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ABSTRACT
Prior studies have not reasonably explained why executive stock
options (ESOs) encourage innovation through vega rather than
delta. This study re-examines the relationship among vega, delta
and innovation performance when stock prices are informative.
The findings indicate that informative stock prices amplify the
delta effect on encouraging executives to improve innovation per-
formance but that informative prices alleviate the traditional posi-
tive effect of vega on innovation. Moreover, when stock prices
are informative, deep-in-the-money options reduce the positive
effect of delta on innovation, whereas the state control, inde-
pendent directors and manager and director shareholding
enhance (reduce) the positive effect of delta (vega) on innovation.
The results hold after conducting robustness tests.
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1. Introduction

Innovation is a risky investment process that contributes to the long-term develop-
ment of firms (e.g. Hsu et al., 2014). However, executives who greatly invest financial
and human capital in a firm are risk averse and avoid risky innovation (Chu et al.,
2020). Executive stock options (ESOs) are an efficient way to motivate managers to
take risks and engage in innovation. ESOs establish a link between executives’ wealth
and innovation (Chen et al., 2014). Specifically, when valuable innovation enhances
the stock price, executives are rewarded by the increased value of their ESOs, which
is an increasing function of the stock price (delta). Meanwhile, stock return volatility,
which is positively associated with risky innovation, also enhances the value of ESOs
(vega) and executives’ wealth (Armstrong & Vashishtha, 2012).

Although theoretical arguments suggest that ESOs encourage innovation through
both vega and delta, empirical evidence indicates that only vega is positively related
to innovation (Armstrong & Vashishtha, 2012). Chen et al. (2014) argue that vega
leads executives to pursue innovation that generates expected wealth, whereas delta
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rewards executives with current wealth, which prevents them from engaging in innov-
ation. Cohen et al. (2000) show that delta leads executives to pursue short-term
wealth rather than take long-term risks and that traditional types of compensation
(e.g. salaries and bonuses) also offer this kind of motivation. However, these explana-
tions might not be reasonable. High returns often compensate for high risks. If share-
holders are informed of the investment opportunities’ values, they will differentiate
the profitability of low-risk short-term investments from high-risk long-term innov-
ation and incorporate their opinions (information) into stock prices. Therefore,
informative stock prices react positively to risky but value-enhancing innovation proj-
ects (stock price increases) (Ferreira et al., 2011). Increased stock prices enhance ESO
values, which are positively related to executives’ wealth, and induce executives to
pursue risky innovation (Armstrong & Vashishtha, 2012). In this scenario, inform-
ative stock prices enhance executives’ wealth as well as risk-taking incentives.

Although this prediction is reasonable, the link among informative stock prices,
ESOs and innovation has been barely considered. Therefore, this study aims to
explore the effects of vega and delta on firms’ innovation when stock prices are
informative. Using a sample of firms that granted ESOs in the Chinese A-share mar-
ket from 2007 to 2017, the results of this study show that stock price informativeness
enhances the effect of delta on encouraging executives to engage in innovation and
improve firms’ innovation performance. However, price informativeness, which is
negatively associated with noise volatility, mitigates the traditional positive effect of
vega on innovation.

This study focuses on the Chinese market for several reasons. Firstly, Chinese busi-
nesses have significantly increased innovation investments in recent years. From
0.992% in 2007, gross R&D spending for Chinese businesses per GDP hit 1.708% in
2019. The number of patent applications for Chinese businesses also rose from
73,893 in 2007 to 801,813 in 2019.1 This phenomenon can be reasonably explained.
The Chinese government suggested a series of subsidy policies to encourage business
innovation; for instance, Chinese businesses with established accounting mechanisms
enjoy a 75% additional R&D spending deduction when calculating business income
tax. Furthermore, Chinese businesses were aware of innovation’s role in improving
their market competition abilities. Secondly, more Chinese firms are adopting ESO
strategies to motivate managers to take risks (Zhao & Huang, 2013). However, the
Chinese stock market is sometimes driven by noise traders who contribute to noise
volatility (Lin et al., 2014), influencing the formation of ESO values and, therefore,
the effects of ESOs on firm decisions, including innovation.

This study has theoretical and practical contributions. Firstly, the impact of ESOs
on managers’ innovation incentives is of considerable concern because corporate gov-
ernance theories indicate that ESOs are more efficient than traditional compensation
strategies in encouraging managers to engage in innovation (Cohen et al., 2000).
According to governance theories, managers who receive ESOs are keen to engage in
risky innovation, which enhances ESO values by increasing stock return volatility
(vega) (Armstrong & Vashishtha, 2012). However, this study focuses on informative
stock prices, which absorb noise volatility, and demonstrates that with informative
stock prices, volatility might not be the reason why ESOs motivate innovation.
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Conversely, managers are encouraged to enhance risk-taking abilities and accept
innovation projects that create values and improve stock performance (delta).

Secondly, the study contributes to a widely discussed topic in corporate governance
theories: the executive compensation contract design (e.g. Hayes et al., 2012). In prior
studies, higher exercise prices of ESOs make executives sensitive to stock return vola-
tility (vega), whereas lower exercise prices amplify executives’ sensitivity to the stock
price (delta) (Hayes et al., 2012). This study finds that when stock prices are inform-
ative, delta encourages executives to engage in innovation. Hence, lower exercise pri-
ces contribute more to innovation when prices are informative. However, directors
should adjust exercise prices and grant new at-the-money options to renew the delta
incentives of executives in time because deep-in-the-money options weaken the posi-
tive effect of delta on innovation when exercise prices are too low.

Thirdly, this study focuses on China, a fast-growing emerging market, rather than
on developed markets. The Chinese market has experienced rapid growth in ESOs. In
1993, only one firm granted ESOs, whereas between November and December 2010,
over 30 firms announced their ESO plans (Zhao & Huang, 2013). However, unlike
developed markets where information updating is the main driving force of stock
return volatility, the Chinese stock market is sometimes dominated by individual
investors who contribute to noise volatility (Lin et al., 2014). Prior studies have dem-
onstrated that informative stock prices in emerging markets are negatively associated
with noise volatility (Lin et al., 2014). Hence, the Chinese A-share market serves as a
setting where we test how price informativeness reduces the effect of (noise) volatility
on motivating risky innovation.

The rest of this paper is organised as follows. Section 2 provides a brief review of
related literature and outlines the hypotheses. Section 3 describes the data and vari-
able construction. Section 4 presents the empirical results. Section 5 concludes
the study.

2. Literature review and hypothesis development

2.1. ESOs and corporate innovation

According to prior studies, innovation enhances corporate risks due to the long
investment process and the high probability of early failures (Hsu et al., 2014).
Shareholders diversify corporate risks by changing their wealth portfolios, whereas
executives who invest much financial and human capital in a firm need to bear such
risks (Chu et al., 2020). Hence, executives are likely to forgo risky innovation than
shareholders (Chu et al., 2020).

ESOs are an efficient compensation strategy that encourages risk-averse executives
to undertake risky innovation (Cohen et al., 2000). Risky innovation increases invest-
ors’ divergent opinions about firm value, which generates stock return volatility
(Cohen et al., 2000). As stock return volatility enhances the value of ESOs (vega),
executives who are rewarded by the increased ESO value are likely to undertake
innovation (Chen et al., 2014), as suggested by Stepfl in Figure 1. Furthermore, stock
price increases (delta) encourage executives to engage in value-enhancing innovation
(Armstrong & Vashishtha, 2012). Armstrong and Vashishtha (2012) show that delta
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provides executives with an incentive to select positive NPV projects, even if the
investment is risky. If the increase in stock value incurred by profitability compen-
sates for the decrease in stock value that results from risks, delta will encour-
age innovation.

However, empirical studies have not documented a significant positive relationship
between delta and innovation, as suggested by Stepfi in Figure 1 (Cohen et al., 2000).
Chen et al. (2014) note that risk-taking incentives, which encourage innovation,
mainly emerge from vega rather than delta. Chang et al. (2015) show that delta can-
not explain executives’ innovation behaviours when ESOs compensate for them.
Studies have suggested some reasons for this phenomenon. Chen et al. (2014) indicate
that delta, which rewards executives when stock prices increase, causes executives to
pursue low-risk investments, whereas only vega, which is associated with stock return
volatility, prompts executives’ risk-taking behaviours. However, value-enhancing proj-
ects that increase stock prices typically require executives to take risks. Cohen et al.
(2000) argue that, although ESOs create incentives to increase stock prices, traditional
types of compensation, such as salaries and bonuses, also provide such incentives.
However, option-based compensation offers much stronger incentives to increase
stock prices than traditional compensation, because executives who receive ESOs are
encouraged to increase the stock price beyond the exercise price and achieve higher
performance by taking risks (Baixauli-Soler et al., 2015). Consequently, it is unclear
why delta does not affect innovation.

2.2. Stock price informativeness, ESOs and corporate innovation

Informative stock prices are driven by investors who efficiently access and analyse
firm-specific information (Lin et al., 2014; Tiron-Tudor & Achim, 2019). Investors
who are sophisticated in collecting and processing firm-specific information generate
relatively accurate estimations of firms’ investment values, incorporate their estima-
tions into stock prices and improve price informativeness. Hence, informative prices,
which reflect the value of investments, react positively to value-enhancing innovation
projects (Lin et al., 2014). Increased stock prices enlarge the value of ESOs (delta),

Figure 1. Variable relationships.
Source: Authors.
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which is positively related to the wealth of executives who receive ESOs. Executives
whose wealth is enhanced through delta are likely to invest in value-enhancing innov-
ation (Armstrong & Vashishtha, 2012), as suggested by Step� in Figure 1. However,
if risk-averse executives reject valuable innovation investments, informative prices
might show negative reactions that reduce the value of ESOs and the wealth of execu-
tives (Armstrong & Vashishtha, 2012). Thus, executives are punished for their risk-
averse decisions. Accordingly, the following hypothesis is proposed:

H1: Informative stock prices amplify the positive effect of delta on innovation.

The relationship between volatility and price informativeness is inconclusive. Some
studies have indicated that informative prices, which rapidly respond to the release of
information, are sensitive to the information component of volatility (information
volatility) (Lin et al., 2014). That is, when investors efficiently capture and trade on
new information, stock prices absorb such new information promptly. In this scen-
ario, price informativeness is improved, but the process of information absorption
results in volatility (Lin et al., 2014). Therefore, the relationship between price
informativeness and information volatility is positive.

Conversely, some studies documented a negative relationship between the noise
component of volatility and price informativeness (e.g. Lee & Liu, 2011). Lee and Liu
(2011) suggest that noise traders are difficult to capture firm-specific information and
incorporate such information into stock prices, which reduces price informativeness.
Meanwhile, noise traders cannot accurately estimate stock prices, which enhances
noise volatility in stock prices. Lee and Liu (2011) show that when information dis-
closure requirements are enhanced, previous noise traders can capture firm-specific
information, which improves price informativeness and market stability. In this situ-
ation, noise volatility is negatively associated with price informativeness.

Consequently, the relationship between price informativeness and volatility depends
on whether the information or noise component is the dominant one. Lin et al. (2014)
claim that in the A-share market, informative prices enhance the information compo-
nent but reduce the noise component of volatility, wherein the reduction (noise)
exceeds the enhancement (information) in equilibrium, which therefore leads to
decreases in volatility. Lee and Liu (2011) argue that a modest release of information in
stock prices leaves time for noise traders to capture information embodied in stock pri-
ces and trade on such information, thereby improving price informativeness and expe-
riencing lower noise volatility. Meanwhile, a modest release of information is associated
with lower information volatility. Accordingly, when stock prices react slowly to infor-
mation updates (e.g. prices in the A-share market), higher price informativeness is
accompanied by lower (information and noise) volatility (Lin et al., 2014).

As mentioned above, stock return volatility, which enhances ESO values and exec-
utives’ wealth, is positively related to executives’ innovation incentives (vega incen-
tives). Hence, as Step– in Figure 1 suggests, price informativeness, which is
negatively related to stock return volatility in the A-share market, mitigates the trad-
itional positive effect of stock return volatility on innovation (vega). Accordingly, the
following hypothesis is proposed:

H2: Informative stock prices mitigate the positive effect of vega on innovation.
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3. Sample selection and variable measurement

3.1. Sample selection

In this paper, a sample of firms that granted ESOs in the Chinese A-share market
from 2007 to 2017 is used. The initial sample includes 1,813 observations. I only con-
sider the years in which ESOs are not exercised. Financial firms (11 observations) are
excluded as they have special capital structures. Firms that have at least 2-year deficits
(65 observations) and that have missing values for financial data (32 observations)
are excluded from the sample. The final sample consists of 397 firms and 1,705 obser-
vations. The observation selection process is presented in Panel B of Table 1. The
data are obtained from the China Stock Market & Accounting Research data-
base (CSMAR).

3.2. Innovation

Innovation is a long investment process. Prior studies used R&D spending to measure
early innovation investments and adopted patent-related proxies to examine innov-
ation products (Hsu et al., 2014). However, Chinese accounting regulations do not
require listed firms to disclose their early R&D spending in financial reports, and
many Chinese firms hide such spending because of fierce technological competition.
Accordingly, using R&D spending as a measure causes a severe missing data problem.
In this study, the number of annual patent applications (granted or valid patents)2 is
used to estimate the innovation performance of firms (Applications, Granted and
Valid) (e.g. Hsu et al., 2014).

Table 1. Summary statistics and observation selection.
A

Variables Observations Mean Std. Dev. Min Max

Applications 1,705 217.829 613.450 0 4798
Granted 1,705 141.500 371.700 0 2812
Valid 1,705 521.733 1286.715 0 9006
Vega 1,705 0.009 0.012 0 0.047
Delta 1,705 0.006 0.009 0 0.043
Informativeness 1,705 0.489 0.500 0 1
1�ln R2i

1�R2i

� �
Informativeness ¼ 1 833 1.863 0.368 1.609 6.318
Informativeness ¼ 0 872 1.364 0.173 0.857 1.607

Assets 1,705 22.264 1.120 19.807 25.861
Leverage 1,705 0.422 0.191 0.052 0.948
Cash 1,705 0.187 0.114 0.0100 0.657
B/M 1,705 0.530 0.222 0.118 1.034
Sales 1,705 0.648 0.424 0.121 2.454
PPE 1,705 0.181 0.133 0.002 0.559
Cash compensation 1,705 14.518 0.756 12.793 16.664
Age 1,705 14.317 5.360 3 29
Return 1,705 0.270 0.678 �0.597 2.931
ROA 1,705 0.066 0.052 �0.228 0.236
B
Initial sample (1,813 obs.) Non-ST (1,748) Non-financial (1,737) Without missing (1,705)

Missing financial data (32)
Financial (11)

ST (65)

Source: Authors.
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3.3. Vega and delta incentives

This study seeks to differentiate between vega and delta incentives when stock prices
are informative. Following Chen et al. (2014), I adopt the dividend-adjusted Black
and Scholes (1973) formula by Merton (1973) to estimate the value of European call
options:

Option value ¼ Se�rTN d1ð Þ � Xe�rTNðd2Þ

where S represents the year-end underlying stock price; X denotes the option’s
exercise price; r captures ln(1þ risk-free interest rate), where the risk-free interest
rate is the one-year current deposit interest rate; r is the annual standard devi-
ation of cash dividends reinvested daily stock returns; T denotes the remaining
time to expiration estimated in years; N(.) is the cumulative probability of the

standard normal distribution; d1 ¼ ln S
X

� �þ T r � dþ r2
2

� �h i
=r

ffiffiffiffi
T

p
; and d2 ¼

d1 � r
ffiffiffiffi
T

p
, where d represents ln(1þ expected dividend rate), where the expected

dividend rate is calculated as the annual dividend paid per share divided by the
year-end stock price.

Vega is calculated as

@Option value
@r

� �
� 0:01 ¼ e�dTN 0 d1ð ÞS

ffiffiffiffi
T

p
� 0:01:

Delta is estimated as

@Option value
@S

� �
� S� 0:01½ � ¼ e�dTN 0 d1ð Þ � S� 0:01½ �:

3.4. Stock price informativeness

In the study, 1 minus the synchronicity proxy is used to estimate price informative-
ness. Synchronicity, which captures market information, is negatively related to firm-
specific information embodied in stock prices and defined as the stock return’s
sensitivity to domestic and foreign market returns in current and previous years (Li
et al., 2015). The Chinese A-share index return is used to measure domestic market
return, and the Hang Seng index return is used to estimate foreign market return.
The Hang Seng index return is adopted because market open policies, such as the
Shanghai–Hong Kong Stock Connect programme, have built a significant interrela-
tionship between A-share and Hong Kong markets, and most firms in the A-share
market consider the Hong Kong market as their first choice for cross-listing. The syn-
chronicity proxy is estimated using the equation below:

Ri, t ¼ b1 þ b2RA, t þ b3RA, t�1 þ b4RH, t þ b5RH, t�1 þ ei, t (1)
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where i denotes firm, t reflects year and ei, t is an error term. Ri, RA and RH are cash
dividends reinvested daily stock returns of individual firms, the A-share index and
the Hang Seng index, respectively. The estimation process is repeated based on firms.
R2 is abstracted from the equation and defines the synchronicity proxy as ln R2

i
1�R2

i

� �
(Li et al., 2015). Hence, price informativeness is measured as 1-ln R2

i
1�R2

i

� �
: The study

introduces a dummy variable equalling 1 if 1-ln R2
i

1�R2
i

� �
is higher than the sample

median (Informativeness), suggesting high price informativeness.

3.5. Control variables

This study controls firm size (Assets) and firm age (Age) because large and old firms
enjoy technological and financial advantages crucial for innovation success (Chen
et al., 2014). The financial leverage (Leverage) is controlled because leveraged firms
face more financial burdens and invest less in innovation (Hsu et al., 2014). The
internal cash (Cash) is controlled to estimate the internal financing abilities of firms.
To measure firms’ long-term development, this study uses book-to-market ratio (B/
M) (Hsu et al., 2014). Cash compensation (Cash compensation) is considered because
executives who receive high cash compensation prefer current wealth and forgo
innovation (Baixauli-Soler et al., 2015). Moreover, the study uses annual stock return
(Return) to evaluate the annual payment for equity financing (Hsu et al., 2014).
Other controls include the property, plant and equipment ratio (PPE); sales ratio
(Sales); and EBIT-to-total assets ratio (ROA) (e.g. Armstrong & Vashishtha, 2012).
Table A4 defines the control variables.

In Table A2, the Pearson correlation coefficients (PCCs) generally do not show a
severe multicollinearity problem among control variables (jPCCsj< 0.5), indicating
that the control variables generally explain the dependent variables independently.
However, from columns (1) to (3) of Table A2, PCCs show a weak correlation rela-
tionship between the dependent and independent variables. This might be because
the dependent variables are innovation output proxies, and the relationship between
the dependent and independent variables has a lagging effect.

3.6. Empirical model

The baseline model is defined as follows:

Innovationi, t ¼ b1 þ b2Vegai, t�1 þ b3Deltai, t�1 þ b4Informativenessi

þ b5ðVega� InformativenessÞi, t�1 þ b6ðDelta� InformativenessÞi, t�1

þ
X

bkControli, t�1 þ dj þ ct þ ei, t

(2)

where i denotes firms, t reflects years and j captures industries. dj and ct represent
industry and year fixed effects, respectively. ei, t is an error term. Innovation denotes
the patent proxies in Section 3.2. Vega and Delta are described in Section 3.3.
Informativeness is the informativeness dummy variable in Section 3.4. Control
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indicates the control variables in Section 3.5. As executive compensation takes time
to affect the innovation decisions and productivity of firms, a one-year time lag of
explanatory variables is considered (Chu et al., 2020). In Equation (2), b6 (b5), which
captures delta (vega) incentives when stock prices are informative, is expected to be
significantly positive (negative), according to Hypothesis 1 (Hypothesis 2).

This research follows many empirical studies and estimates the model using the
Poisson regression method (e.g. Youssef et al., 2020). Specifically, let yi represent the
number of patent applications (granted or valid patents) and ci the total follow-up
time in the ith subgroup. The expected number of patent applications (granted or
valid patents) in subgroup i is

yi ¼ cikðXi, bÞ

where Xi denotes a vector of prediction variables in the ith subgroup. b represents a
vector of estimated parameters. k Xi, bð Þ is the expected rate function, a regression
function related to the expected number of patent applications (granted or valid pat-
ents). Typically, k Xi, bð Þ ¼ expðXibÞ when the expected rate function has a log-linear
form, and b is estimated using the maximum likelihood estimation method.

Poisson regression is adopted for several reasons. Firstly, the Poisson distribution
is widely used to model count data (e.g. the number of typing errors on a certain
page). In this study, the dependent variable is the number of patent applications
(granted or valid patents) in a financial year, which can be viewed as the count data
(a statistical process) obeying Poisson distribution (Youssef et al., 2020). Secondly,
Poisson regression creates a regression-type context where count data are modelled as
a response variable. Therefore, it allows us to predict the number of events within a
certain period. This study attempts to predict the number of patent applications
(granted or valid patents) under the influence of ESOs and price informativeness in a
financial year. Poisson regression serves as a suitable tool to conduct this prediction.

4. Empirical results

4.1. Summary statistics

Panel A of Table 1 presents the summary statistics of the main variables. Concerning the
dependent variables, the sample means of Applications, Granted and Valid are 217.829,
141.500 and 521.733, respectively. These statistics indicate that the sample firms, to some
degree, might not perform well in innovation during the sample period because the aver-
age granted patent of US firms for 1976–2005 is nearly 850 (Chava et al., 2013).

Concerning the explanatory variables, the sample mean of Delta (Vega) is 0.009
(0.006), indicating that the average reward executives receive from the stock price
change (stock return volatility) is 0.009 (0.006).

In this study, 1 minus the synchronicity proxy 1� ln R2
i

1�R2
i

� �
in Section 3.4 is used

to measure price informativeness. In Table 1, when the dummy variable,
Informativeness, equals 1 (1� ln R2

i
1�R2

i

� �
is higher than the sample median), the sample

mean of the price informativeness proxy (1� ln R2
i

1�R2
i

� �
) is 1.863, exceeding the aver-

age level of price informativeness (1.424) in the 2005–2010 Hong Kong market (Li
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et al., 2015). This outcome suggests that Informativeness identifies a group of A-share
market firms whose price informativeness exceeds even that of firms in the developed
Hong Kong market over the 2005–2010 period.

For the control variables, the sample mean of Assets is 22.264, exceeding the 10.69 in
Chang et al. (2015). The sample mean of ROA is 0.066, which is smaller than 0.10 in
Chang et al. (2015). The sample means of Leverage, Cash and B/M are 0.422, 0.187 and
0.530, respectively, exceeding 0.22, 0.17 and 0.26 in Armstrong and Vashishtha (2012). The
sample means of Cash compensation and Return are 14.518 and 0.270, respectively, which
are smaller than 1,168 and 0.64 in Armstrong and Vashishtha (2012).

4.2. Basic results

This section discusses the effects of delta and vega on corporate innovation. The
results are provided in Table 2. In column (1), Vega is significantly positively related

Table 2. The relationship between ESOs’ incentives and innovation.
(1) (2) (3)

Applications Granted Valid

Vegai,t-1 7.552��� 5.934��� 5.213���
(6.771) (4.340) (9.018)

Deltai,t-1 �3.992��� �2.844� �1.198�
(�2.853) (�1.662) (�1.847)

Informativenessi,t 0.071��� 0.072��� �0.033���
(9.174) (7.496) (�6.754)

(Vega�Informativeness)i,t-1 �37.451��� �36.544��� �27.018���
(�24.216) (�18.818) (�27.777)

(Delta�Informativeness)i,t-1 41.268��� 39.717��� 35.826���
(22.215) (17.016) (30.345)

Assetsi,t-1 0.460��� 0.519��� 0.478���
(110.145) (95.259) (170.767)

Leveragei,t-1 0.116��� 0.088��� 0.079���
(4.708) (2.918) (5.039)

Cashi,t-1 �0.659��� �0.688��� �0.613���
(�21.944) (�18.348) (�31.832)

B/Mi,t-1 �0.633��� �0.700��� �0.861���
(�28.430) (�25.982) (�61.352)

Salesi,t-1 0.243��� 0.243��� 0.309���
(27.535) (22.516) (44.848)

PPEi,t-1 0.316��� 0.418��� 0.490���
(11.354) (12.283) (28.616)

Cash compensationi,t-1 �0.002 �0.024��� �0.008���
(�0.444) (�4.112) (�2.621)

Agei,t�1 �0.027��� �0.026��� �0.017���
(�45.341) (�36.237) (�47.823)

Returni,t-1 0.005 �0.046��� �0.069���
(0.778) (�6.075) (�17.418)

Returni,t-2 �0.007 �0.007 �0.016���
(�1.273) (�1.208) (�4.791)

ROAi,t-1 1.945��� 1.305��� 1.000���
(28.126) (15.235) (18.019)

Constant �6.752��� �9.884��� �7.876���
(�59.158) (�36.682) (�69.655)

Year and industry fixed effects Yes Yes Yes
Pseudo R2 0.586 0.576 0.611
Observations 1,314 1,314 1,314

Note: This table shows results of the relationship between ESOs’ incentives and innovation. Poisson is used. Z-statis-
tics are in parentheses. ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: Authors.
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to the number of patent applications (Stepfl, Figure 1), suggesting that vega encour-
ages executives to pursue risky innovation and increases firms’ annual patent applica-
tions (Cohen et al., 2000). However, Delta is significantly negatively related to the
number of patent applications (Stepfi, Figure 1), supporting the argument that ESOs
do not motivate patent applications through delta (Armstrong & Vashishtha, 2012).

Moreover, a scenario where stock prices are informative is examined. In column
(1), the interaction between Delta and Informativeness is significantly positively
related to the number of patent applications (Step�, Figure1), indicating that inform-
ative prices amplify the positive effect of delta on innovation and increase the number
of patent applications. This result supports H1. Economically, a 1% increase in delta
results in an average marginal3 increase of 49.900 in patent applications when stock
prices are informative, accounting for 22.908% of the sample mean of patent applica-
tions (49.900/217.829). Conversely, the interaction between Vega and Informativeness
is negatively related to the number of patent applications (Step–, Figure 1), suggest-
ing that informative prices mitigate the traditional positive effect of volatility (vega)
on innovation (Lin et al., 2014). This result supports H2. Economically, a 1% increase
in vega leads to an average marginal decrease of 45.284 in the number of patent
applications when stock prices are informative, accounting for 20.789% of the sample
mean of patent applications (45.284/217.829). In column (2) (column (3)), the results
hold when the dependent variable is measured as the number of granted (valid) pat-
ents. However, the effect of informative price on innovation is uncertain because only
efficient compensation linking stock prices to executives’ wealth elicits the monitoring
of informative prices on innovation. In columns (1) and (2), the average impact of
Informativeness on innovation is positive.

Finally, Informativeness is measured as a dummy variable equalling 1 if 1-

ln R2
i

1�R2
i

� �
is above the 75th percentile of its sample distribution (Table 3). The results

in Table 3 also indicate that the positive (negative) relationship between vega (delta)
and innovation proxies is mitigated when stock prices are informative, further dem-
onstrating the argument that price informativeness amplifies the positive effect of
delta on innovation but mitigates vega incentives that traditionally encour-
age innovation.

4.3. Lagged levels of independent variables

As ESOs might not affect innovation outputs within a year, the study considers a 2-
year lagged level of explanatory variables when estimating Equation (2). The results
in columns (2) and (3) of Table 4 indicate that informative prices strengthen
(weaken) the positive effect of delta (vega) on innovation under a 2-year time lag,
supporting H1 and H2. The results hold when considering the 3-year time lag of
explanatory variables (columns (4) to (6)).

4.4. Instrumental variable regressions

Innovation firms use ESOs to motivate executives to take risks (Chen et al., 2014).
Therefore, innovation affects ESOs, which causes endogeneity problems. This section
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addresses endogeneity problems using the instrumental variable (IV) regres-
sion method.

Firms’ stock performance, which is influenced by industry-related factors such as
competition, is associated with the stock performance of industries (Piotroski &
Roulstone, 2004). Vega and delta, therefore, are also influenced by industry stock
market performance. However, individual firm characteristics (e.g. innovation) might
not be directly associated with industry stock performance (Piotroski & Roulstone,
2004). Hence, stock performance of industries, measured as the median of industry
firms’ annual cash dividends reinvested stock returns4 (Industry_return) and the
median of industry firms’ annual stock prices5 (Industry_price), is used as the
excluded IV. The first-step F-statistics in columns (1) and (3) of Table A1 are signifi-
cant at the 1% level, indicating that estimated IVs are efficient. The second-step
regression results in columns (1) to (3) of Table 5 support the main findings.

This study uses alternative excluded IVs, namely stock liquidity proxies, for robust-
ness checks. Stock liquidity is related to firms’ stock performance (delta) (Lee & Liu,
2011), volatility (vega) (Autore et al., 2011) and price informativeness (Lee & Liu,
2011), but there is little evidence of a direct influence of innovation on liquidity
(Autore et al., 2011). Liquidity measures include the Amihud illiquidity proxy
(Amihud), defined as the annual median of absolute daily abnormal stock returns
scaled by the daily trading volume in million yuan; and the annual turnover rate
(Turnover), measured as the annual median of daily trading volume to the number of
tradable shares ratio (Autore et al., 2011). The first-step F-statistics (columns (2) and
(4), Table A1) are significant, indicating that estimated IVs are efficient. In columns
(4) to (6) of Table 5, the second-step regression results align with those in columns
(1) to (3) of Table 5.

4.5. Alternative definitions of stock price informativeness

The interrelationship between the Chinese A-share market and the US stock market
has been significant in recent years. A-share firms can cross-list shares on US stock
markets such as NYSE and NASDAQ, and US investors can invest simultaneously in

Table 3. Alternative informative price dummy variable.
(1) (2) (3)

Applications Granted Valid

Vegai,t-1 1.270 9.020��� 6.442���
(1.227) (9.303) (13.311)

Deltai,t-1 2.020 �10.591��� �2.240���
(1.549) (�7.685) (�3.258)

(Vega�Informativeness)i,t-1 �47.298��� �55.752��� �34.710���
(�22.238) (�23.698) (�30.437)

(Delta�Informativeness)i,t-1 54.658��� 54.645��� 35.641���
(22.205) (19.865) (26.335)

Constant �6.632��� �18.329��� �16.698���
(�58.326) (�69.825) (�154.019)

Informativenessi,t, year and industry fixed effects and controls yes yes yes
Pseudo R2 0.585 0.779 0.829
Observations 1,314 1,314 1,314

Note: Poisson is used. Z-statistics are in parentheses. ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: Authors.
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Chinese firms that issue A and B shares. Thus, changes in US macroeconomic poli-
cies influence the financing and investment of Chinese firms, in turn affecting the
performance of the A-share market. Accordingly, this study includes the daily return
of the S&P 500 index (current and one-day lagged levels) in Equation (1), abstracts
the estimated R2 and defines Informativeness as a dummy variable equalling 1 if

1� ln R2
i

1�R2
i

� �
exceeds the sample median. The results in columns (1) to (3) of Table 6

demonstrate H1 and H2.
Yin et al. (2019) also suggest a synchronicity measure specially used in the A-share

market. Synchronicity is estimated as

Ri, t ¼ b1 þ b2Rj, t þ b3Rj, t�1 þ ei, t (3)

where Ri, t is cash dividends reinvested daily stock returns of individual firms. Rj, t

and Rj, t�1 are current and one-day lagged daily industry returns, respectively. Daily
industry returns are the market-value weighted average of industry firms’ cash divi-
dends reinvested daily stock returns. The estimated R2 allows us to construct an
informative price proxy with a definition that parallels those mentioned above. The
results in columns (4) to (6) of Table 6 demonstrate the main findings.

Table 4. The lagged levels.
(1) (2) (3) (4) (5) (6)

Applications Granted Valid Applications Granted Valid

Vegai,t-1 11.109 7.221��� 4.448��� 3.278�� 6.519��� 2.472���
(1.013) (5.366) (6.876) (2.224) (5.006) (3.626)

Vegai,t-2 �21.260 3.639�� 2.620��� 6.617��� 4.973�� 2.518�
(�1.260) (1.981) (2.588) (3.617) (2.297) (1.913)

Vegai,t-3 �14.442��� 7.557��� 8.604���
(�8.338) (3.713) (8.688)

Deltai,t-1 �8.792 �7.302��� �2.412��� �3.601�� �5.843��� �1.166
(�0.583) (�4.335) (�3.381) (�2.024) (�3.494) (�1.351)

Deltai,t-2 38.411 3.642 5.449��� �4.630� �2.702 �1.579
(1.480) (1.363) (3.722) (�1.786) (�0.872) (�0.824)

Deltai,t-3 23.266��� �7.967��� �2.265�
(9.229) (�2.714) (�1.650)

(Vega�Informativeness)i,t-1 �52.332��� �33.156��� �28.397��� �12.583��� �26.252��� �11.331���
(�3.147) (�17.465) (�26.331) (�5.695) (�11.176) (�9.207)

(Vega�Informativeness)i,t-2 16.683 �38.519��� �34.629��� �25.249��� �31.414��� �19.254���
(0.438) (�9.624) (�16.066) (�6.024) (�6.739) (�7.544)

(Vega�Informativeness)i,t-3 �9.465��� �56.180��� �45.783���
(�2.734) (�15.904) (�23.584)

(Delta�Informativeness)i,t-1 62.286��� 34.551��� 36.328��� 17.149��� 24.409��� 15.999���
(2.598) (14.971) (28.103) (7.022) (9.284) (11.846)

(Delta�Informativeness)i,t-2 �38.366 43.009��� 39.808��� 29.004��� 40.924��� 29.151���
(�0.630) (6.918) (12.008) (4.549) (5.769) (7.540)

(Delta�Informativeness)i,t-3 14.777��� 78.963��� 58.412���
(2.680) (14.152) (18.858)

Constant �8.844��� �10.867��� �5.947��� �7.205��� �10.704��� �9.358���
(�7.714) (�29.714) (�49.205) (�21.250) (�20.684) (�49.249)

Informativenessi,t, controls
and year and industry fixed effects

yes yes yes yes yes yes

Pseudo R2 0.666 0.668 0.617 0.609 0.678 0.648
Observations 973 973 973 640 640 640

Note: Lagged levels of explanatory variables are considered. Poisson is used. Z-statistics are in parentheses. ���
p< 0.01, �� p< 0.05, � p< 0.1.
Source: Authors.
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In columns (7) to (9) of Table 6, Informativeness is calculated using the
Fama–French three-factor model following Ferreira et al. (2011). Specifically, I regress
the dividends reinvested daily stock returns on the Fama–French three factors
(Ferreira et al., 2011), abstract R2 and build the Informativeness dummy variable men-
tioned above. The results in columns (7) to (9) of Table 6 support the main findings.

4.6. Further discussions

4.6.1. Deep-in-the-money options
Executives who are richly rewarded by deep-in-the-money options tend to exercise
options to realise current wealth (Baixauli-Soler et al., 2015). In this scenario, the
delta incentives of executives are weakened (Baixauli-Soler et al., 2015) and the posi-
tive effect of delta on innovation is reduced. The moneyness of ESOs is calculated as
the year-end stock price divided by the average strike price of outstanding options
and a deep-in-the-money dummy variable (Deep, Table A4) is introduced (Chang
et al., 2015). I include interaction among Delta, Informativeness and Deep in Equation
(2) and expect a negative coefficient. That is, when ESOs are deep-in-the-money,
executives who capture current wealth have lower delta incentives and invest less in
innovation. Moreover, delta incentives are significantly weakened when stock prices
are informative because informative prices absorb existing volatility factors and leave
only small price changes (Lee & Liu, 2011), which encourage executives to exercise
their ESOs and reap current wealth. However, if executives are not satisfied with cur-
rent profits, they might seek new volatility factors and create opportunities for future
price run-ups (expected wealth) (Chen et al., 2014). Therefore, executives are likely to
take risks, which results in volatility. In particular, vega incentives are strengthened.

Table 7 presents the results. In column (1), the coefficient of interaction among
Delta, Informativeness and Deep is significantly negative (�30.515), indicating that
when ESOs are deep-in-the-money, informative prices leave only small price changes.
Executives who are keen to capture current wealth have lower delta incentives and
invest less in innovation. The coefficient of interaction among Vega, Informativeness
and Deep is significantly positive (45.914), suggesting that vega encourages executives
to engage in innovation, which creates new volatility factors captured by informative
prices and results in future price run-ups when ESOs are deep-in-the-money. The
results hold when using IV regressions in columns (4) to (6). Excluded IVs are
Industry_return and Industry_price in Section 4.4.

4.6.2. Subsample analysis
CEO compensation plans have unique features concerning the state-owned back-
ground. State-owned enterprises (SOEs), which state shareholders control, are often
used as tools to implement government economic policies. Therefore, CEO compen-
sation plans in SOEs are sometimes related to government policies (Lapor�sek et al.,
2020). In this scenario, external investors need to monitor SOE managers through
other governance mechanisms, such as stock price pressure (Huang & Zhu, 2015). In
this section, I introduce a state-owned dummy variable (SOE, Table A4) and include
interaction among Delta (Vega), Informativeness and SOE in Equation (2). The results
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presented in columns (1) to (3) of Table 8 provide further evidence and demonstrate
that informative prices monitor SOEs to engage in innovation by enhancing delta
incentives (positive coefficients of (Delta�Informativeness�SOE)), whereas informative
prices, which are negatively related to noise volatility, reduce vega incentives on SOE
innovation (negative coefficients of (Vega�Informativeness�SOE)). Specifically, com-
bining informative prices with traditional governance mechanisms ESOs is possible
when monitoring SOEs.

Moreover, the study investigates the scenario in which managers and directors
hold the firm’s stocks. The study introduces a proxy measuring the percentage of
manager and director shares (M&D_share, Table A4) and constructs interaction
among Delta (Vega), Informativeness and M&D_share. The results presented in col-
umns (4) to (6) of Table 8 suggest that a higher level of manager and director share-
holding strengthens the delta incentives on innovation when stock prices are
informative (positive coefficients of (Delta�Informativeness�M&D_share). This might
be because managers and directors holding a large stake in a firm have strong incen-
tives to maintain stock price increases and avoid great stock return volatility.
Therefore, delta has a larger effect on encouraging innovation.

Finally, the board structure (e.g. percentage of independent directors) might
impact the governance standard. Better governance improves the information envir-
onment of firms and benefits stock price informativeness. Accordingly, I include a
proxy estimating the percentage of independent directors (Independent, Table A4)
and interaction among Delta (Vega), Informativeness and Independent. In columns (7)
to (9) of Table 8, the positive coefficients of (Delta�Informativeness�Independent)

Table 7. Deep-in-the-money options.
(1) (2) (3) (4) (5) (6)

Applications Granted Valid Applications Granted Valid

Vegai,t-1 34.958��� 4.540��� 1.727��� 51.019�� 39.646�� 110.816��
(56.655) (5.471) (3.024) (2.292) (2.087) (2.072)

Deltai,t-1 �32.636��� �3.862��� �3.853��� �73.803�� �52.734�� �146.825��
(�39.695) (�2.893) (�4.657) (�2.528) (�2.141) (�2.124)

(Vega�Informativeness)i,t-1 �31.354��� �17.879��� �22.526��� �40.479�� �18.019� �50.812�
(�30.193) (�11.848) (�29.742) (�2.259) (�1.904) (�1.910)

(Delta�Informativeness)i,t-1 38.466��� 24.001��� 32.606��� 60.233�� 30.050�� 84.586��
(27.069) (12.679) (34.328) (2.512) (2.004) (2.015)

(Vega�Informativeness�Deep)i,t-1 45.914��� 15.091��� 19.611��� 46.404�� 12.742� 36.972�
(11.517) (3.103) (10.661) (2.415) (1.840) (1.898)

(Delta�Informativeness�Deep)i,t-1 �30.515��� �21.785��� �54.947��� �65.746�� �21.084� �60.981��
(�6.678) (�3.811) (�19.740) (�2.494) (�1.914) (�1.968)

Constant �23.050��� �17.618��� �14.917��� �4,314.916�� �4,382.335��� �15,927.632���
(�241.957) (�84.937) (�162.672) (�2.311) (�2.973) (�3.793)

Informativenessi,t,
Deepi,t,(Vega�Deep)i,t-1,
(Delta�Deep)i,t-1,
(Informativeness�Deep)i,t,
controls and year
and industry fixed effects

Yes Yes Yes Yes Yes Yes

Pseudo R2/Wald chi2 0.880 0.787 0.833 150.630��� 114.270�� 360.050���
First-stage F-statistics:Vega 602.660���
Delta 8255.940���
Observations 1,314 1,314 1,314 1,314 1,314 1,314

Note: This table exhibits results when ESOs are deep-in-the-money. Poisson (IV) is used in columns (1) to (3) ((4) to
(6)). Z-statistics are in parentheses. ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: Authors.
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indicate that independent directors provide governance and lead managers to disclose
more high-quality firm-specific information, further improving firms’ information
environment. In this scenario, information embodied in stock prices has higher qual-
ities and is more likely to reflect the value of innovation. As mentioned earlier, when
stock prices reflect innovation values and positively respond to the value-enhancing
decisions of managers, the delta effect on encouraging valuable innovation
is enhanced.

4.6.3. Stock return volatility
In this section, I estimate the prediction that price informativeness is negatively
related to noise volatility by modifying the model suggested by Lee and Liu (2011).
Annual stock return volatility (Volatility) is measured as the annual standard devi-
ation of a firm’s cash dividends reinvested daily stock returns. Price informativeness
is calculated as -ln(PIN index for year t) (Log_PIN). PIN is the probability of infor-
mation-based trading. When stocks are less informative, the probability of informa-
tion-based trading is higher; thus, the PIN is high. Another informative proxy is PIM
calculated as -ln(0.0001þAPIM). APIM is the annual average of the absolute daily
return divided by the daily RMB volume of trade (in millions). The higher PIM
(Log_PIN) indicates higher stock price informativeness (Lee & Liu, 2011).

This study views noise traders as external individual investors (Huang & Zhu,
2015). I introduce a ratio of stocks held by external individual investors to total
shares in a firm (Noise) and regress annual stock return volatility on an interaction
between Noise and Log_PIN (PIM), estimating whether price informativeness reduces
volatility when noise traders hold more shares. Control variables include Assets, B/M,
Leverage, ROA and the volatility of ROA (VROA) (Lee & Liu, 2011). The results in
Table 9 suggest that firms with higher stock price informativeness experience lower
stock return volatility, especially when noise traders hold more shares. This result
supports the argument that price informativeness is negatively related to the noise
component of volatility.

Table 9. Noise traders, price informativeness and stock return volatility.
(1) (2) (3) (4)

Log_PINi,t-1 �1.087� �3.195��
(�1.706) (�2.436)

PIMi,t-1 �0.195�� �0.051
(�2.157) (�0.508)

Noisei,t-1 �0.093 �0.033
(�0.694) (�0.176)

(Noise�Log_PIN)i,t-1 �0.653���
(�2.910)

(Noise�PIM)i,t-1 �0.136�
(�1.763)

Constant 12.505��� 7.648��� 15.673��� 9.297���
(4.690) (3.833) (6.342) (4.552)

Controls and year and industry fixed effects Yes Yes Yes Yes
R2 0.403 0.359 0.402 0.402
Observations 1,316 1,316 1,316 1,316

Note: This table exhibits results of the relationship among noise traders, price informativeness and stock return vola-
tility. The fixed effect model (FEM) is used. Z-statistics are in parentheses. ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: Authors.
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5. Conclusion

This study examines the relationship between ESOs and firms’ innovation performance
when stock prices are informative. The findings indicate that the effect of delta on encour-
aging innovation is enhanced when stock prices are informative but that informative prices
alleviate the traditional positive effect of vega on innovation. However, when stock prices
are informative, deep-in-the-money options reduce the positive effect of delta on innov-
ation, whereas the state control, independent directors and manager and director share-
holding enhance (reduce) the positive effect of delta (vega) on innovation.

The results have implications. Firstly, most studies have focused on developed
markets where information updating is the main driving force of stock return volatil-
ity. However, in emerging markets, volatility is dominated by noise, which is nega-
tively related to informative prices (Lin et al., 2014). This study demonstrates that in
the Chinese A-share market, informative prices, which are negatively related to vola-
tility, alleviate the positive effect of vega on innovation. Secondly, some characteristics
of stock prices (e.g. price informativeness) impact ESO contract design. The study
demonstrates a positive effect of delta on innovation when stock prices are inform-
ative. Consequently, when stock prices are informative, directors set lower exercise
prices, which increase the delta incentives of executives and encourage innovation.
However, as delta incentives are weakened when ESOs are deep-in-the-money, direc-
tors must grant new at-the-money ESOs to renew executives’ sensitivity to stock pri-
ces. Thirdly, this study highlights the importance of ESOs in motivating executives to
take risks and engage in innovation. Executives compensated by ESOs tend to create
opportunities that lead the stock price to exceed the exercise price. Innovation, which
benefits firms’ long-term development, receives positive market reactions and allows
executives to reap the rewards of their ESOs.

Notes

1. The statistics are from the National Bureau of Statistics of the People’s Republic of China.
2. The results in Table A3 hold when using the natural logarithm of 1 plus the number of

annual patent applications (granted or valid patents) (Log_applications, Log_grant
and Log_valid).

3. As y’s sensitivity to xi (
oy
oxi
) might be a function of xi (uðxiÞ), it is necessary to calculate the

marginal effect of x on y, which is estimated as oy
oxi

¼ oy
ouðxiÞ �

ou xið Þ
oxi

: The Stata command is
margin, dydx(varlist).

4. The industry classification was published by the China Securities Regulatory Commission
in 2012.

5. Firms’ annual stock prices are defined as the annual median of their daily close prices.
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Appendix

Table A1. The first stage regression.
Vega Delta

(1) (2) (3) (4)

Industry_returnj,t-1 �0.212� �0.112
(�1.67) (�1.23)

Industry_pricej,t-1 �0.022�� �0.018���
(�2.28) (�2.64)

Amihudi,t-1 �0.268 �0.545
(�0.36) (�0.97)

Turnoveri,t-1 �0.048� �0.037�
(�1.93) (�1.71)

Assetsi,t-1 �0.059 �0.114��� �0.042 �0.103���
(�1.50) (�2.86) (�1.41) (�3.00)

Leveragei,t-1 0.584��� 0.601��� 0.439��� 0.543���
(2.95) (3.01) (3.06) (3.45)

Cashi,t-1 �0.248 �0.296 �0.176 �0.135
(�1.00) (�1.33) (�0.96) (�0.71)

B/Mi,t-1 0.171 0.309 0.082 0.136
(0.68) (1.19) (0.44) (0.62)

Salesi,t-1 �0.239��� �0.169�� �0.175��� �0.141���
(�2.87) (�2.59) (�2.82) (�2.65)

PPEi,t-1 0.075 0.050 0.005 �.023
(0.32) (0.21) (0.03) (�0.11)

Cash compensationi,t-1 0.040 0.032 0.023 0.031
(1.00) (0.81) (0.79) (0.92)

Agei,t-1 �0.008� �0.007 �0.006�� �0.007�
(�1.80) (�1.52) (�2.98) (�1.68)

Returni,t-1 �0.129��� �0.135��� �0.083��� �0.087���
(�3.39) (�3.33) (�2.98) (�2.64)

Returni,t-2 �0.173��� �0.172��� �0.110��� �0.129���
(�4.86) (�4.86) (�3.93) (�4.14)

ROAi,t-1 0.433 0.103 0.364 0.041
(0.73) (0.17) (0.88) (0.07)

Constant 2.793��� 3.937��� 2.116��� 3.335���
(3.08) (4.20) (3.09) (4.10)

Year and industry fixed effects yes yes yes yes
F-statistics 346.43��� 137.28��� 3275.75��� 574.84���
Observations 1,314 1,314 1,314 1,314

Note: Z-statistics are in parentheses. ��� p< 0.01, �� p< 0.05, � p< 0.1.
Source: Authors.
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Table A3. Continuous patent proxies.
(1) (2) (3)

Log_applications Log_grant Log_valid

Vegai,t-1 9.024 1.651 �0.875
(0.930) (0.248) (�0.141)

Deltai,t-1 �15.822 �1.427 1.520
(�1.267) (�0.141) (0.169)

(Vega�Informativeness)i,t-1 �37.777��� �29.134�� �24.940��
(�2.939) (�2.504) (�2.243)

(Delta�Informativeness)i,t-1 52.430��� 32.636�� 31.858��
(3.398) (2.281) (2.178)

Constant �14.192��� �16.211��� �14.738���
(�6.604) (�9.025) (�7.101)

Informativenessi,t, controls and year and industry fixed effects yes yes yes
R2 0.123 0.226 0.508
Observations 1,314 1,314 1,314

Note: Continuous patent proxies are used. FEM is used. Z-statistics are in parentheses. ��� p< 0.01, �� p< 0.05,� p< 0.1.
Source: Authors.

Table A4. Variable definitions.
Variables Definitions

Applications The number of annual patent applications
Granted The number of annual granted patents
Valid The number of annual valid patents
Vega The change in the risk-neutral (e.g. Black-Scholes) value of the executive’s option portfolio for

a 1% change in the standard deviation of underlying stock returns
Delta The change in the risk-neutral (e.g. Black-Scholes) value of the executive’s option portfolio for

a 1% change in the price of underlying stocks
Informativeness A dummy variable that equals 1 if 1- ln R2i

1�R2i

� �
is higher than the sample median

Assets The natural logarithm of total assets
Leverage Total debts-to-total assets ratio
Cash The sum of cash reserves, tradable financial assets and short-term investments scaled by

total assets
B/M The ratio of the book value of total assets to the sum of the market value of equity and the

book value of total liabilities
Sales Sales-to-total assets ratio
PPE The ratio of property, plant, and equipment-to-total assets
Cash compensation The natural logarithm of the amount of cash compensation
Age The firm age
Return The annual stock return, which is defined as the sum of the annual dividend rate and the

capital gains rate estimated as the annual average of the difference between daily close
and open prices scaled by daily open prices.

ROA EBIT-to-total assets ratio
Deep A dummy variable that equals 1 when the moneyness is above the 75th percentile of its

distribution
SOE A dummy variable that equals 1 if the firm’s controlling shareholder is the central or

local government
M&D_share A dummy variable that equals 1 if the ratio of shares held by top managers (e.g. CEO, CFO

and managers mentioned by articles of association) and directors to total shares is higher
than the sample median.

Independent A dummy variable that equals 1 if the ratio of the number of independent directors to the
board size is higher than the sample median.

Log_PIN -ln(PIN index for year t)
PIM -ln(0.0001þAPIM)
Volatility The annual standard deviation of a firm’s cash dividends reinvested daily stock returns
Noise The shares held by external individual investors to total shares ratio
VROA The standard deviation of the firm’s ROA over the sample period

Source: Authors.
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