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Abstract
We apply the certainty equivalent approach to find the incentive effect of restricted 

stocks and stock options under the executive perspective. Our numerical simulation results 
show that incentive effects are different between restricted stocks and stock options under 
different measures. Under the delta measure, the restricted stocks have higher incentive 
than stock options but under the modified delta, the stock options have higher incentive 
than restricted stocks. We conclude that the difference of incentive measure is the reason 
of the inconsistent pattern of incentive effect between restricted stocks and stocks options. 
We define a more appropriate incentive measure, the liquidity effect, and compare the 
incentive effects. The result shows that the liquidity effect can explain the inconsistency 
caused by the delta and the modified delta. Finally, we show that the substitution of 
restricted stocks for stock options may not have a significant effect on the incentives for 
the executives.
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I. Introduction

Incentives in stock-based compensation are an important issue in the past three 
decades. The incentive effect is the incentives for managers to increase firm value. There 
are two major parts in an executive compensation, which are the cash- and the stock-
based compensations. Compared with the cash-based compensation, the stock-based 
compensation plays a more important role in providing incentives. For example, Guay 
(1999) and Bernardo, Cai, and Luo (2016) suggest that managers receive incentives to 
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invest in risky projects that increase the firm value. In addition, Mehran (1995) also finds 
that the percentage of equity held by managers and the percentage of managers’ stock-
based compensation have positive relation with firm performance. Moreover, Rose, Rose, 
Suh, and Ugrin (2017) find that long stock holding requirements increase managers’ 
willingness to pursue risky investments when large performance incentives are available.

In contrast, some researches show weak evidence about the incentive of stock-based 
compensation. For example, Yermack (1995) finds that the patterns of stock option awards 
have little association with the agency or financial contracting theories. Hall and Murphy 
(2002) mention that the add-on stock option rewards result in systematically overpaid 
executives, lower company profits, and inefficiently provided incentives. Therefore, there 
is no consistent agreement about the incentive of stock-based compensation.1

Stock options and restricted stocks are the two instruments widely used in an 
executive compensation. The extensive literature shows that executives value their stock-
based compensation lower than its market value due to many constraints, such as non-
transferability, vesting feature, and forfeiture. Even though many researchers use different 
models and settings in the valuation of stock-based compensation, they all agree that the 
executive’s value of a stock option or a restricted stock is lower than its market counterpart 
under most circumstance. Therefore, we stand in the perspective of executives to 
investigate the incentive effect of restricted stocks and stock options.

Applying the certainty equivalent approach, we find the executive’s values of 
restricted stocks or stock options under different model settings. If we stand in firm’s 
perspective to get the incentive effect, then the result cannot represent the real effect for 
executives. In addition, Hall and Murphy (2002) mention that a more appropriate way of 
evaluating incentives is the derivative of the executives’ value with respect to stock price 
and this is one of the measures we use in this paper.

There are three reasons for the importance of the difference between the incentive of 
restricted stock and that of stock options. First, by definition, stock options give executives 
the right to purchase a fixed amount of firm’s stocks at exercise price, determined on 
the grant date, within pre-specified time to maturity. Restricted stocks are the actual but 
unregistered firm’s stocks with some restrictions. Their differences include that stock 
options have finite maturity, normally ten years, but restricted stocks have infinite life if 
the firm operates continuously. In addition, after the vesting period, stock options can be 
exercised early and option holders become shareholders if the holders keep holding the 
stocks. However, restricted stocks can be sold after vested and reduce the executive’s firm-
specific risk exposure. Due to these differences, the values and incentives provided by 
restricted stocks and stock options should be different. Little research pay attention to the 
comparison of the incentive effects between restricted stocks and stock options and this is 
one reason we perform the comparison.

Second, some researchers define pay-performance sensitivity as a measure of 
incentive, which is the incentive to increase stock price, such as Jensen and Murphy (1990) 

1 Murphy (1998), Core, Guay, and Larcker (2001), and Hayes, Lemmon, and Qiu (2012) have the excellent survey for the 
incentives of executive’s compensation, both cash- and stock-based compensations. 

台灣管理學刊18(2)-01 Shih.indd   2 2019/3/21   下午 01:00:10



 台 灣 管 理 學 刊

 第 18 卷  第 2 期，2018 年 8 月  3

and Jin and Meulbroek (2001).2 Others use modified delta as an incentive measure, such as 
Bryan, Hwang, and Lilien (2000) and Yermack (1995). These incentive measures are good 
measures in the cases either different restricted stocks or different stock options but not 
appropriate when we compare the incentives between restricted stocks and stock options. 
Under the delta measure, we find the incentives of restricted stocks are higher than those of 
stock options. In contrast, we find the incentives of stock options are higher than those of 
restricted stocks under the modified delta measure. As a result, we define another incentive 
measure, liquidity effect, to compare the incentives between restricted stocks and stock 
options. Liquidity effects come from the liquidity discount, which might be viewed as the 
value of incentives, and perform better in the comparison of the incentive effect.

Finally, more and more firms replace stock options with restricted stocks recently3 
due to the bear market trend and accounting reforms in expensing stock options. However, 
a restricted stock is similar with a stock option, if we view a restricted stock as a stock 
option with exercise price equal to zero. There is no clear evidence in the literature to 
support or explain this substitution. In this paper, we answer the question of whether 
this substitution has significant effect on the incentives for an executive under different 
characteristics.

The rest of this paper proceeds as follows. Section II provides relative literature 
review about theoretical and empirical results of incentive of stock-based compensation 
and different incentive measures. We also introduce the setting of standard case and the 
range of each variable. Section III describes the method we use to get the executive’s 
values and incentives of a restricted stock and a stock option. We show the numerical 
results of incentive comparison and define a new incentive measure in Section IV. We 
make a summary of conclusion and the direction of further research in Section V.

II. Literature Review

There exists plenty research on the incentive effect of executive compensation and 
most of them focus on the incentive to increase the stock price and stock volatility. In this 
paper, we focus on the incentive to increase the stock price. The pay-performance relation 
is the change in executive’s wealth with respect to the change in stock price. To involve the 
incentive investigation in more detail, we separate all relative factors, which may affect the 
incentive effect, into three groups: market environment factors, firm-specific factors, and 
executive-specific factors and summarize theoretical and empirical results for each group 
as follows. Most of empirical results focus on the incentive of stock options, but we extend 
to the restricted stocks cases.

2 Johnson and Tian (2000), Hall and Murphy (2002), and Henderson (2002) also use the delta as an incentive measure. The 
difference is that  Johnson and Tian use the first derivative of Black–Scholes value with respect to stock price but the others 
use the first derivative of executive’s value with respect to stock price. 

3 Microsoft announced on July 9, 2003 that it would no longer grant stock options and instead start issuing restricted stocks to 
its 50,000 employees. This is the representative case of the trend of replacing stock options with restricted stocks.
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2.1. Market Environment Factors
There are two variables that describe the market environment, which are the 

market return and the risk-free rate. We know that executives have no influence on the 
whole market environment but these two variables have some effect on the incentives 
of executive’s compensation. Theoretically, Jenter (2001) mentions that effort incentives 
have the positive relationship with the covariance between pay-for-performance and the 
exogenous shock. In Hall and Murphy (2003), the empirical data shows that there is a high 
correlation between the Dow Jones Industrial Average and the ratio of the pay of the CEO 
to the average worker from 1970 to 2002. 

Risk-free rate in our approach has mixed effects. First, it affects the size of the up and 
down moves in a binomial model because we assume that the expected stock return comes 
from Capital Asset Pricing Model (CAPM). Second, it affects the discount factor for the 
executive’s value of stock options and restricted stocks. We cannot forecast the relation 
between risk free rate and the incentive effect in our approach. However, based on Jenter 
(2001), we view the increase of risk free rate as a negative shock and expect the negative 
relation between risk free rate and the incentive effect.

2.2. Firm-Specific Factors
We classify beta coefficient, stock volatility, and stock price in this group. There is an 

extensive literature focus on the effects of these variables on the incentive of stock options. 
We summarize relative results individually as follows.

Beta coefficient: Meulbroek (2001) shows that the executive’s value of a restricted 
stock or a stock option increases with the stock’s beta, which implies that the higher the 
beta is, the more efficient of the stock-based compensation will be. In addition, Kahl, 
Liu, and Longstaff (2003) show that the implied value4 of restricted stock increase when 
beta increases. Applying the incentive metric in Jin and Meulbroek (2001), we find that 
the difference between the delta and the private delta decreases when beta increases. 
This means that private delta increases with beta. In sum, we expect the positive relation 
between beta and incentive effect.

Stock volatility: Jin (2002) shows, in his solution of the principal’s problem, that pay-
performance sensitivity has a negative relation with firm-specific risk. However, Henderson 
(2002), Lambert, Larcker, and Verrecchia (1991), and Bolton, Mehran, and Shapiro (2015) 
mention that an increase in stock volatility has two conflicting effects on executive’s value 
of a stock option. One is the positive effect from the convexity of the option’s payoff, and 
the other is the negative effect from the executive’s risk aversion. Therefore, the incentive 
effect depends on the mixed effects of stock volatility on the executive’s value.

Stock price: The delta from the Black–Scholes formula increases with the stock 
price and the delta of market value of a restricted stock is equal to one. Moreover, from 
the executive’s perspective, we find that the delta still increases with executive’s value of a 

4 Kahl et al. (2003) define implied value is calculated by solving for the fraction of the market value that a share of the firm’s 
stock would need to sell for in the unrestricted case to give the same utility to the executive as achieved in the restricted case. 
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stock option. Jin and Meulbroek (2001) show the complete derivation of the private delta. 
In addition, Ingersoll (2006) and Hall and Murphy (2002) also show the same pattern of 
the incentive effect in their simulated samples when the stock price increase. However, 
there is one exception of this pattern. The simulated result in Cao and Wei (2008) show 
that the modified delta of European stock options decreases when stock price increases. 
This is because they use the modified delta, which is defined as the delta divided by the 
option value, as the incentive measure and the magnitude of the change in the option value 
dominates that in the delta. 

2.3. Executive-Specific Factors

There are three important executive characteristics in this group, which are risk 
aversion, percentage of stock wealth, and personal wealth. We find that most researchers 
focus on the effect of risk aversion and percentage of executive’s stock wealth, but, due 
to the difficulty of data collection, there exists rare research that involves in the effect of 
personal wealth on incentive. However, Lambert et al. (1991) prove that the executives’ 
value weakly increases with their other, non-firm related, wealth in their Proposition 1. In 
Section IV, we provide the simulated result to shed light on this gap of incentive research. 
We also summarize the relative results as follows. 

Risk aversion: From Pratt (1964), the cash equivalent or value of a risky asset 
should be its expected return subtracting risk premium. We know that the more risk-
averse executives require higher risk premium and then place lower values on restricted 
stocks or stock options. As a result, the difference between executive’s value and market 
value becomes large and the incentive effect decreases. We expect that risk aversion has 
a negative relation with the incentive effect. Cao and Wei (2008), however, show positive 
relation between risk aversion and the modified delta and we find the reason in Section IV. 
As a result, we have to deal with the problem of different incentive measures when we try 
to compare the incentive between restricted stocks and stock options. 

Percentage of stock wealth: As we know, the higher the percentage of firm stock 
wealth, the more the firm-specific risk exposure. Therefore, the executives with higher 
percentage of firm stock wealth place lower value on their stock-based compensation. 
Hall and Murphy (2002), Ingersoll (2006), and Cao and Wei (2008) provided simulated 
evidence in stock options to support this relation. Kahl et al. (2003) provide evidence 
in restricted stocks. In empirical results, Yermack (1995) uses actual data to show the 
negative but insignificant relation between pay-performance incentive and executive’s 
stock ownership. In addition, Bryan et al. (2000) use the same incentive measure as 
Yermack and get a negative and significant relationship.

We take the vesting period and the number of restricted stocks or stock options into 
account. The stock-based compensation with longer vesting period has larger liquidity 
discount or the holders require a higher risk premium to keep holding these securities 
longer than they are willing to. Therefore, the executive’s value of the compensation 
should decrease with the vesting period. Rubinstein (1995) uses a modified binomial 
model to get the executive’s value of stock options with early exercise feature. He finds the 
lowest executive’s value for European stock option, which supports the negative relation 
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between the executive’s value and the vesting period. Longstaff (2001) and Kahl et al. 
(2003) also support this relation in the valuation of illiquid securities. Ingersoll (2006) and 
Cao and Wei (2008) actually show the negative relation in their simulated samples.

2.4. The Standard Case
In the following analysis, unless stated otherwise, all values are computed based on the 

standard assumptions of all variables: exercise price, X = $50; risk-free rate, rf = 6%; market 
return, rm = 12%, which means that market premium = 6%; stock volatility, σ = 50%; 
executive’s initial wealth, W0 = $5 million; percentage of stock wealth, α = 50%; number 
of stock option, n = 5,000; systematic risk, β = 1; relative risk aversion, γ = 2. We ignore the 
dividend effect in all computation. To show the comparability of our simulated results with 
other relative research, I summarized all inputs used in other literature in Table 1.

Table 1. The Comparison of Inputs in the Literature

Paper rm rf X σ β W0 γ α n
Detemple and Sundaresan (1999) 5% $80 30% $40 2 1
Hall and Murphy (2002) 12.5% 6% $30 30% 1 $5 million 2, 3 50%

67%
5,000

Henderson (2002) 5% $100 45% 1/1000
4/2500
1/2500a

λa

Ingersoll (2006) 5% $100 30% 1, 3, 5, 7 10%
25%
50%
75%

1

Kahl et al. (2003) 10% 5% 0b 30%
60%

1 2, 4 10%
30%
50%
70%
90%

1

Cao and Wei (2008) 6% $100 30% 1, 2, 4 10%
50%
80%

1

Chance and Yang (2005) 12.5% 6% $50 30% 1 $5 million 2.5 50% 5,000
Chance and Yang (2007) 10.5% 4% $30 50% 1 $3 million 2, 3 50% 3,000
This Paper 12% 6% $50 50% 1 $5 million 2 50% 5,000

Note: All variables represent as follows: rm is market return, rf is risk-free rate, X is exercise price, σ is 
stock volatility, β is systematic risk, W0 is initial wealth, γ is the coefficient of relative risk aversion, 
α is percentage of stock wealth, and n is the number of granted stock options. Some cells are blank 
because different models have different variables or assumptions.  The models used in Hall and 
Murphy (2002) and Chance and Yang (2005, 2007) are similar with the model we use in this paper. 
Therefore, they require the same variables.

     a Henderson assumes negative exponential utility with constant absolute risk aversion (CARA) rather 
than power utility function with constant relative risk aversion (CRRA). She also uses a compounded 
variable q = λγ, where λ is number of granted options and γ is risk aversion of CARA. 

     b Kahl et al. (2003) evaluate the implied value of restricted stocks, whose exercise price should equal to zero.
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To observe the change in incentive effects in different variable settings, we change 
the values of all variables, except exercise price. Even though we change the variables’ 
values, the assumption in the binomial model is the constant parameters, rather than the 
stochastic parameters. We view the different variable settings as different and independent 
cases. The values we use for all variables are summarized in Table 2. Doing so, we observe 
the incentives change in different cases.

III. The Model

To find the incentive effect from executive’s perspective, we have to know the 
executive’s value of restricted stocks and stock options. In 1995, the Financial Accounting 
Standards Board (FASB) issued Statement of Financial Accounting Standards (SFAS) 
No. 123, “Accounting for Stock-Based Compensation,” and more and more academic and 
practical researches involve in the valuation of stock option.5 Because the characteristics 
of stock option, such as long maturity, vesting constraint, and non-transferability, etc., all 
results support that the executive’s values of stock options are overvalued by the market 
value, i.e., the Black–Scholes value. In addition, Ingersoll (2006), Rubinstein (1995), and 
Hall and Murphy (2002) mention and prove that early exercise affects the executive’s 
value; therefore, we take early exercise into account in the valuation of the executive’s 
value.

Chance and Yang (2007) mention that early exercise can be easily incorporated 
into a binomial utility model and there are several modified binomial models of expected 
utility designed to adapt early exercise and vesting feature, such as Hall and Murphy 
(2002), Detemple and Sundaresan (1999), and Carpenter (1998). In this paper, we apply 
the same approach as Hall and Murphy to get the executive’s values. There are two basic 

5 Relative literature includes Aboody (1996), Carpenter (1998), Detemple and Sundaresan (1999), Huddart (1994), Hall and 
Murphy (2002), Ingersoll (2006), Kulatilaka and Marcus (1994), and Rubinstein (1995).

Table 2. The Extension of Variables’ Values

Variable Lower bound Standard case Upper bound
rm 10% 12% 14%
rf 4% 6% 8%
σ 30% 50% 70%
β 0 1 2

W0 $1 million $5 million $10 million
γ 1.5 2.0 2.5
α 33% 50% 67%
n 1,000 5,000 10,000

Note: The definition of variables is shown in Table 1.
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assumptions in the binomial model. First, the expected stock return comes from the capital 
asset pricing model (CAPM). That is

E(r) = rf + β(rm – rf), (1)

where E(r) is expected stock return, rf is risk-free rate, rm is market return, and β is systematic 
risk coefficient. Second, the executive holds a portfolio including (1 – α)% of risk-free 
bond, α% of firm stocks, and stock-based compensation, either restricted stocks or stock 
options. We also assume that executive has a power utility function with constant relative risk 
aversion, which is

U(W) = W1–γ

1 – γ , (2)

where W is the executive’s total wealth, γ is the risk aversion coefficient. From the above 
definition, we find the terminal wealth of an executive who holds n stock options, which is

WT = (1 – α)W0(1 + rf)
T + αW0

P0
 PT + n × max(0, PT – X), (3)

where α is percentage of stock wealth, P is stock price and X is exercise price. The main 
target of this paper is to compare the incentive effect between restricted stocks and stock 
options. Therefore, we assume that the cost to the firm, in granting either restricted stocks 
or stock options, is constant. Based on the cost assumption, we get the number of restricted 
stocks we need to keep the cost to the firm constant. The number of restricted stocks, m, is (n 
× BS0) ÷ P0, where BS0 is Black–Scholes value at time 0. The terminal wealth of an executive 
who is granted m shares of restricted stock is

WT = (1 – α)W0(1 + rf)
T + � αW0

P0
 + m�PT. (4)

To construct the stock price process in the N-period binomial model, we assume 
the stock price can move up by a factor u and move down by a factor d with equal 
probability. This means that true probability is 0.5. The sizes of the up and down factors 
must guarantee that the expected continuously compounded annual stock return is equal  
to μ = ln(1 + E[r]) and volatility is equal to σ. The u and d are given as follows:

u = exp�(μ – δ)h – ln�cosh�σ h �� + σ h �

d = exp�(μ – δ)h – ln�cosh�σ h �� – σ h �,
 (5)

where δ is dividend rate, h is the length of each period, h = T ÷ N. To simplify our analysis, 
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we assume δ = 0 in all computations. To obtain the executive’s value of a restricted stock or 
a stock option, we use the certainty equivalent approach, which is broadly used and easily 
compute in the binomial model.

There are some differences in the computation between restricted stocks and stock 
options. First, stock options have a maturity, normally ten years, but restricted stocks have 
no maturity if the firm operates continuously. Since there is no helpful information in the 
valuation of restricted stock after vesting period, we just need to take the binomial tree up 
to the vesting period into account. For the stock options, we have to go through the whole 
binomial tree until the maturity. Second, stock options have an exercise price, but restricted 
stocks do not. To take these differences into account, we know the executive’s terminal 
wealth either stock options or restricted stocks from above Equations (3) and (4). Finally, 
we assume monthly time steps in our binomial tree of stock options, as in Carpenter (1998). 
Because we just go through the binomial tree of restricted stocks in vesting period, we 
assume 120 steps per year, rather than monthly steps, to get a converged value.

IV. Numerical Results

Based on the certainty equivalent approach, we find the executive’s value of a 
restricted stock or a stock option under different values of variables. Then, based on these 
executive’s values, we compute the incentive effects under two incentive measures, delta 
and modified delta. In the process of computation, we set different values to one variable 
and keep other variables’ values as standard case mentioned in Section 2.4.

4.1. Incentive Effect Under Delta Measure
There are several incentive measures in the literature. Under the Black-Scholes 

option pricing model, the delta is ∂C ÷ ∂S, or N(d1) in the Black–Scholes formula. Under 
certainty equivalent approach, the delta is the change in executive’s value of a restricted 
stock or a stock option per dollar change in stock price. We use this metric to measure the 
incentive effect of stock options and restricted stocks. We summarize the deltas of stock 
options and restricted stocks in Table 3 and Table 4.

First, we find that, under delta measure, most of incentives, except some from 
deep in-the-money stock options, from restricted stocks are higher than those from stock 
options. Henderson (2002) finds that incentives are maximized when the exercised price 
equals to zero.6 Meulbroek (2001) uses the efficiency metric, rather than delta measure, 
to compare restricted stocks with stock options, and she finds that option efficiency must 
always be less than that of the underlying stock. However, in the high stock volatility 
case, we find most at-the-money and in-the-money stock options have higher incentives 
than restricted stocks. This is because high volatility has negative effect on the stock price 
but it has two countervailing effects on the option value. As a result, among all control 

6 Henderson (2002) defines the delta equal to the derivative of executive value with respective to stock price, which is the 
same as our definition of delta.
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Table 3. The Deltas for Restricted Stocks

Stock 
price

β = 0 β = 1 β = 2
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.800 0.665 0.435 0.840 0.727 0.524 0.880 0.792 0.624
30 0.799 0.664 0.433 0.840 0.726 0.522 0.880 0.791 0.622
50 0.799 0.662 0.431 0.839 0.725 0.520 0.879 0.790 0.620
70 0.798 0.661 0.428 0.839 0.724 0.517 0.879 0.789 0.617
90 0.797 0.660 0.426 0.838 0.723 0.514 0.879 0.789 0.615

Stock 
price

Stock volatility = 30% Stock volatility = 50% Stock volatility = 70%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.967 0.938 0.865 0.840 0.727 0.524 0.700 0.539 0.315
30 0.967 0.938 0.865 0.840 0.726 0.522 0.699 0.537 0.312
50 0.967 0.937 0.864 0.839 0.725 0.520 0.698 0.535 0.309
70 0.967 0.937 0.863 0.839 0.724 0.517 0.696 0.533 0.305
90 0.967 0.937 0.863 0.838 0.723 0.514 0.695 0.530 0.302

Stock 
price

Market return = 10% Market return = 12% Market return = 14%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.826 0.706 0.493 0.840 0.727 0.524 0.853 0.749 0.556
30 0.826 0.705 0.491 0.840 0.726 0.522 0.853 0.748 0.554
50 0.826 0.704 0.489 0.839 0.725 0.520 0.853 0.747 0.552
70 0.825 0.703 0.486 0.839 0.724 0.517 0.852 0.746 0.549
90 0.825 0.702 0.483 0.838 0.723 0.514 0.852 0.745 0.546

Stock 
price

Risk aversion = 1.5 Risk aversion = 2 Risk aversion = 2.5
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.885 0.797 0.619 0.840 0.727 0.524 0.799 0.669 0.455
30 0.885 0.797 0.617 0.840 0.726 0.522 0.798 0.668 0.453
50 0.885 0.796 0.615 0.839 0.725 0.520 0.798 0.666 0.450
70 0.885 0.795 0.613 0.839 0.724 0.517 0.797 0.665 0.447
90 0.884 0.794 0.611 0.838 0.723 0.514 0.796 0.663 0.444

Stock 
price

Risk-free = 4% Risk-free = 6% Risk-free = 8%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.854 0.750 0.559 0.840 0.727 0.524 0.826 0.705 0.492
30 0.854 0.750 0.557 0.840 0.726 0.522 0.826 0.704 0.490
50 0.854 0.749 0.554 0.839 0.725 0.520 0.825 0.703 0.487
70 0.853 0.747 0.552 0.839 0.724 0.517 0.825 0.702 0.485
90 0.853 0.746 0.549 0.838 0.723 0.514 0.824 0.701 0.482

Stock 
price

Personal wealth = 1 million Personal wealth = 5 million Personal wealth = 10 million
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.840 0.726 0.522 0.840 0.727 0.524 0.840 0.728 0.525
30 0.838 0.722 0.512 0.840 0.726 0.522 0.840 0.727 0.523
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Stock 
price

Personal wealth = 1 million Personal wealth = 5 million Personal wealth = 10 million
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

50 0.836 0.718 0.502 0.839 0.725 0.520 0.840 0.726 0.522
70 0.835 0.714 0.493 0.839 0.724 0.517 0.839 0.726 0.521
90 0.833 0.710 0.485 0.838 0.723 0.514 0.839 0.725 0.519

Stock 
price

# of options = 1,000 # of options = 5,000 # of options = 10,000
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.840 0.728 0.525 0.840 0.727 0.524 0.840 0.727 0.524
30 0.840 0.727 0.524 0.840 0.726 0.522 0.839 0.725 0.519
50 0.840 0.727 0.524 0.839 0.725 0.520 0.838 0.723 0.515
70 0.840 0.727 0.523 0.839 0.724 0.517 0.837 0.721 0.510
90 0.840 0.727 0.523 0.838 0.723 0.514 0.837 0.719 0.505

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.902 0.822 0.654 0.840 0.727 0.524 0.780 0.639 0.413
30 0.900 0.819 0.649 0.840 0.726 0.522 0.781 0.639 0.413
50 0.897 0.815 0.643 0.839 0.725 0.520 0.782 0.640 0.412
70 0.895 0.812 0.636 0.839 0.724 0.517 0.783 0.641 0.412
90 0.893 0.808 0.630 0.838 0.723 0.514 0.784 0.642 0.411

Note: The numbers shown in the table are the deltas, the change in the executive’s value per dollar change in 
stock price, from a binomial tree. Under different moneyness and vesting period, we give the different 
value to one variable and keep other variables constant. T is vesting period. The inputs of standard 
case are following: β = 1; stock volatility = 50% (annual standard deviation); market return = 12%; 
risk aversion = 2; risk-free = 6% (discrete annual rate); personal wealth = 5 million; % of stock wealth 
= 50%. Total dollar amount of restricted stocks is equal to the number of stock options multiplying 
with the Black-Scholes values, where the number of stock options (# of Options) in the standard case 
is 5,000. We ignore the dividend effect in the model and set 120 steps per year in the binomial tree. 
We also assume the expected stock return follows the capital asset pricing model (CAPM).

Table 3. The Deltas for Restricted Stocks (continued)

Table 4. The Deltas for Stock Options

Stock 
price

β = 0 β = 1 β = 2
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.101 0.101 0.083 0.151 0.151 0.132 0.215 0.215 0.195
30 0.390 0.373 0.272 0.476 0.465 0.361 0.568 0.563 0.479
50 0.568 0.522 0.356 0.626 0.602 0.457 0.713 0.694 0.579
70 0.671 0.597 0.397 0.705 0.659 0.497 0.776 0.750 0.614
90 0.714 0.631 0.411 0.774 0.706 0.514 0.814 0.780 0.634

Stock 
price

Stock volatility = 30% Stock volatility = 50% Stock volatility = 70%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.101 0.101 0.101 0.151 0.151 0.132 0.264 0.260 0.181
30 0.492 0.492 0.481 0.476 0.465 0.361 0.528 0.491 0.321
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50 0.700 0.700 0.674 0.626 0.602 0.457 0.633 0.563 0.355
70 0.802 0.799 0.762 0.705 0.659 0.497 0.673 0.598 0.368
 90 0.866 0.861 0.815 0.774 0.706 0.514 0.703 0.613 0.369

Stock 
price

Market return = 10% Market return = 12% Market return = 14%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.133 0.133 0.114 0.151 0.151 0.132 0.171 0.171 0.150
30 0.462 0.448 0.339 0.476 0.465 0.361 0.506 0.499 0.406
50 0.627 0.588 0.426 0.626 0.602 0.457 0.657 0.634 0.501
70 0.683 0.634 0.473 0.705 0.659 0.497 0.734 0.691 0.538
90 0.758 0.684 0.485 0.774 0.706 0.514 0.779 0.729 0.556

Stock 
price

Risk aversion = 1.5 Risk aversion = 2 Risk aversion = 2.5
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.204 0.204 0.187 0.151 0.151 0.132 0.118 0.118 0.095
30 0.530 0.524 0.443 0.476 0.465 0.361 0.424 0.411 0.309
50 0.672 0.658 0.540 0.626 0.602 0.457 0.591 0.552 0.397
70 0.744 0.715 0.581 0.705 0.659 0.497 0.687 0.621 0.434
90 0.790 0.755 0.603 0.774 0.706 0.514 0.728 0.652 0.453

Stock 
price

Risk-free = 4% Risk-free = 6% Risk-free = 8%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.148 0.148 0.129 0.151 0.151 0.132 0.153 0.153 0.134
30 0.482 0.472 0.371 0.476 0.465 0.361 0.469 0.458 0.350
50 0.638 0.615 0.475 0.626 0.602 0.457 0.616 0.591 0.438
70 0.720 0.677 0.520 0.705 0.659 0.497 0.690 0.642 0.475
90 0.774 0.725 0.540 0.774 0.706 0.514 0.760 0.686 0.488

Stock 
price

Personal wealth = 1 million Personal wealth = 5 million Personal wealth = 10 million
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.139 0.139 0.119 0.151 0.151 0.132 0.153 0.152 0.134
30 0.403 0.392 0.304 0.476 0.465 0.361 0.483 0.477 0.374
50 0.561 0.512 0.360 0.626 0.602 0.457 0.643 0.617 0.480
70 0.641 0.561 0.381 0.705 0.659 0.497 0.734 0.689 0.528
90 0.668 0.574 0.387 0.774 0.706 0.514 0.784 0.731 0.549

Stock 
price

# of options = 1,000 # of options = 5,000 # of options = 10,000
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.154 0.154 0.135 0.151 0.151 0.132 0.147 0.147 0.128
30 0.490 0.483 0.384 0.476 0.465 0.361 0.450 0.437 0.340
50 0.658 0.633 0.497 0.626 0.602 0.457 0.605 0.567 0.421
70 0.755 0.713 0.547 0.705 0.659 0.497 0.692 0.629 0.452
90 0.806 0.756 0.577 0.774 0.706 0.514 0.721 0.648 0.469

Table 4. The Deltas for Stock Options (continued)

Stock 
price

Stock volatility = 30% Stock volatility = 50% Stock volatility = 70%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5
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variables, stock volatility might be the most important one that can change the magnitude 
of incentive effect dramatically between restricted stocks and stock options.

Second, the incentives slightly decrease with stock prices for all restricted stocks but 
significantly increase with stock prices for all stock options. This means that in-the-money 
stock options have higher incentives than out-of-the-money options. Jin and Meulbroek 
(2001) show that the incentive of a hypothetical underwater option decreases when stock 
prices fall dramatically in 2000. However, they also find that private option delta did not 
decrease during the same period. Even though we use the same incentive metric as they 
do, we cannot get the same result. One possible explanation is because we give different 
value for one variable at a time and keep other variables the same as standard case but they 
take the changes of volatility and beta in 2000 into account simultaneously.7 From beta 
and stock volatility cases in Table 4, we find that the higher beta or higher volatility cases 
have higher incentives in all deep out-of-the-money stock options, i.e., SP = 10. Therefore, 
even though the incentives of underwater stock options decrease with the stock price, the 
magnitude may become smaller in the circumstance of higher beta and stock volatility.

Third, risk aversion and percentage of stock wealth have negative relations with 
incentives. Hall and Murphy (2002) show these results under the same model and metric 
as we use. However, we take early exercise into account and find these relations still 
hold.8 This robustness check confirms the relations even when early exercise is allowed. 
In addition, the number of granted stocks or options also has a negative relation with 
incentive. Because we compute the delta for a single stock or option, we get this negative 
relation. If we multiply the delta by the number of granted stocks or options to get the lump 

7 Lambert et al. (1991) encounter the same limitation as we do here and they mention the limitation comes from that they 
cannot specify how changes in these exogenous variables in their analysis.

8 Of course early exercise occurs only in stock options. As to restricted stocks, executives can sell them anytime they want 
after the vesting period.

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.228 0.228 0.210 0.151 0.151 0.132 0.097 0.096 0.076
30 0.559 0.555 0.475 0.476 0.465 0.361 0.396 0.382 0.262
50 0.691 0.675 0.569 0.626 0.602 0.457 0.573 0.529 0.348
70 0.762 0.732 0.598 0.705 0.659 0.497 0.664 0.602 0.392
90 0.795 0.756 0.618 0.774 0.706 0.514 0.734 0.637 0.417

Note: The numbers shown in the table are the deltas, the change in the executive’s value per dollar change in 
stock price, from a binomial tree. Under different moneyness and vesting period, we give the different 
value to one variable and keep other variables constant. T is vesting period. The inputs of standard 
case are following: β = 1; stock volatility = 50% (annual standard deviation); market return = 12%; 
risk aversion = 2; risk-free = 6% (discrete annual rate); personal wealth = 5 million; % of stock wealth 
= 50%. We ignore the dividend effect in the model and set monthly time steps for 10 years maturity 
in the binomial tree. We also assume the expected stock return follows the capital asset pricing model 
(CAPM). All early exercise proceeds are invested in risk-free bonds.

Table 4. The Deltas for Stock Options (continued)
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sum incentives, or the portfolio incentive, then we will get the positive relation between 
number of stock or options and lump sum incentives. As to the positive relation between 
market return and incentives, Jenter (2001) mentions a similar relation in the definition of 
Lever 2.9 He shows that Lever 2, is close to the pay-for-performance sensitivity and will 
increase when the economy has exogenous and positive shock. Therefore, we consider the 
higher market return a kind of positive shock that increases the incentives of stock-based 
compensation.

Finally, most cases of delta measures, except change in stock volatility, have the 
same pattern with respect to moneyness and vesting period between restricted stocks and 
stock options because a restricted stock can be viewed as a stock option with an exercise 
price equals to zero. In sum, stock beta, market return and personal wealth have a positive 
relationship with delta measure. Risk aversion, risk-free rate, number of granted stocks or 
options, and percentage of stock wealth have a negative relationship with delta.

4.2. Incentive Effect Under Modified Delta Measure
We compare the incentive of stock options with that of restricted stocks by following 

Cao and Wei’s (2008) suggestion and compare their relative changes, which is the modified 
delta. Therefore, we also compute the modified delta of stock options and restricted stocks. 
The modified delta is defined as the original delta divided by the executive’s value, which 
is equal to the elasticity divided by the stock price. For example, if the original delta is 0.5 
and the executive’s value of the stock option is $50, then the modified delta is 0.5 ÷ 50 = 
0.01. Under modified delta measure, we compare the incentives between stock options 
and restricted stocks. Table 5 summarizes the modified delta of stock options. As to the 
modified delta of restricted stocks, they are very close to the reciprocal of the current stock 
price, which are 10%, 3.33%, 2%, 1.43%, and 1.11%, when stock price equals to $10, 
$30, $50, $70, and $90, respectively. To represent more accurate measure, we show the 
modified delta as percentage.

From Table 5, we summarize several findings like we did for the delta measure. First, 
all the modified deltas of stock options are higher than those of restricted stocks and this 
shows the opposite result to the delta measure. Cao and Wei (2008) conclude that options 
are more effective than stocks based on the result of the modified delta. After taking early 
exercise and vesting features into account, the result still holds for all stock options. The 
deviations between the modified deltas of restricted stocks and the reciprocal of current 
stock prices are less than 0.02% for most cases. This incentive measure is more stable for 
restricted stocks than stock options. 

Second, like the delta measure of restricted stocks, the modified deltas decrease with 
the stock prices. However, unlike the delta measure of stock options, the modified deltas 
decrease with the stock prices for all stock options. We find the reason from the definitions 
of these two measures. The modified delta equals to delta divided by the executive’s value. 
Even though the deltas increase with the stock prices, the executive’s values also increase 

9 Lever 2 is a component of incentive measure in Jenter (2001), and it measures how closely the executive’s wealth is tied to 
stock-price performance.
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with the stock prices with greater magnitudes. Therefore, the modified deltas of stock 
options decrease with stock prices. 

Third, our results of the modified deltas show that risk aversion has a positive 
relation with the incentive, the same as Cao and Wei (2008). But, they find that incentive 

Table 5. The Modified Deltas for Stock Options

Stock 
price

β = 0 β = 1 β = 2
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 25.65% 25.63% 24.94% 24.08% 24.08% 23.66% 22.65% 22.64% 22.29%
30 6.90% 6.73% 6.49% 6.40% 6.32% 5.98% 5.91% 5.89% 5.72%
50 3.68% 3.55% 3.37% 3.34% 3.30% 3.15% 3.14% 3.09% 3.02%
70 2.41% 2.31% 2.19% 2.18% 2.12% 2.06% 2.06% 2.03% 1.97%
90 1.71% 1.65% 1.57% 1.64% 1.57% 1.50% 1.52% 1.49% 1.45%

Stock 
price

Stock volatility = 30% Stock volatility = 50% Stock volatility = 70%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 31.24% 31.24% 31.22% 24.08% 24.08% 23.66% 19.19% 19.04% 18.29%
30 7.08% 7.08% 7.02% 6.40% 6.32% 5.98% 5.32% 5.13% 4.96%
50 3.57% 3.57% 3.52% 3.34% 3.30% 3.15% 2.92% 2.77% 2.66%
70 2.29% 2.28% 2.24% 2.18% 2.12% 2.06% 1.93% 1.86% 1.79%
90 1.67% 1.66% 1.63% 1.64% 1.57% 1.50% 1.44% 1.39% 1.32%

Stock 
price

Market return = 10% Market return = 12% Market return = 14%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 24.69% 24.68% 24.08% 24.12% 24.11% 23.69% 23.71% 23.70% 23.08%
30 6.78% 6.66% 6.30% 6.41% 6.33% 5.99% 6.24% 6.20% 6.01%
50 3.57% 3.46% 3.25% 3.34% 3.30% 3.16% 3.29% 3.24% 3.15%
70 2.23% 2.17% 2.15% 2.18% 2.12% 2.06% 2.16% 2.10% 2.04%
90 1.67% 1.61% 1.54% 1.64% 1.58% 1.50% 1.58% 1.54% 1.49%

Stock 
price

Risk aversion = 1.5 Risk aversion = 2 Risk aversion = 2.5
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 22.15% 22.15% 21.76% 24.08% 24.08% 23.66% 25.88% 25.85% 24.84%
30 5.91% 5.87% 5.65% 6.40% 6.32% 5.98% 6.63% 6.53% 6.40%
50 3.16% 3.13% 3.00% 3.34% 3.30% 3.15% 3.49% 3.39% 3.30%
70 2.09% 2.05% 1.98% 2.18% 2.12% 2.06% 2.29% 2.20% 2.12%
90 1.54% 1.52% 1.46% 1.64% 1.57% 1.50% 1.65% 1.59% 1.54%

Stock 
price

Risk-free = 4% Risk-free = 6% Risk-free = 8%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 24.48% 24.47% 24.03% 24.08% 24.08% 23.66% 23.69% 23.68% 23.25%
30 6.46% 6.38% 6.09% 6.40% 6.32% 5.98% 6.35% 6.26% 5.87%
50 3.36% 3.32% 3.20% 3.34% 3.30% 3.15% 3.34% 3.29% 3.10%
70 2.19% 2.14% 2.08% 2.18% 2.12% 2.06% 2.17% 2.11% 2.04%
90 1.61% 1.58% 1.51% 1.64% 1.57% 1.50% 1.64% 1.56% 1.48%
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effects increase with the percentage of the employee’s total wealth in the restricted stock, 
which is different from our result for percentage of stock wealth in Table 5. Actually, we 
use a different assumption from theirs in the relation between vesting period and time to 
maturity.10 To verify the reason for this result, we make the time to maturity coincide with 
the vesting periods and generate the modified delta again in Table 6.

10 They assume the time to maturity for all stock options coincides with the options’ vesting periods. Because of this different 
assumption, our result for percentage of stock wealth is different from theirs. If we follow their assumption, then we obtain 
the same result as they do.

Stock 
price

Personal wealth = 1 million Personal wealth = 5 million Personal wealth = 10 million
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 23.94% 23.92% 23.21% 24.08% 24.08% 23.66% 24.14% 24.13% 23.72%
30 6.19% 6.11% 5.89% 6.40% 6.32% 5.98% 6.37% 6.34% 6.04%
50 3.46% 3.30% 3.02% 3.34% 3.30% 3.15% 3.35% 3.29% 3.20%
70 2.29% 2.15% 1.97% 2.18% 2.12% 2.06% 2.21% 2.15% 2.10%
90 1.63% 1.53% 1.43% 1.64% 1.57% 1.50% 1.62% 1.57% 1.52%

Stock 
price

# of options = 1,000 # of options = 5,000 # of options = 10,000
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 24.18% 24.17% 23.76% 24.08% 24.08% 23.66% 24.02% 24.02% 23.54%
30 6.37% 6.34% 6.08% 6.40% 6.32% 5.98% 6.28% 6.17% 5.89%
50 3.37% 3.31% 3.23% 3.34% 3.30% 3.15% 3.37% 3.26% 3.09%
70 2.24% 2.17% 2.11% 2.18% 2.12% 2.06% 2.24% 2.14% 2.01%
90 1.63% 1.59% 1.55% 1.64% 1.57% 1.50% 1.60% 1.53% 1.47%

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 29.65% 29.65% 29.58% 24.08% 24.08% 23.66% 19.90% 19.82% 19.04%
30 7.33% 7.32% 7.24% 6.40% 6.32% 5.98% 5.47% 5.30% 5.09%
50 3.71% 3.70% 3.64% 3.34% 3.30% 3.15% 3.00% 2.86% 2.74%
70 2.31% 2.29% 2.23% 2.18% 2.12% 2.06% 1.98% 1.91% 1.85%
90 1.69% 1.67% 1.64% 1.64% 1.57% 1.50% 1.46% 1.41% 1.34%

Note: The numbers shown in the table are the modified deltas, the original delta divided by the certainty 
equivalent, from a binomial tree. Under different moneyness and vesting period, we give the 
different value to one variable and keep other variables constant. T is vesting period. The inputs of 
standard case are following: β = 1; stock volatility = 50% (annual standard deviation); market return 
= 12%; risk aversion = 2; risk-free = 6% (discrete annual rate); personal wealth = 5 million; % of 
stock wealth = 50%; Total dollar amount of restricted stocks is equal to the number of stock options 
multiplying with the Black–Scholes values, where the number of stock options (# of Options) in the 
standard case is 5,000. We ignore the dividend effect in the model and set monthly time steps for 
10 years maturity in the binomial tree. We also assume the expected stock return follows the capital 
asset pricing model (CAPM).

Table 5. The Modified Deltas for Stock Options (continued)
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From Table 6, we find the same pattern as found by Cao and Wei (2008) by changing 
the percent of stock wealth. Hence, the assumption that maturity equals to vesting period 
is crucial in the relation between the percentage of stock wealth and the incentives. Under 
more realistic assumption, the relation should be the higher percentage of stock wealth, the 
lower the incentives, because executives bear too much firm-specific risk but are rewarded 
only for market risk. Jenter (2002) mentions that stock-based compensation appears less 
efficient than it is when we ignore the executives’ ability to adjust the risk exposure of their 
private portfolio. 

Finally, in sum, we find that the stock beta, volatility, market return, risk-free rate, 
percentage of stock wealth, and number of granted options with five-year vesting have 
negative relation with the modified delta. Only risk aversion and personal wealth with five 
years vesting have positive relation with the modified delta. Due to the different incentive 
measures, we get the different results from those of the delta measure in the cases of 
different betas, market returns and risk aversions, even though we use the same valuation 
model. Based on this finding, we conclude that one reason for the different incentive 
results is the different incentive measures. 

From Tables 3–5, we find two interesting results. First, under delta measure, almost 
all restricted stocks have higher incentives than stock options, because a restricted stock has 
an exercise price of zero. Second, under the modified delta measure, all stock options have 
higher incentives than those of the restricted stocks, because the magnitude of change in 
the executive’s value of a stock option is higher than that of a restricted stock. The biggest 
differences of deltas are in the deep out-of-the-money cases. The greatest magnitudes of 
changes in the executive’s values of restricted stocks or stock options are in the low stock price 
cases. Therefore, we conclude that the difference of magnitude of change in executive’s value 
dominates the difference of change in the delta in our simulated sample. 

Table 6. The Modified Deltas from Stock Options with Different Percentage of  
Stock Wealth

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.637 0.450 0.292 0.645 0.460 0.303 0.650 0.467 0.309 
30 0.159 0.103 0.084 0.167 0.109 0.093 0.173 0.113 0.100 
50 0.062 0.049 0.038 0.065 0.053 0.042 0.068 0.056 0.045 
70 0.036 0.031 0.025 0.038 0.033 0.028 0.040 0.036 0.031 
90 0.023 0.021 0.018 0.025 0.023 0.019 0.026 0.024 0.021 

Note: The numbers shown in the table are the modified deltas, the original delta divided by the certainty 
equivalent, from a binomial tree. Under different moneyness and vesting period, we give the 
different value to one variable and keep other variables constant. T is vesting period and time to 
maturity is equal to the vesting period. The inputs of standard case are following: % of stock wealth 
= 50%. We ignore the dividend effect in the model and set monthly time steps in the binomial tree. 
We also assume the expected stock return follows the capital asset pricing model (CAPM). All early 
exercise proceeds are invested in risk-free bonds.
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4.3. Incentive Effect Under Liquidity Effect Measure
There are many literatures that separate the firm cost from the executive’s value of 

stock-based compensation.11 Since there is no unanimous answer for whether firm cost is 
equal to the executive value, we adopt an alternative way to look at this issue (see Chance 
& Yang, 2007). The cost to the firm is equal the executive’s value and difference between 
market value and the executive’s value is the liquidity discount. Due to the vesting 
constraint and non-transferability of the stock options and restricted stocks, the executive’s 
value has a great probability to be lower than its market counterpart. From Pratt (1964), we 
use the well-known relation between certainty equivalent and risk premium and apply it 
into the executive’s value:

The executive’s value = E(Market value) – Risk premium, (6)

where E(Market Value) is equal to sum of the value of previous period and the expected 
payoff of this period. In the stock option case, we rewrite the relation as:

The executive’s value = Black–Scholes value – Liquidity discount. (7)

Or, we substitute current stock price for Black–Scholes value in the restricted 
stock cases. We assume both the Black–Scholes value and the current stock price are the 
expected market values of the free-traded stock option and firm stock. Then, we obtain the 
executive’s value by subtracting liquidity discount, caused by the restrictions in executive 
compensation, from these market values. Differentiating Equation (7) with respect to stock 
price and rearrange it, we have 

∂ Liquidity siscount
∂ P  = ∂ Black–Scholes value

∂ P  – ∂ The executive’s value
∂ P . (8)

From the concept of certainty equivalent in Pratt (1964) and an application in Guay 
(1999), we define the left hand side in Equation (8) as the liquidity effect to show the 
influence of vesting period and other factors, which affect the liquidity discount, on the 
executive’s expected utilities when stock price changes. We view the liquidity effect, the 
change of liquidity discount per dollar stock price change, as an incentive measure. As to 
the first component of the right hand side, we refer to as the wealth effect, which captures 
the change in expected value of a stock option or restricted stock. It is obvious that the 
wealth effect of a restricted stock is equal to one. The wealth effect of a stock option is 
less than one due to the convex payoff of a stock option. Therefore the upper bound of the 
wealth effect is equal to one. The second term of the right hand side is the definition of the 
delta measure we used before. 

From the delta measure, we know the higher the delta measure, the higher the 

11 Interested readers can take reference from Ingersoll (2006), Carpenter (1998), Meulbroek (2001), and Henderson (2002). 
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incentive effect. Under the same rationale, the executive dislikes the liquidity discount. 
Therefore, we conclude that the incentive effect has a negative relation with the liquidity 
effect. This means that the higher the liquidity effect, the lower the incentive effect. In 
addition, we compare the liquidity effect and liquidity discount of a restricted stock and a 
stock option and find that the higher liquidity discount, the higher the liquidity effect. We 
know there are many factors that affect the liquidity discount, such as vesting period, risk 
aversion, and percentage of stock wealth. Therefore, we conclude that the liquidity effect is 
a more appropriate incentive measure than the delta or the modified delta in the comparison 
of incentives between restricted stocks and stock options. Meanwhile, it can get rid of the 
shortcomings of the delta and the modified delta measure. We define the liquidity effect as 
the change of liquidity discount with respect to one dollar change in the current stock price. 
Table 7 and Table 8 summarize the liquidity effect of stock options and restricted stocks.

There is a consistent pattern of the liquidity effect in Table 7. Most cases, except high 
percentage of stock wealth, show that the liquidity effect increases with the stock price. This 
means that incentive effect of restricted stocks decrease with the stock price. However, if the 
executive’s wealth is highly tied with the stock performance, the result is reversed.12 When 
the executive have high stock wealth and cannot diversify the risk exposure, they will try 

12 We also compute the liquidity effect for 100% stock wealth and the result shows the same pattern with 67% stock wealth. 

Table 7. The Liquidity Effect for Restricted Stocks

Stock 
price

β = 0 β = 1 β = 2
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.200 0.335 0.565 0.160 0.273 0.476 0.120 0.208 0.376
30 0.201 0.336 0.567 0.160 0.274 0.478 0.120 0.209 0.378
50 0.201 0.338 0.569 0.161 0.275 0.480 0.121 0.210 0.380
70 0.202 0.339 0.572 0.161 0.276 0.483 0.121 0.211 0.383
90 0.203 0.340 0.574 0.162 0.277 0.486 0.121 0.211 0.385

Stock 
price

Stock volatility = 30% Stock volatility = 50% Stock volatility = 70%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.033 0.062 0.135 0.160 0.273 0.476 0.300 0.461 0.685
30 0.033 0.062 0.135 0.160 0.274 0.478 0.301 0.463 0.688
50 0.033 0.063 0.136 0.161 0.275 0.480 0.302 0.465 0.691
70 0.033 0.063 0.137 0.161 0.276 0.483 0.304 0.467 0.695
90 0.033 0.063 0.137 0.162 0.277 0.486 0.305 0.470 0.698

Stock 
price

Market return = 10% Market return = 12% Market return = 14%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.174 0.294 0.507 0.160 0.273 0.476 0.147 0.251 0.444
30 0.174 0.295 0.509 0.160 0.274 0.478 0.147 0.252 0.446
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50 0.174 0.296 0.511 0.161 0.275 0.480 0.147 0.253 0.448
70 0.175 0.297 0.514 0.161 0.276 0.483 0.148 0.254 0.451
90 0.175 0.298 0.517 0.162 0.277 0.486 0.148 0.255 0.454

Stock 
price

Risk aversion = 1.5 Risk aversion = 2 Risk aversion = 2.5
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.115 0.203 0.381 0.160 0.273 0.476 0.201 0.331 0.545
30 0.115 0.203 0.383 0.160 0.274 0.478 0.202 0.332 0.547
50 0.115 0.204 0.385 0.161 0.275 0.480 0.202 0.334 0.550
70 0.115 0.205 0.387 0.161 0.276 0.483 0.203 0.335 0.553
90 0.116 0.206 0.389 0.162 0.277 0.486 0.204 0.337 0.556

Stock 
price

Risk-free = 4% Risk-free = 6% Risk-free = 8%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.146 0.250 0.441 0.160 0.273 0.476 0.174 0.295 0.508
30 0.146 0.250 0.443 0.160 0.274 0.478 0.174 0.296 0.510
50 0.146 0.251 0.446 0.161 0.275 0.480 0.175 0.297 0.513
70 0.147 0.253 0.448 0.161 0.276 0.483 0.175 0.298 0.515
90 0.147 0.254 0.451 0.162 0.277 0.486 0.176 0.299 0.518

Stock 
price

Personal wealth = 1 million Personal wealth = 5 million Personal wealth = 10 million
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.160 0.274 0.478 0.160 0.273 0.476 0.160 0.272 0.475
30 0.162 0.278 0.488 0.160 0.274 0.478 0.160 0.273 0.477
50 0.164 0.282 0.498 0.161 0.275 0.480 0.160 0.274 0.478
70 0.165 0.286 0.507 0.161 0.276 0.483 0.161 0.274 0.479
90 0.167 0.290 0.515 0.162 0.277 0.486 0.161 0.275 0.481

Stock 
price

# of options = 1,000 # of options = 5,000 # of options = 10,000
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.160 0.272 0.475 0.160 0.273 0.476 0.160 0.273 0.476
30 0.160 0.273 0.476 0.160 0.274 0.478 0.161 0.275 0.481
50 0.160 0.273 0.476 0.161 0.275 0.480 0.162 0.277 0.485
70 0.160 0.273 0.477 0.161 0.276 0.483 0.163 0.279 0.490
90 0.160 0.273 0.477 0.162 0.277 0.486 0.163 0.281 0.495

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.098 0.178 0.346 0.160 0.273 0.476 0.220 0.361 0.587
30 0.100 0.181 0.351 0.160 0.274 0.478 0.219 0.361 0.587
50 0.103 0.185 0.357 0.161 0.275 0.480 0.218 0.360 0.588

Table 7. The Liquidity Effect for Restricted Stocks (continued)

Stock 
price

Market return = 10% Market return = 12% Market return = 14%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

台灣管理學刊18(2)-01 Shih.indd   20 2019/3/21   下午 01:00:12



 台 灣 管 理 學 刊

 第 18 卷  第 2 期，2018 年 8 月  21

Table 8. The Liquidity Effect for Stock Options

Stock 
price

β = 0 β = 1 β = 2
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.435 0.435 0.452 0.374 0.374 0.393 0.317 0.317 0.337
30 0.385 0.402 0.503 0.304 0.315 0.419 0.222 0.227 0.311
50 0.301 0.346 0.512 0.246 0.270 0.415 0.165 0.184 0.299
70 0.232 0.306 0.506 0.201 0.247 0.408 0.136 0.161 0.296
90 0.217 0.300 0.519 0.161 0.226 0.418 0.122 0.156 0.301

Stock 
price

Stock volatility = 30% Stock volatility = 50% Stock volatility = 70%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.161 0.161 0.162 0.374 0.374 0.393 0.457 0.461 0.539
30 0.183 0.183 0.193 0.304 0.315 0.419 0.343 0.380 0.551
50 0.139 0.140 0.165 0.246 0.270 0.415 0.273 0.342 0.551
70 0.109 0.112 0.148 0.201 0.247 0.408 0.260 0.335 0.564
90 0.089 0.095 0.138 0.161 0.226 0.418 0.250 0.340 0.584

Stock 
price

Market return = 10% Market return = 12% Market return = 14%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.430 0.430 0.449 0.374 0.374 0.393 0.375 0.375 0.396
30 0.351 0.365 0.474 0.304 0.315 0.419 0.295 0.301 0.394
50 0.230 0.269 0.431 0.246 0.270 0.415 0.229 0.252 0.384
70 0.240 0.289 0.450 0.201 0.247 0.408 0.183 0.225 0.378
90 0.179 0.252 0.451 0.161 0.226 0.418 0.162 0.212 0.384

Stock 
price

Risk aversion = 1.5 Risk aversion = 2 Risk aversion = 2.5
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.320 0.321 0.337 0.374 0.374 0.393 0.407 0.407 0.430
30 0.250 0.256 0.336 0.304 0.315 0.419 0.357 0.370 0.471

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

70 0.105 0.188 0.364 0.161 0.276 0.483 0.217 0.359 0.588
90 0.107 0.192 0.370 0.162 0.277 0.486 0.216 0.358 0.589

Note: The numbers shown in the table are the liquidity effect, the change in illiquid discount per dollar 
change in stock price, from a binomial tree. Under different moneyness and vesting period, we 
give the different value to one variable and keep other variables constant. T is vesting period. The 
inputs of standard case are following: β = 1; stock volatility = 50% (annual standard deviation); 
market return = 12%; risk aversion = 2; risk-free = 6% (discrete annual rate); personal wealth = 5 
million; % of stock wealth = 50%. Total dollar amount of restricted stocks is equal to the number of 
stock options multiplying with the Black-Scholes values, where the number of stock options (# of 
Options) in the standard case is 5,000. We ignore the dividend effect in the model and set 120 steps 
per year in the binomial tree. We also assume the expected stock return follows the capital asset 
pricing model (CAPM).

Table 7. The Liquidity Effect for Restricted Stocks (continued)
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50 0.199 0.213 0.331 0.246 0.270 0.415 0.281 0.320 0.475
70 0.161 0.190 0.323 0.201 0.247 0.408 0.219 0.285 0.471
90 0.143 0.179 0.328 0.161 0.226 0.418 0.205 0.280 0.479

Stock 
price

Risk-free = 4% Risk-free = 6% Risk-free = 8%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.329 0.329 0.348 0.374 0.374 0.393 0.419 0.419 0.438
30 0.262 0.272 0.373 0.304 0.315 0.419 0.344 0.356 0.462
50 0.208 0.231 0.371 0.246 0.270 0.415 0.279 0.304 0.455
70 0.165 0.208 0.365 0.201 0.247 0.408 0.233 0.281 0.447
90 0.143 0.192 0.376 0.161 0.226 0.418 0.186 0.259 0.456

Stock 
price

Personal wealth = 1 million Personal wealth = 5 million Personal wealth = 10 million
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.386 0.386 0.406 0.374 0.374 0.393 0.372 0.372 0.391
30 0.377 0.388 0.477 0.304 0.315 0.419 0.297 0.303 0.406
50 0.311 0.361 0.513 0.246 0.270 0.415 0.229 0.254 0.391
70 0.265 0.345 0.525 0.201 0.247 0.408 0.172 0.216 0.377
90 0.265 0.359 0.545 0.161 0.226 0.418 0.149 0.202 0.382

Stock 
price

# of options = 1,000 # of options = 5,000 # of options = 10,000
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.371 0.371 0.390 0.374 0.374 0.393 0.377 0.377 0.397
30 0.291 0.297 0.397 0.304 0.315 0.419 0.330 0.343 0.441
50 0.214 0.239 0.374 0.246 0.270 0.415 0.267 0.305 0.451
70 0.151 0.192 0.358 0.201 0.247 0.408 0.214 0.277 0.454
90 0.126 0.176 0.354 0.161 0.226 0.418 0.211 0.285 0.463

Stock 
price

% of stock wealth = 33% % of stock wealth = 50% % of stock wealth = 67%
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5

10 0.297 0.297 0.315 0.374 0.374 0.393 0.428 0.428 0.449
30 0.221 0.225 0.304 0.304 0.315 0.419 0.385 0.399 0.519
50 0.181 0.196 0.302 0.246 0.270 0.415 0.300 0.343 0.524
70 0.143 0.173 0.306 0.201 0.247 0.408 0.243 0.304 0.514
90 0.137 0.175 0.313 0.161 0.226 0.418 0.199 0.296 0.515

Note: The numbers shown in the table are the liquidity effect, the change in illiquid discount per dollar 
change in stock price, from a binomial tree. Under different moneyness and vesting period, we give 
the different value to one variable and keep other variables constant. T is vesting period. The inputs 
of standard case are following: β = 1; stock volatility = 50% (annual standard deviation); market 
return = 12%; risk aversion = 2; risk-free = 6% (discrete annual rate); personal wealth = 5 million; % 
of stock wealth = 50%. We ignore the dividend effect in the model and set monthly time steps for 10 
years maturity in the binomial tree. We also assume the expected stock return follows the capital asset 
pricing model (CAPM). All early exercise proceeds are invested in risk-free bonds.

Table 8. The Liquidity Effect for Stock Options (continued)

Stock 
price

Risk aversion = 1.5 Risk aversion = 2 Risk aversion = 2.5
T = 1 T = 2 T = 5 T = 1 T = 2 T = 5 T = 1 T = 2 T = 5
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harder to increase the stock price, even though the stock price is already at a high level, than 
the executive with low stock wealth does. On the other hand, there is no similar pattern for 
the stock options. Therefore, stock options have a more complicated relationship with the 
stock price, due to early exercises feature, than restricted stocks.13

From the first finding of the delta measure, we know most of the deltas from 
restricted stocks are higher than those from stock options. In addition, it is easy to verify 
that the wealth effect of restricted stocks is higher than that of stock options. Therefore, 
there is no consistent magnitude of the liquidity effect between restricted stocks and stock 
options. Table 7 and Table 8 show this result clearly. This result verifies our previous 
statement that exercise price alone cannot guarantee the maximum of the liquidity effect. 
Moreover, we also show the wealth effect for stock options in Table 9.14 From these results, 
we know that all the wealth effects in our simulated sample dominate the liquidity effects, 
either for restricted stocks or stock options. Based on the wealth effect only, all firms will 
grant restricted stocks to pursue the higher incentives. This is also the main reason why a 
restricted stock has a higher delta.

From Table 7, we find that there is a negative relation between the incentives and 
risk aversion. The more risk averse an executive is, the lower the incentive will be. Even 
though the delta measure can get the same result, we show that this result comes from the 
liquidity effect rather than wealth effect. Moreover, our result in Table 8 shows that the 
reason for the positive relation between the modified delta and risk aversion is because the 
magnitude of change in the relative wealth effect dominates that in the relative liquidity 
effect. For example, the executive’s values of the at-the-money stock option are $18.75 
and $16.96 when risk aversion are 2 and 2.5 respectively, and T = 1. From Table 8, the 
liquidity effects are 0.246 and 0.281 respectively and from Table 9, the wealth effect is 0.873 
for both cases. The relative wealth effects are 0.047 and 0.051 and the relative liquidity 
effects 0.013 and 0.017 respectively. Therefore, from the perspective of an executive, there 
exists a negative relationship, rather than a positive one, between incentive effects and risk 
aversions. Following the same comparison, we explain the inconsistent results between the 
modified delta and the delta under different variable settings, such as beta, stock volatility, 
and personal wealth.

There is a consistent result in the liquidity effect based on the different vesting 
periods. Except the high stock volatility case, all liquidity effects of restricted stocks are 
lower than those of stock options when the vesting period is one year. However, when the 
vesting period is five years, all liquidity effects of restricted stocks, except the low stock 
volatility and low personal wealth cases, are higher than those of stock options. This means 
that based on the measure of liquidity effect, restricted stocks have greater incentives than 

13 When early exercises are not allowed, we find the consistent pattern of the liquidity effect. Hall and Murphy (2003) mention 
that restricted stocks provide relatively stable incentives, whereas incentives of stock options depend on the market price of 
the stock relative to the exercise price.

14 Table 9 does not show the results of different risk aversion, personal wealth, number of stock options, percentage of stock 
wealth, because the wealth effect does not change for different values of these variables. Therefore, those results are the 
same as the standard case we use in this paper.
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stock options with short vesting periods. But in the long vesting period cases, stock options 
can offer greater incentives.

V. Conclusions

We apply the certainty equivalent approach to find the incentive effects from 
restricted stocks and stock options. Based on different incentive measures, the delta and the 
modified delta, we find different incentive effects even though we use the same approach 
and take early exercise and vesting features into account. Under the delta measure, most 
restricted stock cases have higher incentives than stock options. In addition, the incentive 
effects decrease with stock price in all restricted stock cases but increase with stock price 
in all stock option cases. After observing the liquidity effect, we find the reason for the 
negative relation is because restricted stocks have constant wealth effects, equal to one, 
and increasing liquidity effects for the restricted stock cases.

Under the modified delta measure, we find that all stock options in our simulated 
sample have higher incentives than restricted stocks. The incentive effects still decrease with 
stock price for restricted stocks. However, the incentives of stock options change the pattern, 
from increasing to decreasing with stock price. Therefore, we conclude that the magnitude 
of the change in the executive’s value, due to the change in the stock price, dominates that 
of the change in the delta measure. Unlike the delta measure, there is no consistent pattern 
of the incentive effect in different personal wealth cases or different number of options 
cases. Therefore, we conclude that the different incentive measure is one reason for the 
inconsistent result of incentive effects of restricted stocks and stock options.

We decompose the delta measure into two different effects, the wealth effect and 

Table 9. The wealth effect for stock options

Stock 
price

β Stock volatility Market return Risk-free rate
0 1 2 30% 50% 70% 10% 12% 14% 4% 6% 8%

10 0.536 0.524 0.532 0.262 0.524 0.721 0.562 0.524 0.546 0.477 0.524 0.571
30 0.776 0.781 0.791 0.677 0.781 0.872 0.813 0.781 0.801 0.744 0.781 0.814
50 0.870 0.873 0.880 0.843 0.873 0.907 0.858 0.873 0.887 0.846 0.873 0.896
70 0.904 0.907 0.913 0.915 0.907 0.934 0.925 0.907 0.918 0.886 0.907 0.925
90 0.932 0.934 0.938 0.959 0.934 0.954 0.938 0.934 0.943 0.917 0.934 0.948

Note: The numbers shown in the table are the wealth effect, the change in Black–Scholes value per dollar 
change in stock price, from a binomial tree. Under different moneyness and vesting period, we give 
the different value to one variable and keep other variables constant. T is vesting period. The inputs 
of standard case are following: β = 1; stock volatility = 50% (annual standard deviation); market 
return = 12%; risk-free rate = 6% (discrete annual rate). We ignore the dividend effect in the model 
and set monthly time steps for 10 years maturity in the binomial tree. We also assume the expected 
stock return follows the capital asset pricing model (CAPM). All early exercise proceeds are 
invested in risk-free bonds. The cases of different risk aversion, personal wealth, number of granted 
options and percentage of stock wealth have the same wealth effect with standard case.
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the liquidity effect. Doing so, we find not only the reasons for the previous inconsistent 
numerical results, but also the relationships between the incentive effects and the 
executive’s characteristics. The wealth effects of all restricted stocks are higher than those 
of stock options. In addition, the wealth effects of both restricted stocks and stock options 
dominate the liquidity effects. However, our result shows that the liquidity effect is the 
main reason for the inconsistency of the relationship between the incentive effect and the 
executives’ characteristics, such as risk aversion and personal wealth, under the different 
incentive measures. Besides, the different magnitudes between changes in the wealth effect 
and those in the liquidity effects can explain some of the inconsistent incentive results for 
different betas, stock volatilities, and market returns, etc. We also find that the liquidity 
effects increase with stock price in the restricted stock cases but there is no clear pattern in 
the stock option cases.

From our result above, we find that the incentive effects between restricted stocks and 
stock options almost have the same pattern under the liquidity effect measure. Therefore, 
the substitution of restricted stocks for stock options does not have significant effect on 
incentives for the executive. The only consistent result in our simulated sample is that if 
the vesting period is long, such as five years, stock options provide the higher incentives. 
On the other hand, if the vesting period is short, such as one year, restricted stocks provide 
the higher incentives for executives to improve the firm performance. In addition, many 
factors, such as market return and risk-free rate, are beyond the influence of executives or 
firms. Therefore, the substitution may not have a significant effect on the incentives.

There are several aspects related with the incentive measure. Most literature in 
the incentive effect focuses on the executive’s benefit of the compensation and does not 
pay the same attention to the cost of his or her effort. In this paper, the liquidity effect 
measure still stands in the benefit prospective. However, from the optimization theory 
in Economics, the executive either maximizes the benefit under the cost constraint or 
minimizes the cost under the constant benefit. The appropriate incentive measure should 
take the executive’s marginal value of benefit and marginal cost of effort into account. 
Therefore, finding a better incentive measure should be the major direction in the future 
incentive research.
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股權相關薪酬之誘因效果： 
以經理人角度比較限制性股票與股票選擇權
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摘　要

本文利用確定約當量模型來探討比較經理人股權相關薪酬中，限制性股票
與股票選擇權的誘因效果。模型中數值模擬的結果指出，不同的誘因效果衡量
指標，在兩種薪酬工具所產生的誘因效果並不相同，在 delta 指標中限制性股票
的誘因效果高於股票選擇權，但在修正後的 delta 指標中股票選擇權的誘因效果
卻高於限制性股票。基於衡量指標不同所造成誘因效果的結果不同，本文提出
一個較適當的誘因衡量指標：流動性誘因效果，此指標能解釋上述兩種指標所
產生的不一致結果。最後，以流動性指標研究發現股權相關薪酬的改變，利用
限制性股票來替代股票選擇權，其所造成誘因效果的差異並不顯著。

關鍵詞：誘因效果、股權相關薪酬、股票選擇權、修正後 detla 指標
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