lower than those in the no-feedback case: β∗ < β̂.

Figure 2 illustrates this result. The dashed horizontal line represents the first best in-

15A recent literature argues that an external governance mechanism exists when blockholders, by increas-
ing price efficiency through trading or exit, help exert governance and improve firm value (e.g., Admati
and Pfleiderer (2009), Edmans (2009), and Edmans and Manso (2011)). When the external governance
mechanism is strengthened as stock prices become more informative about managerial actions, the target
investment policy (q∗) becomes higher because it is easier to implement desired investment. The impact on
compensation (β) is ambiguous: external governance provided by the threat of voting-with-feet helps align
incentives, however, the incentivizing effect is stronger precisely when compensation is more tightly linked
to stock prices, which may imply a complementary relationship between pay and market informativeness,
opposite to what we find using the experiments that change the financial market environment.
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q∗

Figure 2: q∗ < q̂

vestment policy, that is, q = 1/2. The curves represent shareholders’ indifference curves

(ū = (1 − β(q))VF (q, θ)), and indifference curves to the northeast offer higher utility. In

the no-feedback case, there is no information produced in the market: θ = 0. The optimal

contract is determined by the point at which shareholders’ indifference curve becomes tan-

gent on the vertical axis, that is, q̂(< 1/2). In the presence of feedback, the speculator’s

information acquisition responds to managerial pay, which is denoted by the downward-

sloping line derived in Lemma 2. The optimal contract with feedback is thus determined

by the point at which shareholders’ indifference curve becomes tangent on the speculator’s

reaction function, that is, q∗, which is lower than q̂. As β is strictly increasing in q, optimal

pay-for-performance is lower with the feedback effect (β∗) than that without it (β̂).

To clearly show that feedback from stock prices lowers managerial incentives in compen-

sation (β), Figure 3 provides a graphic proof that separately illustrates the two mechanisms

that deliver the result (mathematical proofs are in appendix). In Figure 3, we include the

shareholders’ reaction function, which is the dotted downward-sloping line with an intercept

q̂ on the vertical axis. This line represents how the shareholder structures compensation,

taking information acquisition in the stock market as given. Shareholders’ reaction func-

tion is downward-sloping, because marginal benefits of compensation are decreasing in the

amount of information produced in the market, as shown in Lemma 3. The point E is where

the two reaction functions cross and would represent the Nash equilibrium if the shareholder

and the speculator moved simultaneously. The point E corresponds to a level of q (and hence

β) that is already lower than the no-feedback case (q̂). In addition, since a strong-powered

compensation deters information acquisition (that is,
∂θ

∂q
< 0), the shareholder can take
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Figure 3: Graphic illustration for q∗ < q̂

advantage of being the first mover and exploit the speculator by pushing the equilibrium

down to q∗, offering even fewer incentives and inducing even more information from the

stock market.

4.3 Testable implications

We now analyze the properties of compensation contracts in the presence of feedback, which

will be empirically tested in the next section. We use the transaction cost in the stock

market as a pivotal point to examine the contracting implications of the feedback effect.

All else being equal, lowered trading frictions increase market speculators’ trading profits

and incentivize informed trading, which, in turn, affect both managerial compensation and

information content of stock prices in equilibrium.

When the transaction cost decreases, all else being equal, there is more information

produced in the stock market, which helps guide the manager in his investment decision,

rendering incentives in compensation less necessary. The substitution between incentive

pay and information acquisition in the market leads to less managerial incentives used in

a less frictional market. In addition to the substitution effect, an amplification mechanism

exists when information acquisition responds to pay. That is, as the speculator’s action

becomes more responsive to compensation strategy when the market becomes less frictional,

a small reduction in incentive pay induces more information produced in the market, which

consideration leads to an even lower pay-for-performance in equilibrium. We formally state
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Figure 4: θ∗ ↑, q∗ ↓ when A ↓

this result below.

Implication 1. (Effect of market conditions on pay) The equilibrium pay-for-performance

(β∗) and the target investment policy implied by contract (q∗) are both increasing in the

transaction cost (A):
∂β∗

∂A
> 0;

∂q∗

∂A
> 0.

Figure 4 shows the effect of financial market conditions on managerial pay. When A

decreases, the speculator’s reaction function (θ(q)) becomes flatter — for any given com-

pensation (q), there is more information produced in the market. Shareholders’ indifference

curves are unaffected and now become tangent on the speculator’s reaction function at a

lower point (q∗′). In equilibrium, there is less incentive pay and greater information acqui-

sition in the market in response to reductions in the transaction cost.

In Figure 5, we illustrate the two mechanisms behind Implication 1: the substitution

effect and the amplification effect. The substitution between incentive pay and feedback

is reflected by the shift from the original equilibrium (represented by q∗ in Figure 5) to

the point D, where a parallel shift of the speculator’s reaction function becomes tangent

on shareholders’ indifference curve. A lowered transaction cost encourages information ac-

quisition and trading, substituting out part of managerial incentives in compensation. An

additional amplification mechanism is captured by the move from the point D to the new

equilibrium, represented by q∗′, which is a result of the change in the slope of the speculator’s

reaction function. That is, when the market becomes less frictional (that is, a lower A), the

speculator’s information acquisition is more sensitive to managerial pay. Shareholders are

able to take advantage of being the first mover and can induce additional information from
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Figure 5: Graphic illustration of Implication 1

the market by offering even lower incentives in compensation.

The information produced in the stock market is useful because it achieves investment

efficiency ex-post by mitigating agency frictions and correcting for managerial bias. When

managerial empire-building tendency is stronger (i.e., a larger δ), information produced in

the market is more valuable in mitigating managerial bias, and the effect of changes in the

stock market environment on pay is therefore stronger. We formulate this result below and

provide the sufficient condition in the proof in appendix. We also experiment numerically

and cannot find a counterexample in a wide range of parameters.

Implication 2. (The role of managerial bias) Suppose that managerial empire-building

tendency is not too large. The effect of transaction costs in the stock market on managerial

compensation is stronger in firms with greater managerial empire-building tendency.

In addition, our model also produces implications for how the optimal pay-for-performance

is influenced by the firm’s investment opportunities. Without feedback, when the firm’s

investment opportunities expand, the payoff differential from the investment rises, and the

increased importance of inducing optimal investment renders additional monetary incentives

necessary (described in Proposition 1). With feedback, the market generates and reveals

useful information that is relevant for corporate investment, guiding the manager through

which investment to take. In particular, when the size differential (IH − IL) is large, the

speculator is particularly incentivized to produce information, because his potential gain is

correspondingly large. There is less need to provide direct incentives when investment op-

portunities expand. In addition, as information acquisition is more responsive to managerial
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pay when the investment opportunity (IH − IL) and thus potential trading profits increase,

shareholders’ desire to attract informed trading leads to an even more subdued response in

pay to changes in the firm’s investment opportunities.

Therefore, we expect that when the transaction cost drops, the response of CEO pay-

for-performance to investment opportunity declines. Proposition 3 in online appendix shows

that this is the case when the drop in the transaction cost is sufficiently large. In particular, it

proves that this response of pay to investment opportunities is positive when the transaction

cost is above certain threshold (call it Ā) and is negative when below another threshold (call

it A). Therefore, when A drops from above Ā to below A, the response declines. Although we

have not been able to prove the decline in this response for small changes in the transaction

cost, we have conducted extensive numerical investigations, and we have not found any

counterexample even for small changes. Online appendix also provides a representative

numerical example. We summarize this implication as the following.

Implication 3. (Response of pay to investment opportunities) Reductions in transaction

costs in the stock market lower the response in managerial compensation to the firm’s in-

vestment opportunities.

The three model implications are new to the literature, and we will empirically examine

them in the next section. It is certainly impossible to measure speculators’ cost of producing

information or their overall transaction costs. As a compromise, to proxy for reductions in

the transaction cost, we use regulatory changes in trading rules that provide additional

opportunities for market traders to trade and profit from their private information. We can

also explicitly model a trading cost by assuming that trading additionally incurs a fixed cost

if the speculator chooses to trade. We show in online appendix that a separate trading cost

shares similar properties as the parameter A in the current model.

4.4 Key drivers of model implications

This subsection discusses which of the model’s features are necessary for its key contracting

results. In substance, there are three essential features in the model. First, managers

learn new information from the stock prices and use that to guide their real decisions, that
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is, the feedback effect exists.16 Second, there are agency frictions present in managerial

decisions. Third, market speculators’ information acquisition responds to managerial pay.

Our mechanisms, sufficiently produced by the first two elements and amplified by the third,

are robust to various modifications of model assumptions.

The first two building blocks — the feedback effect and agency frictions related to real

decisions — are sufficient in delivering a substitution relationship between incentive con-

tracting and information production in the stock market: When the market can aggregate

and reveal more information, it makes the linkage between managerial actions and resulting

outcomes more certain to managers ex-ante, which guides their real decisions and helps cor-

rect managerial bias, rendering incentive pay less necessary. This mechanism is not specific

to any particular agency friction.

To model agency frictions, the current model features empire-building motives on the

part of managers, which can be generalized to include various other agency conflicts related

to real decisions. For example, an alternative version of the model could incorporate quiet-

life managers — as suggested in Hicks (1935) and Bertrand and Mullainathan (2003) among

others — who may prefer to avoid the difficult decisions and costly efforts associated with

shutting down old plants. An extension of the current model may allow for managers to exert

effort to improve their own signals and actively learn about the state. The main intuition

of our mechanisms — information provision by the market guides managers in their real

decisions and thus substitutes out direct incentive provision in contracting — is robust to

these alternative agency frictions.

The last element, which features an endogenous response of speculators’ information

acquisition to pay, further amplifies the effects of stock market conditions on pay. Antici-

pating a more uncertain firm payoff under a weak-powered pay regime, market speculators

rationally produce more information in response to the increased return from their learning.

Therefore, shareholders have less incentives to use high-powered compensation, which deters

information production in the market. Our model implications do not hinge on this endoge-

nous response of speculators and are robust to leaving information production exogenous

(See Lemma 4).

16It is worth noting that the feedback effect only assumes that managers do not have complete knowledge
and market speculators can reveal some information through trading that managers do not otherwise know,
especially external information such as market demand for a firm’s products and potential synergy with a
target. We do not require the market to be better informed on an absolute basis.
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5 Empirical tests

5.1 Methodology and data

In this section, we test our model implications using two quasi-natural experiments that

better enable market participants to trade and profit from their private information in

the U.S. stock market — Reg SHO program and decimalization. We use both regulatory

changes to proxy for reductions in the transaction cost. The first experiment is that the U.S.

Securities and Exchange Commission (SEC) launched Reg SHO program, which randomly

selected one-third of the Russell 3000 Index firms as pilot firms and removed the short-

sale restrictions (“uptick rule”) for these pilot firms from May 2005 to August 2007.17 In

selecting pilot firms, the SEC sorted the 2004 Russell 3000 first by listing market and then by

average daily dollar volume from June 2003 through May 2004, and it selected every third

company starting with the second within each listing market.18 The second experiment

occurred when U.S. stock markets reduced the minimum tick size from 1/16 dollar to one

cent in 2001. Empirical research shows that both experiments are effective in reducing bid-

ask spreads (for example, Bessembinder (2003), Furfine (2003), Diether, Lee, and Werner

(2009), and Alexander and Peterson (2008)).19

Following Edmans, Gabaix, and Landier (2009), we use the scaled wealth-performance

sensitivity (WPS) to measure pay-performance sensitivities. WPS is the dollar change in

CEO wealth for a one percentage point change in firm value, divided by annual compensa-

tion, and it is obtained from Alex Edmans’ website. WPS is the elasticity of CEO pay to

17The uptick rule is a trading restriction that states that short selling a stock is only allowed on an uptick.
For the rule to be satisfied, the short must be either at a price above the last traded price of the security, or
at the last traded price when the most recent movement between traded prices was upward (i.e. the security
has traded below the last-traded price more recently than above that price).

18We begin by verifying that pilot firms represent a random draw from the Russell 3000 population. In
the fiscal year before the pilot program, the pilot and non-pilot firms are similar in size, growth, corporate
spending, profitability, leverage, and dividend payout, a finding also reported by Fang, Huang, and Karpoff
(2014).

19Among studies on Reg SHO program, Alexander and Peterson (2008) find that the effective spreads
of trades initiated by short sellers decrease significantly for pilot stocks relative to control stocks. Diether,
Lee, and Werner (2009) find that the relative bid depth increases significantly for NYSE pilot stocks. On
decimalization, Furfine (2003) and Bessembinder (2003) find that bid-ask spreads decline substantially, par-
ticularly for heavily traded stocks. Fang, Noe, and Tice (2009) find that firm performance increases after
decimalization, and they argue that this evidence is consistent with the notion that high stock liquidity rein-
forces the feedback effect by incorporating information into stock prices, which improves firm performance.
In a related strand of literature, Bharath, Jayaraman, and Nagar (2013) find that decimalization enhances
the positive association between blockholders’ ownership and firm value, and they interpret this evidence as
indicating that decimalization strengthens the governance role of block ownership via exit threats.
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firm value and reflects changes in the value of a CEO’s existing portfolio, including both new

and existing grants. The key advantage of WPS is that it is independent of firm size and

is comparable across firms and over time. Stock prices and returns data are from the Cen-

ter for Research in Security Prices (CRSP). Accounting data are from COMPUSTAT. The

institutional ownership ratio and institutional ownership concentration are from Thomson

Reuters Institutional (13F) Holdings.

5.2 Empirical results

Our model has the following three main implications: a reduced transaction cost i) results in

lower optimal pay-for-performance, (ii) has a stronger effect on pay-for-performance in firms

with higher managerial empire-building tendencies, and iii) reduces the positive association

between firms’ investment opportunities and optimal pay-for-performance. We examine each

of these implications in the following subsections.

5.2.1 Optimal pay-for-performance

We examine whether Reg SHO and decimalization lead to reductions in managerial incen-

tives in compensation. First, we focus on the randomized experiment, that is, Reg SHO,

and employ a difference-in-difference technique in the following regression:

βi,t = ai + at + a1 · I
PILOT × IDuring + a2 ·Xi,t−1 + ǫi,t, (1)

where ai is a dummy for the firm fixed effect and at is a dummy for the year fixed effect. β is

the scaled wealth-performance sensitivity (WPS), which is the dollar change in CEO wealth

for a one percentage point change in firm value, divided by annual compensation (Edmans,

Gabaix, and Landier (2009)).20 IPILOT is a dummy, which equals 1 if firms are selected as

Reg SHO pilot firms and 0 for the other firms in the Russell 3000 Index.21 IDuring is a year

dummy that equals 1 for 2005 through 2007 and 0 for 2001 through 2003. We exclude the

year 2004, as that is the year when the SEC announced the pilot program.22 Xi,t−1 denotes

a set of control variables, including firm size, leverage ratio, dividend payout dummy, firm

20WPS data is derived from ExecuComp data, which covers S&P1500 firms.
21We employ the list of Russell 3000 Index members in June 2004.
22Including the year 2004 does not change our results.
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age, institutional ownership ratio, ratio of cash to asset, ratio of capital expenditure to

asset, institutional ownership concentration ratio, and stock return volatility. We do not

include IPILOT and IDuring separately in the regression, owing to a collinearity with year-

and firm-fixed effects.

Columns (1) and (2) of Table 1 present the results from Equation (1). We find that the

coefficient of IPILOT × IDuring is negative at a significance level of 1%, suggesting that those

firms selected as pilot firms experienced a reduction in managerial incentives in compensation

during the program compared with control firms. The economic magnitude of the effect is

also sizable. The point estimate from the second column in Table 1 suggests that in response

to a 100 percentage point change in firm value, the response of pay in pilot firms is 19.5

percentage points less than control firms during the experiment.

Second, we consider decimalization as an alternative exogenous shock to the transaction

cost and carry out the following regression:

βi,t = ai + a1 · I
Decimal + a2 ·Xi,t−1 + ǫi,t, (2)

where ai, β, and Xi,t−1 are identically defined as those in Equation (1). IDecimal is a dummy

variable that equals 1 for 2001 through 2007 and 0 for 1992 through 2000. We include all

firms that have WPS data available.

Columns (3) and (4) of Table 1 present the results from Equation (2). We find that the

coefficient of IDecimal is negative and significant. The economic magnitude is considerable:

In response to a 100 percentage point change in firm value, the response of managerial

incentives in compensation is 30 percentage points less in the post-decimalization period

compared with the pre-decimalization period.

Our results highlight a contrast with Kang and Liu (2008) and Kang and Liu (2010),

which document a positive association between managerial pay-for-performance and stock

price informativeness and argue that more informative stock prices enhance the link between

managerial pay and firm performance.23 Using regulatory changes to circumvent potential

endogeneity issues, we show that the degree of pay-for-performance can actually be substi-

tuted out by information provision in the financial market.24

23Similarly, Jayaraman and Milbourn (2012) show that the CEOs pay-for-performance sensitivity with
respect to stock prices is increasing in the liquidity of the stock.

24There may be unobserved firm characteristics that drive their results. For example, firms in which
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One might be concerned that stock volatility of pilot firms increased during the Reg SHO

program, which leads to lowered incentives provided in compensation due to the standard

risk-incentives tradeoff (Holmstrom and Milgrom (1987)). Having this in mind, we include

stock return volatility as a control variable in our regressions, which does not affect our

results. A contemporaneous paper by De Angelis, Grullon, and Michenaud (2015) studies

the decomposition of incentives and find that pilot firms granted relatively more options

as a response to increased downside risk, while Deng, Gao, and Kim (2016) show that the

removal of short-sale constraints on pilot firms actually reduces the stock price crash risk in

these firms, especially for firms with more severe agency problems and greater information

asymmetry. Our results are different from De Angelis, Grullon, and Michenaud (2015) in

that we net out substitutions across compensation vehicles and study total incentives in

compensation, and the findings are not inconsistent with theirs. We will further discuss this

alternative theory on equity compensation and its applications to our empirical analysis in

Section 5.2.3.

5.2.2 The role of managerial empire-building tendencies

In this subsection, we examine whether managerial empire-building tendencies affect how

incentive pay responds to changes in the transaction cost due to Reg SHO and decimaliza-

tion. As the studies of the feedback effect have been concentrated on how stock prices help

correct managerial investment decisions (Baker, Stein, and Wurgler (2003); Luo (2005);

Chen, Goldstein, and Jiang (2007); Bakke and Whited (2010); and Bond, Edmans, and

Goldstein (2012)), our model features managerial empire-building incentives and predicts

that the effect of trading rule changes on pay structure is particularly pronounced in firms

whose managers are more likely to overinvest.

We employ four proxies to measure managerial tendencies for empire-building (abbrevi-

ated as MTEB hereafter): negative New KZ Index (Hadlock and Pierce (2010)), negative

KZ Index (Kaplan and Zingales (1997)), negative HP Index (Hadlock and Pierce (2010)),

and negative firms’ leverage ratio. The first three measures capture the degree of financial

slackness firms face. Lower-level financial constraints provide more resources for managers

to engage in empire-building. Similarly, managers at firms with lower leverage ratios have

managerial effort affects firm performances more directly should grant stronger incentives in CEO pay.
Meanwhile, the limited randomness in firm value may attract investors to trade the stock more frequently,
improving price informativeness and stock liquidity.
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greater flexibility in undertaking large-scale investments and are thus more likely to do so,

all else being equal.

First, we employ the Reg SHO program and conduct the regression as follows:

βi,t = ai + at + a1 ·MTEBi,t−1 × IPILOT × IDuring + a2 · I
PILOT × IDuring

+ a3 ·MTEBi,t−1 × IPILOT + a4 ·MTEBi,t−1 × IDuring + a5 ·MTEBi,t−1

+ a6 ·Xi,t−1 + ǫi,t,

where ai, at, β, I
PILOT , IDuring, and Xi,t−1 are identically defined as those in Equation (1).

MTEB is a vector that proxies for managerial tendencies for empire-building, including

negative New KZ Index, negative KZ Index, negative HP Index, and negative firms’ leverage

ratio. The larger the value of MTEB, all else being equal, the more resources available to

managers to take large-scale projects and hence stronger managerial tendencies for empire-

building.

As we focus on the impact of MTEBs on the association between WPS and Reg SHO

program, our main variable of interest is the coefficients of the interaction MTEBi,t−1 ×

IPILOT × IDuring. In columns (1), (2), and (4) of Table 2, we find that the coefficients

of the three-way interaction are all negative and significant, implying that the reduction in

managerial incentives in response to relaxation of short-sale constraints is strengthened when

managers are ex-ante more likely to make large-scale investments. When we use the negative

HP index to proxy for MTEB (column (3)), the coefficient of the three-way interaction is

also negative as predicted, although not significant.

Second, we employ decimalization as an alternative exogenous shock to the transaction

cost in the stock market and conduct the regression as follows:

βi,t = ai + at + a1 ·MTEBi,t−1 × IDecimal + a2 ·MTEBi,t−1 + a4 ·Xi,t−1 + ǫi,t,

where ai, at, β, I
Decimal, Xi,t−1, and MTEB are identically defined as those in Equation (2).

Table 3 presents the results. The coefficients of MTEBi,t−1 × IDecimal are all negative and

significant. That is, the post-decimalization reduction in WPS is stronger in firms whose

managers are ex-ante more likely to make large investments.
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5.2.3 Tobin’s Q and pay-for-performance

Now we investigate whether exogenous shocks to transaction costs would reduce the positive

association between WPS and firms’ investment opportunities, proxied by Tobin’s Q. First,

we examine the effect of Reg SHO program using the following regression:

βi,t = ai + at + a1 ·Qi,t−1 × IPILOT × IDuring

+ a2 ·Qi,t−1 × IPILOT + a3 ·Qi,t−1 × IDuring

+ a4 · I
PILOT × IDuring + a5 ·Qi,t−1 + a6 ·Xi,t−1 + ǫi,t,

where ai, at, β, I
PILOT , IDuring, and Xi,t−1 are identically defined as those in Equations (1).

Q denotes Tobin’s Q, calculated as the ratio of the market value of assets to the book value

of assets, where the market value of assets is defined as the book value of assets (data 6 in

Compustat) plus the market value of common equity (data 25 times data 199 in Compustat)

less the book value of common equity (data 60 in Compustat) and balance sheet deferred

taxes (data 74 in Compustat).

Our main variable of interest is the coefficient of the three-way interaction term Q ×

IPILOT × IDuring, which captures whether the reduction in the transaction cost affects the

positive relation between Tobin’s Q and WPS. Column (2) of Table 4 shows that the co-

efficient, a1, is negative and significant at 10% significance level, suggesting that Reg-SHO

program reduces the positive association between Tobin’s Q and WPS in pilot firms.

Second, we examine the effect of decimalization on the association between investment

opportunities and managerial incentives, and we conduct the regression as follows:

βi,t = ai + at + a1 ·Qi,t−1 × IDecimal + a2 ·Qi,t−1

+ a3 ·Xi,t−1 + ǫi,t,

where ai, at, β, I
Decimal, and Xi,t−1 are defined as identical to those in Equation (2). Q

denotes Tobin’s Q, calculated as the ratio of the market value of assets to the book value

of assets, where the market value of assets is defined as the book value of assets (data 6 in

Compustat) plus the market value of common equity (data 25 times data 199 in Compustat)

less the book value of common equity (data 60 in Compustat) and balance sheet deferred
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taxes (data 74 in Compustat).

Column (4) of Table 4 shows that the coefficient of the interaction Q×IDecimal is negative

and significant at the 10% level. This result echoes the Reg SHO analysis that a lowered

transaction cost reduces the effect of firms’ investment opportunities on managerial pay.

Taken together, our empirical analysis using both experiments (i.e., Reg SHO and dec-

imalization) provides confirming evidence that changes in the stock market environment

affect the design of managerial compensation, and this set of results collectively point to

the feedback effect as a natural, coherent explanation. A review of alternative theories on

the role of financial markets for compensation design reveals the difficulty in consistently

producing all the three data patterns. For example, the risk-sharing consideration in Holm-

strom and Milgrom (1987) can lower incentives when faced with increased downside risk

for pilot firms during Reg SHO, but it has limited relevance in the case of decimalization

and is silent regarding how firms differ in compensation responses based on empire-building

resources and investment opportunities. The monitoring role of stock markets highlighted in

Holmstrom and Tirole (1993) suggests that equity compensation is more effective in offering

incentives when stock prices incorporate more information about managerial actions, pre-

dicting a complementary relationship between incentive pay and market informativeness,

which is the opposite to what we find in the data. Similarly, the governance mechanism

based on “voting with feet” would in theory render the use of equity compensation more

necessary to make blockholders’ threat of exit relevant for managers, and it empirically re-

quires the presence of blockholders to take effect. In sum, the three patterns we find in

the data — incentives reduce in a less frictional financial market and reduce more in firms

with greater empire-building and investment opportunities — are most consistent with our

theory of the feedback effect.

6 Conclusion

Existing studies have analyzed managerial compensation and the feedback effect in isolation.

As the feedback effect directly influences managerial behavior, compensation should and

can optimally adjust for it. We study the contracting implications of the feedback effect,

and we show, both theoretically and empirically, that when the financial market becomes

less frictional, information acquisition in the stock market substitutes out part of incentive
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provision in compensation.

When the information content of stock prices improves, the financial market can offer

managers better guidance on key moves such as investments and acquisitions by providing

additional information. As the feedback effect helps mitigate managerial bias in decision

making, there is therefore less necessity to provide direct incentives in compensation. In

addition, the endogenous response of information acquisition in the stock market generates

an amplification mechanism that enhances the effect of changing financial market environ-

ments on managerial pay. That is, a weak-powered pay increases uncertainty in investment

payoffs and incentivizes information acquisition in the market, which leads to even lower

incentives in compensation arrangements.

Our empirical investigation using regulatory shocks to the transaction cost in the stock

market shows that changes in the financial market play an important role in determin-

ing managerial compensation. Our study provides confirming evidence that information

provision by the stock market contributes to compensation responses during these market

experiments, and yet it does not aim to attribute the changes entirely to the feedback effect.

Given the mounting empirical evidence for the importance of the feedback effect, our goal

is to initiate a first attempt to examine how and whether financial market conditions af-

fect the design of executive compensation due to this information transmission mechanism.

Certainly more work lies ahead to better understand the quantitative importance of the

feedback effect in shaping executive pay.
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Table 1. The effects of Reg SHO and decimalization on WPS
This table presents the effects of Reg SHO and decimalization on WPS. In columns (1) and (2), we examine the impact of Reg
SHO on WPS. The sample is from 2001 tp 2007. IPILOT is a dummy variable indicating firms that are selected as Reg SHO
treated stock, and zero for the remaining firms in the Russell 3000 index. IDuring is a time dummy that equals one from 2005
to 2007, and zero for time during 2001 to 2003. We exclude the year of 2004, as it is the year when the SEC announced the pilot
program. In columns (3) and (4), we examine the impact of decimalization on WPS. IDecimalis a dummy variable that equals
1 for the period after 2001. WPS measures the wealth-performance sensitivities, which is the dollar change in CEO wealth for
a 100 percentage point change in firm value, divided by annual flow compensation (Edmans et al. (2009)). Tobin’s Q is the
ratio of the market value of assets to the book value of assets, where the market value of assets is defined as the book value of
assets (data 6) plus the market value of common equity (data 25 times data 199) less the book value of common equity (data
60) and balance sheet deferred taxes (data 74). Size is the logarithm of total asset. Leverage is the sum of short-term debt
(data 34) and long-term debt (data 9) divided by the sum of short-term and long-term debt and stockholders equity (data 216).
Dividend is a dummy variable equal to one if a firm distributes dividends this year and zero otherwise. Age is calculated based
on the first time when the firm’s accounting information appeared in Compustat. IOR is the institutional investors’ ownership
ratio. Cash is the ratio of cash (data 126) divided by total assets (data 6). INV is the investment-to-capital ratio (INV),
which is capital expenditure (data 128) divided by fixed assets (data 8). IOC is the measure for concentration of institutional
ownership, which is the sum of the top five institutional investors that share ownership. RetStd is proxied for risk, which is
calculated as the standard deviation of monthly stock returns. All regressions are controlled for firm and year fixed effects.
Standard errors are clustered at year level and reported in the parenthesis. *, **, and *** represent statistical significance at
the 10%, 5%, and 1% level, respectively.

(1) PILOT (2) PILOT (3) DECIMAL (4) DECIMAL

IPILOT
× IDuring -0.139** -0.195***

(0.052) (0.053)
IDecimal -0.202*** -0.084***

(0.030) (0.020)
Size 0.095 0.153***

(0.090) (0.019)
Tobin’s Q 0.046** 0.145***

(0.016) (0.021)
Leverage -0.060 -0.046

(0.119) (0.083)
Dividend -0.052 -0.125***

(0.075) (0.023)
Age -0.089 -0.206***

(0.103) (0.038)
IOR -0.009 -0.159**

(0.090) (0.060)
Cash 0.056 0.025

(0.497) (0.093)
INV 0.128 0.093*

(0.124) (0.049)
IOC -0.500 -0.325*

(0.349) (0.178)
RetStd -0.115 0.032

(0.617) (0.112)
Year Dummies Y Y N N
Firm Dummies Y Y Y Y

No. of Obs 6259 5687 25902 25571
R-squared 0.6830 0.7048 0.5805 0.5958
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Table 2. The impact of MTEB on the negative association between PILOT and WPS
This table examines the impact of Managerial Tendencies for Empire-Building (MTEB) on the negative association between
Reg SHO and managerial compensation (WPS). The sample is from 2001 to 2007. IPILOT is a dummy variable indicating
firms that are selected as Reg SHO treated stock, and zero for the remaining firms in the Russell 3000 index. IDuring is a
time dummy that equals one from 2005 to 2007, and zero during 2001 to 2003. We exclude the year of 2004, as it is the year
when the SEC announced the pilot program. In column (1), MTEB1 represents negative New KZ index (Hadlock and Pierce
(2010)). In column (2), we use negative Kaplan-Zingales index (Kaplan and Zingales (1997)) to proxy for MTEB2. In column
(3), MTEB3 represents negative HP index (Hadlock and Pierce (2010)). In column (4), we use negative firms’ leverage ratio
to proxy for MTEB4. WPS measures the wealth-performance sensitivities, which is the dollar change in CEO wealth for a 100
percentage point change in firm value, divided by annual flow compensation (Edmans et al. (2009)). Tobin’s Q is the ratio of
the market value of assets to the book value of assets, where the market value of assets is defined as the book value of assets
(data 6) plus the market value of common equity (data 25 times data 199) less the book value of common equity (data 60) and
balance sheet deferred taxes (data 74). Size is the logarithm of total assets. Leverage is the sum of short-term debt (data 34)
and long-term debt (data 9) divided by the sum of short-term and long-term debt and stockholders equity (data 216). Dividend
is a dummy variable equal to one if a firm distributes dividends in this year and zero otherwise. Age is calculated based on
the first time when the firm’s accounting information appeared in Compustat. IOR is the institutional investors’ ownership
ratio. Cash is the ratio of cash (data 126) divided by total assets (data 6). INV is the investment-to-capital ratio (INV),
which is capital expenditure (data 128) divided by fixed assets (data 8). IOC is the measure for concentration of institutional
ownership, which is the sum of the top five institutional investors that share ownership. RetStd is proxied for risk, which is
calculated as the standard deviation of monthly stock returns. All regressions are controlled for firm and year fixed effects.
Standard errors are clustered at year level and reported in the parenthesis. *, **, and *** represent statistical significance at
the 10%, 5%, and 1% level, respectively.

Dependent variable: WPS
(1) MTEB1 (2) MTEB2 (3) MTEB3 (4) MTEB4

MTEB×IPILOT
×IDuring -0.026** -0.224*** -0.028 -1.160**

(0.007) (0.052) (0.022) (0.332)
IPILOT

× IDuring -0.103* -0.351*** 0.028 -0.442**
(0.046) (0.041) (0.212) (0.114)

MTEB×IPILOT 0.029* 0.100* 0.045 0.731**
(0.014) (0.039) (0.029) (0.257)

MTEB×IDuring 0.004 -0.034 0.025 0.042
(0.003) (0.068) (0.012) (0.241)

Size 0.085 0.088 0.172 0.091
(0.081) (0.066) (0.198) (0.082)

Tobin’s Q 0.047** 0.059** 0.046** 0.046**
(0.018) (0.022) (0.017) (0.016)

Leverage -0.000 -0.079 -0.023
(0.186) (0.118) (0.159)

Dividend -0.054 -0.036 -0.048 -0.035
(0.073) (0.047) (0.078) (0.098)

Age -0.065 -0.060 -0.020 -0.025
(0.098) (0.102) (0.108) (0.074)

IOR -0.013 -0.070 0.045 0.069
(0.070) (0.082) (0.053) (0.344)

Cash -0.059 -0.173 0.053 0.170
(0.334) (0.103) (0.340) (0.089)

INV 0.163 0.085 0.124 -0.512*
(0.114) (0.112) (0.084) (0.214)

IOC -0.529 -0.272 -0.571 0.011
(0.288) (0.225) (0.287) (0.851)

RetStd -0.014 -0.193 -0.146 -0.081
(0.858) (0.695) (0.849) (0.127)

MTEB -0.004 0.002 -0.095 -0.056
(0.004) (0.076) (0.120) (0.078)

Year dummies Y Y Y Y
Firm dummies Y Y Y Y

No. of Obs. 5747 5748 5687 5686
R-squared 0.7040 0.7387 0.7051 0.7055
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Table 3. The impact of MTEBs on the negative association between decimalization and WPS
This table examines the impact of Managerial Tendencies for Empire-Building (MTEB) on the negative association between
decimalization and managerial compensation (WPS). IDecimal is a dummy variable that equals 1 for the period after 2001.
In column (1), MTEB1 represents negative New KZ index (Hadlock and Pierce (2010)). In column (2), we use negative
Kaplan-Zingales index (Kaplan and Zingales (1997)) to proxy for MTEB2. In column (3), MTEB3 represents negative HP
index (Hadlock and Pierce (2010)). In column (4), we use negative firms’ leverage ratio to proxy for MTEB4. WPS measures
the wealth-performance sensitivities, which is the dollar change in CEO wealth for a 100 percentage point change in firm value,
divided by annual flow compensation (Edmans et al. (2009)). Tobin’s Q is the ratio of the market value of assets to the
book value of assets, where the market value of assets is defined as the book value of assets (data 6) plus the market value
of common equity (data 25 times data 199) less the book value of common equity (data 60) and balance sheet deferred taxes
(data 74). Size is the logarithm of total assets. Leverage is the sum of short-term debt (data 34) and long-term debt (data 9)
divided by the sum of short-term and long-term debt and stockholders equity (data 216). Dividend is a dummy variable equal
to one if a firm distributes dividends in this year and zero otherwise. Age is calculated based on the first time when the firm’s
accounting information appeared in Compustat. IOR is the institutional investors’ ownership ratio. Cash is the ratio of cash
(data 126) divided by total assets (data 6). INV is the investment-to-capital ratio (INV), which is capital expenditure (data
128) divided by fixed assets (data 8). IOC is the measure for concentration of institutional ownership, which is the sum of the
top five institutional investors that share ownership. RetStd is proxied for risk, which is calculated as the standard deviation
of monthly stock returns. All regressions are controlled for firm and year fixed effects. Standard errors are clustered at year
level and reported in parentheses. *, **, and *** represent statistical significance at the 10%, 5%, and 1% level, respectively.

Dependent variable: WPS
(1) MTEB1 (2) MTEB2 (3) MTEB3 (4) MTEB4

MTEB×IDecimal -0.075** -0.004* -0.028*** -0.305**
(0.029) (0.002) (0.008) (0.132)

Size 0.166*** 0.168*** 0.217*** 0.173***
(0.020) (0.025) (0.030) (0.025)

Tobin’s Q 0.144*** 0.147*** 0.150*** 0.146***
(0.022) (0.023) (0.022) (0.023)

Leverage -0.061 -0.078 -0.060
(0.215) (0.090) (0.092)

Dividend -0.124*** -0.130*** -0.107*** -0.120***
(0.024) (0.026) (0.022) (0.025)

Age -0.158*** -0.163*** -0.197*** -0.161***
(0.038) (0.038) (0.050) (0.039)

IOR -0.119* -0.133** -0.173** -0.138**
(0.059) (0.061) (0.071) (0.061)

Cash 0.067 -0.016 0.080 0.056
(0.092) (0.106) (0.102) (0.093)

INV 0.046 0.024 0.066 0.046
(0.047) (0.061) (0.049) (0.047)

IOC -0.342* -0.263** -0.174 -0.256**
(0.166) (0.108) (0.104) (0.106)

RetStd 0.138 0.244 0.281 0.218
(0.147) (0.172) (0.166) (0.187)

MTEB 0.042 0.004* -0.016 0.237*
(0.060) (0.002) (0.025) (0.117)

Year Dummies Y Y Y Y
Firm Dummies Y Y Y Y

No. of Obs 25569 25569 25571 25571
R-squared 0.5933 0.5933 0.5871 0.5932
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Table 4. The mitigation effect of the Reg SHO and decimalization on the positive relation between Tobin’s
Q and WPS
This table presents the mitigation effect of Reg SHO and decimalization on the positive relation between Tobin’s Q and WPS.
In columns (1) and (2), we examine the impact of the Reg-SHO program on positive association between Tobin’s Q and WPS.
The sample is from 2001 to 2007. IPILOT is a dummy variable indicating firms that are selected as the Reg SHO treated
stocks, and zero for the rest of the firms in the Russell 3000 index. IDuring is a time dummy that equals one from 2005 to
2007, and zero during 2001 to 2003. We exclude the year of 2004, as this year is when the SEC announced the pilot program.
IDecimal is a dummy variable that equals 1 for the period after 2001. WPS measures the wealth-performance sensitivities,
which is the dollar change in CEO wealth for a 100 percentage point change in firm value, divided by annual flow compensation
(Edmans et al. (2009)). Tobin’s Q is the ratio of the market value of assets to the book value of assets, where the market value
of assets is defined as the book value of assets (data 6) plus the market value of common equity (data 25 times data 199) less
the book value of common equity (data 60) and balance sheet deferred taxes (data 74). Size is the logarithm of total assets.
Leverage is the sum of short-term debt (data 34) and long-term debt (data 9) divided by the sum of short-term and long-term
debt and stockholders’ equity (data 216). Dividend is a dummy variable equal to one when a firm distributes dividends this
year, and zero otherwise. Age is calculated based on the first time when firm’s accounting information appeared in Compustat.
IOR is the institutional investors’ ownership ratio. Cash is the ratio of cash (data 126) divided by total asset (data 6). INV
is the investment-to-capital ratio (INV), which is capital expenditure (data 128) divided by fixed assets (data 8). IOC is
the measure for concentration of institutional ownership, which is the sum of the top five institutional investors that share
ownership. RetStd is proxied for risk, which is calculated as the standard deviation of monthly stock returns. All regressions
are controlled for firm and year fixed effect. Standard errors are clustered at year level and reported in the parenthesis. *, **,
and *** represent statistical significance at the 10%, 5%, and 1% level, respectively.

Dependent Variable: WPS
(1) PILOT (2) PILOT (3) DECIMAL (4) DECIMAL

Q×IPilot
× IDuring -0.107*

(0.042)
IPilot

× IDuring 0.047
(0.109)

Q×IPilot 0.095*
(0.038)

Q×IDuring -0.078**
(0.028)

Q×IDecimal -0.052*
(0.025)

Tobin’s Q 0.050** 0.030 0.145*** 0.153***
(0.018) (0.017) (0.021) (0.025)

Size 0.094 0.144 0.164*** 0.168***
(0.087) (0.078) (0.020) (0.020)

Leverage 0.039 0.091 -0.075 -0.069
(0.163) (0.141) (0.085) (0.086)

Dividend -0.057 -0.048 -0.126*** -0.123***
(0.077) (0.079) (0.023) (0.023)

Age -0.049 0.013 -0.167*** -0.155***
(0.116) (0.127) (0.037) (0.037)

IOR 0.005 -0.094 -0.120* -0.131**
(0.075) (0.084) (0.059) (0.058)

Cash 0.049 0.097 0.065 0.091
(0.354) (0.340) (0.090) (0.092)

INV 0.164* 0.169 0.057 0.057
(0.076) (0.095) (0.048) (0.049)

IOC -0.506* -0.434 -0.344* -0.368**
(0.238) (0.241) (0.166) (0.164)

RetStd -0.035 -0.060 0.169 0.124
(0.859) (0.867) (0.139) (0.155)

Year Dummies Y Y Y Y
Firm Dummies Y Y Y Y

No. of Obs 5686 5686 25571 25571
R-squared 0.7044 0.7082 0.5971 0.5975

39



Appendix

Proof of Proposition 1: For brevity, we denote ∆ = IH − IL in the following proofs.

Without informed trading, the shareholders’ objective is to maximize

(

1−
δ

(1− 2q)η

)

V(q) =

(

1−
δ

(1− 2q)η

)

[∆η(q − q2) + V0],

Taking the first-order derivative w.r.t q yields 1− 2q−
δ

η
−

2δ(q − q2)

η(1− 2q)2
−

2δV0

η2∆(1− 2q)2
= 0.

Denote the left-hand side of the above equation by f(q,∆). Since f(q,∆) = 0, we obtain

that
∂f

∂∆
+

∂f

∂q

∂q

∂∆
= 0. Since at the maximum we must have

∂f

∂q
< 0, the sign of

∂q

∂∆
is the

same as the sign of
∂f

∂∆
. Note that

∂f

∂∆
=

2δV0

η2∆2(1− 2q)2
> 0, so the optimal policy q̂ is

increasing in ∆, and thus β̂ =
δ

(1− 2q̂)η
is also increasing in ∆.�

Proof of Lemma 3: (i) As
θ(IH − IL)η

2

(

1

2
− q − q2

)

> 0, for 0 < q < 1/2, we

have VF (q, θ) > V(q), ∀q. (ii)
∂VF

∂θ
=

∆η

2

(

1

2
− q + q2

)

> 0. Given θ,
∂(VF − V(q))

∂(IH − IL)
=

θη

2

(

1

2
− q + q2

)

> 0. (iii)
∂

∂θ

(

∂VF

∂q

)

=
∆η

2
(−1 + 2q) < 0. �

Proof of Proposition 2: For simplicity, we define δ′ = δ/η, then β =
δ

(1− 2q)η
=

δ′

1− 2q
. Also, 0 < β < 1 implies that 0 < δ′ < 1. The shareholders’ objective is

to maximize (1 − β)VF , where 0 < β = δ′

1−2q
< 1. Note that ∂

∂q

[(

1− δ′

1−2q

)

V(q)
]

=

∆η
[

1− 2q − δ′ − 2δ′(q−q2)
(1−2q)2

− 2δ′V0

η∆(1−2q)2

]

is decreasing in q for q < 1
2
. So for any 1

2
> q ≥ q̂,

∂
∂q

[(

1− δ′

1−2q

)

V(q)
]

≤ 0; for any 1
2
> q ≥ q̂, ∂

∂q

[(

1− δ′

1−2q

)

VF

]

≤ ∂
∂q

[(

1− δ′

1−2q

)

θ∆η
2
(1
2
− q + q2)

]

<

0. So q∗ < q̂. Thus, β∗ =
δ′

(1− 2q∗)η
< β̂.

Proof of Implication 1: Plugging θ =
η

2A

(

IH(1− q) + ILq −
2c

η

)

into VF (q, θ) yields

that maximizing

(

1−
δ′

1− 2q

)

VF (q, θ) is equivalent to maximizing

F (q, x) =

(

1−
δ′

1− 2q

)[

−∆q3 + (2IH − IL − B) q2 −

(

3

2
IH −

1

2
IL −B

)

q +
IH
2

+
V0B

∆η

]

.

Denote f(q, x) =
∂F

∂q
, where x refers to the parameter IH , IL, or A. Then we have

∂f

∂x
+
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∂f

∂q

∂q

∂x
= 0. Since at the maximum q∗, we must have

∂f

∂q
< 0, the sign of

∂q

∂x
is the same as

the sign of
∂f

∂x
. We first can compute that

∂f

∂IH
=

1

(1− 2q)2

[

(1− 2q)2
(

−3q2 + 4q −
3

2

)

− b′
(

4q3 − 7q2 + 4q −
1

2

)

+
2δ′V0B

∆2η

]

.

So we obtain that ∂
∂q

[

(1− 2q)2 ∂f
∂IH

]

= (1−2q)
[

−4
(

−3q2 + 4q − 3
2

)

+ (1− 2q − δ′) (4− 6q)
]

>

0. So (1− 2q)2
∂f

∂IH
is increasing in q for 0 < q < 1

2
. Similarly, we can compute that

∂f

∂IL
=

1

(1− 2q)2

[

(1− 2q)2
(

3q2 − 2q +
1

2

)

+ b′
(

4q3 − 5q2 + 2q −
1

2

)

−
2b′V0B

∆2η

]

,

and
∂

∂q

[

(1− 2q)2
∂f

∂IL

]

= −2(1− 2q)
[

12q2 − 3(3− δ′)q + 2− δ′
]

< 0.

So (1 − 2q)2
∂f

∂IL
is decreasing in q for 0 < q < 1

2
. We have ∂f

∂A
= 4

∆η2
∂
∂q

[(

1− δ′

1−2q

)

V(q)
]

.

Since
∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

|q=q∗ > 0, q∗ and β∗ are both increasing in A.

Proof of Implication 2: Note that β =
δ

(1− 2q)η
. It is straightforward to derive that

∂

∂δ

(

∂β

∂A

)

=
2

(1− 2q)2η

(

∂q

∂A
+ δ

∂

∂δ

(

∂q

∂A

))

.

We can calculate that
∂q

∂A
=

X

Y
, where X =

4

(IH − IL)η2
(x1 − x2δ), Y = y1 + y2δ with

x1 = (IH − IL)η(1 − 2q), x2 =
(IH − IL)η(1− 2q)

(1− 2q)η
+

2V(q)

(1− 2q)2η
, y1 = −

∂2VF

∂q2
> 0, y2 =

8VF

(1− 2q)3η
+

4

(1− 2q)2η

∂VF

∂q
+

1

(1− 2q)η

∂2VF

∂q2
. V(q) = (IH − IL)η(q − q2) + V0, VF (q, θ) =

−∆q3 +

(

2IH − IL − B −
2c

η

)

q2 −

(

3

2
IH −

1

2
IL − B −

2c

η

)

q +
IH
2

+
V0B

∆η
−

c

η
. Then it is

easy to check that
∂

∂δ

(

∂β

∂A

)

> 0 if and only if x1y1 − 2x2y1δ − x2y2δ
2 > 0. As δ goes to

zero, due to the exsitence of feedback, the optimal q goes to q0 <
1
2
. It means that x1y1 > 0

as δ goes to zero. So
∂

∂δ

(

∂β

∂A

)

> 0 when δ is sufficiently small.
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A Response of pay to investment opportunities

To show that when the transaction cost drops, the response of CEO pay-for-performance

to investment opportunity declines, we first show that this is the case when the drop in

the transaction cost is sufficiently large. In particular, the following proposition proves that

this response of pay to investment opportunities is positive when the transaction cost is

above certain threshold (call it Ā) and is negative when below another threshold (call it

A). Therefore, when A drops from above Ā to below A, the response declines. We will

subsequently provide numerical results on monotonicity.

Proposition 3. In the optimal contract in the presence of the feedback effect, the recom-

mended investment policy q∗ and the corresponding incentives in the contract β∗ have the

following properties.

(i) If A > Ā, where Ā =
∆2η2

8V0

(

3η

2b
−

1

2

)

, then q∗ is increasing in IH and decreasing in

IL, which implies that q∗ and β∗ are both increasing in the firm’s investment opportunities

(IH − IL).

(ii) If A < A, where A =
∆2η2

8V0

1

2

(

1

2
−

3

2

(

b

η

)1/3
)(

1−

(

b

η

)1/3
)

, then q∗ is decreasing

in IH and increasing in IL, which implies that q∗ and β∗ are both decreasing in the firm’s

investment opportunities (IH − IL).

Proof of Proposition 3: (i) Since (1−2q)2
∂f

∂IH
is increasing in q, if (1−2q)2

∂f

∂IH
|q=0 >

0, then we must have (1 − 2q)2
∂f

∂IH
|q=q∗ > 0, which implies that

∂f

∂IH
|q=q∗ > 0. From the

above calculations, we can see that (1− 2q)2
∂f

∂IH
|q=0 > 0 is equivalent to

(1− 2q)2
(

−3q2 + 4q −
3

2

)

− b′
(

4q3 − 7q2 + 4q −
1

2

)

+
2b′V0B

∆2η
|q=0 > 0,

which can be simplified to
1

2
b′ +

2b′V0B

∆2η
>

3

2
.

Similarly, since (1 − 2q)2
∂f

∂IL
is decreasing in q, if (1 − 2q)2

∂f

∂IL
|q=0 < 0, then we must



have (1− 2q)2
∂f

∂IL
|q=q∗ < 0, which implies that

∂f

∂IL
|q=q∗ < 0. Also, (1− 2q)2

∂f

∂IL
|q=0 < 0 is

equivalent to

(1− 2q)2
(

3q2 − 2q +
1

2

)

+ b′
(

4q3 − 5q2 + 2q −
1

2

)

−
2b′V0B

∆2η
|q=0 < 0,

which can be simplified to
1

2
b′ +

2b′V0B

∆2η
>

1

2
. Therefore, as long as

1

2
b′ +

2b′V0B

∆2η
>

3

2
, i.e.

A >
∆2η2

8V0

(

3η

2b
−

1

2

)

, then q∗ is increasing in IH and decreasing in IL, which implies that

q∗ and β∗ are both increasing in the firm’s opportunities (IH − IL).

(ii) A similar argument applies here: when A <
∆2η2

8V0

1

2

(

1

2
−

3

2

(

b

η

)1/3
)(

1−

(

b

η

)1/3
)

,

we can show that (1 − 2q)2
∂f

∂IH
|q=q∗ < 0 and (1 − 2q)2

∂f

∂IL
|q=q∗ > 0. Therefore, q∗ is de-

creasing in IH and increasing in IL, which implies that q∗ and β∗ are both decreasing in the

firm’s opportunities (IH − IL).�

We have not been able to establish the monotonicity by deriving a clear sign of
∂

∂A

(

∂β∗

∂(IH − IL)

)

,

because both IH and IL are independent parameters and the transaction cost directly

changes β through channels independent of changes in IH or IL. We have tried numeri-

cally, and have not been able to find a counterexample where the association between β

and (IH − IL) is not monotonic in A. We show one set of our numerical results below

for illustration purposes. The parameterization used in the following graphs is as follows:

δ = 0.05, η = 0.5, V0 = 1, IL = 1.

B Extension: Trading cost

We now assume that it incurs a fixed cost, denoted by c, when the speculator chooses to

trade. As the speculator trades with probability θ, the expected trading cost is cθ. The

speculator’s problem is thus to maximize

max
θ

EΠ−
1

2
Aθ2 − cθ =

θη

2
(IH(1− q) + ILq)−

1

2
Aθ2 − cθ.



Figure 6: Numerical illustration of Implication 2
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Figure 6 plots how the response of q to (IH − IL) varies with A.

Since the market’s belief of the speculator’s trading strategy is that the speculator will

buy on good news and sell on bad news. Thus, conditional on good news, the speculator’s

expected profit is 1
2
(1− q)(IHη+V0−V(q))+ 1

2
q(ILη+V0−V(q)); conditional on bad news,

the speculator’s expected profit is 1
2
(1−q)(V(q)+IHη−V0)+

1
2
q(V(q)+ILη−V0). Note that

these profits lie between
ηIL
2

and
ηIH
2

. It is straightforward to check that when c ≤
ηIL
2

,

there is an equilibrium in which the speculator will buy on good news, and sell one share on

bad news, and this is consistent with the market’s belief of the speculator’s trading strategy.

If c ≥
ηIH
2

, there is an equilibrium in which the speculator will not produce information;

the manager will follow his own information in this case and the stock price is set to be

V(q). We formally state the condition for an equilibrium with information production and

the contracting results below.

Lemma 5. If c ≤
ηIL
2

, then there is an equilibrium in which the speculator will pro-

duce information and trade. The speculator’s trading strategy is to buy one share on good

news and sell one share on bad news, and this is consistent with the market’s belief of the

speculator’s trading strategy. Moreover, the optimal amount of information production is

θ =
η

2A

(

IH(1− q) + ILq −
2c

η

)

> 0. If c ≥
ηIH
2

, then there is an equilibrium, in which

the speculator will not produce any information, and only the liquidity trader is trading in

the market.



Proposition 4. In the optimal contract in the presence of the feedback effect,

I. If c ≥
ηIH
2

, then the speculator will not produce any information, and it conforms to

the no-feedback case. As a result, β∗ = β̂ is increasing in the firm’s investment opportunities

(IH − IL).

II. If c ≤
ηIL
2

, then the speculator will find it profitable to collect information and trade.

The recommended investment policy satisfies q∗ < q̂, and thus the corresponding incentives

in the contract β∗ are given by β∗ =
δ

(1− 2q∗)η
< β̂. We also obtain the following results:

(1) q∗ and β∗ are both increasing in A and c.

(2) If A >
(IH − IL)

2η2

8V0

(

3η

2δ
−

1

2

)

, then q∗ is increasing in IH and decreasing in IL,

which implies that q∗ and β∗ are both increasing in the firm’s investment opportunities

(IH − IL).

(3) If A <
(IH − IL)

2η2

16V0

(

1

2
−

3

2

(

δ

η

)1/3
)(

1−

(

δ

η

)1/3
)

, then q∗ is decreasing in IH

and increasing in IL, which implies that q∗ and β∗ are both decreasing in the firm’s investment

opportunities (IH − IL).

Proof of Proposition 4:

Proof of part (I): If c ≥
ηIH
2

, then IH(1 − q) + ILq −
2c

η
< 0. So θ = 0. It collapses

to the no-feedback case. Thus, β∗ = β̂ is increasing in the firm’s investment opportunities

(IH − IL).

Proof of part (II): If c ≤
ηIL
2

, then IH(1−q)+ILq−
2c
η
> 0. Thus, θ = η

2A

(

IH(1− q) + ILq −
2c
η

)

>

0. For simplicity, we define δ′ = δ/η, then β =
δ

(1− 2q)η
=

δ′

1− 2q
. Also, 0 < β < 1 implies

that 0 < δ′ < 1. The shareholders’ objective is to maximize (1− β)VF (q, θ), where 0 < β =
δ′

1− 2q
< 1. Note that

∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

= ∆η

[

1− 2q − δ′ −
2δ′(q − q2)

(1− 2q)2
−

2δ′V0

η∆(1− 2q)2

]

,

which is decreasing in q for q <
1

2
. So for any

1

2
> q ≥ q̂,

∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

≤ 0.

Hence, for any
1

2
> q ≥ q̂,

∂

∂q

[(

1−
δ′

1− 2q

)

VF

]

≤
∂

∂q

[(

1−
δ′

1− 2q

)

θ∆η

2

(

1

2
− q + q2

)]

<

0 holds. So q∗ < q̂. Thus, β∗ =
δ′

(1− 2q∗)η
< β̂.

Plugging θ =
η

2A

(

IH(1− q) + ILq −
2c

η

)

into VF (q, θ) yields that maximizing

(

1−
δ′

1− 2q

)

VF (q, θ)



is equivalent to maximizing

F (q, x) =

(

1−
δ′

1− 2q

)

×

[

−∆q3 +

(

2IH − IL − B −
2c

η

)

q2 −

(

3

2
IH −

1

2
IL − B −

2c

η

)

q +
IH
2

+
V0B

∆η
−

c

η

]

,

where B =
4A

η
. Denote f(q, x) =

∂F

∂q
, where x refers to the parameter IH IL, c, or A. Then

we have
∂f

∂x
+

∂f

∂q

∂q

∂x
= 0. Since at the maximum q∗, we must have

∂f

∂q
< 0, the sign of

∂q

∂x

is the same as the sign of
∂f

∂x
.

Proof of part (1) of (II):
∂f

∂A
=

∂

∂q

(

∂F

∂A

)

=
4

∆η2
∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

. Note that

∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

|q=q̂ = 0,
∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

is decreasing in q, and q∗ < q̂,

so
∂

∂q

[(

1−
δ′

1− 2q

)

V(q)

]

|q=q∗ > 0. Thus, q∗ and β∗ are both increasing in A.

∂f

∂c
=

∂

∂q

(

∂F

∂c

)

=
2

η

(

2δ′

(1− 2q)2

(

1

2
− q + q2

)

+

(

1−
δ′

1− 2q

)

(1− 2q)

)

> 0.

So q∗ and β∗ are both increasing in c.

Proof of part (2) of (II): We first compute that

∂f

∂IH
=

∂

∂q

(

∂F

∂IH

)

=
1

(1− 2q)2

[

(1− 2q)2
(

−3q2 + 4q −
3

2

)

− δ′
(

4q3 − 7q2 + 4q −
1

2

)

+
2δ′V0B

∆2η

]

.

We can obtain that

∂

∂q

[

(1− 2q)2
∂f

∂IH

]

= (1− 2q)

[

−4

(

−3q2 + 4q −
3

2

)

+ (1− 2q − δ′) (4− 6q)

]

> 0.

Thus, (1− 2q)2
∂f

∂IH
is increasing in q for 0 < q < 1

2
.



Similarly, we can compute that

∂f

∂IL
=

1

(1− 2q)2

[

(1− 2q)2
(

3q2 − 2q +
1

2

)

+ δ′
(

4q3 − 5q2 + 2q −
1

2

)

−
2δ′V0B

∆2η

]

,

and
∂

∂q

[

(1− 2q)2
∂f

∂IL

]

= −2(1− 2q)
[

12q2 − 3(3− δ′)q + 2− δ′
]

< 0.

Thus, (1− 2q)2
∂f

∂IL
is decreasing in q for 0 < q < 1

2
.

Since (1 − 2q)2
∂f

∂IH
is increasing in q, if (1 − 2q)2

∂f

∂IH
|q=0 > 0, then we must have

(1 − 2q)2
∂f

∂IH
|q=q∗ > 0, which implies that

∂f

∂IH
|q=q∗ > 0. From the above calculations, we

can see that (1− 2q)2
∂f

∂IH
|q=0 > 0 is equivalent to

(1− 2q)2
(

−3q2 + 4q −
3

2

)

− δ′
(

4q3 − 7q2 + 4q −
1

2

)

+
2δ′V0B

∆2η
|q=0 > 0,

which can be simplified to
1

2
δ′ +

2δ′V0B

∆2η
>

3

2
.

Similarly, since (1 − 2q)2
∂f

∂IL
is decreasing in q, if (1 − 2q)2

∂f

∂IL
|q=0 < 0, then we must

have (1 − 2q)2
∂f

∂IL
|q=q∗ < 0, which implies that

∂f

∂IL
|q=q∗ < 0. Also (1− 2q)2

∂f

∂IL
|q=0 < 0 is

equivalent to

(1− 2q)2
(

3q2 − 2q +
1

2

)

+ δ′
(

4q3 − 5q2 + 2q −
1

2

)

−
2δ′V0B

∆2η
|q=0 < 0,

which can be simplified to
1

2
δ′ +

2δ′V0B

∆2η
>

1

2
. Therefore, as long as

1

2
δ′ +

2δ′V0B

∆2η
>

3

2
, i.e.,

A >
∆2η2

8V0

(

3η

2δ
−

1

2

)

, then q∗ is increasing in IH and decreasing in IL, which implies that

q∗ and β∗ are both increasing in the firm’s opportunities (IH − IL).

Proof of part (3) of (II): A similar argument applies here: when the following holds

A <
∆2η2

8V0

1

2

(

1

2
−

3

2

(

δ

η

)1/3
)(

1−

(

δ

η

)1/3
)

,



we can show that (1 − 2q)2
∂f

∂IH
|q=q∗ < 0 and (1 − 2q)2

∂f

∂IL
|q=q∗ > 0. Therefore, q∗ is

decreasing in IH and increasing in IL, which implies that q∗ and β∗ are both decreasing in

the firm’s opportunities (IH − IL).




