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Abstract. This study investigates the relationship between Chief Executive Of-

ficer (CEO) option incentives and corporate innovation output, with a particular 

emphasis on performance variations across different contexts. In the intensely 

competitive contemporary market, enterprise innovation is recognized as a criti-

cal driver for sustaining competitive advantage. By analyzing data from U.S. 

listed companies spanning 1992 to 2021, this research employs a Poisson regres-

sion model to empirically assess the correlation between the intensity of option 

incentives and the frequency of patent applications. The findings reveal a positive 

correlation between CEO option incentives and corporate innovation output. 

Such incentives not only increase the number of patent applications but also fos-

ter high-quality innovation outcomes. This effect is especially pronounced 

among male CEOs and firms exhibiting strong profitability. The study provides 

new insights into the intricate relationship between CEO incentive structures and 

innovation activities, offering policy implications for optimizing executive com-

pensation frameworks to bolster enterprises’ long-term innovation capacities. It 

underscores that, in devising incentive mechanisms, firms should account for the 

personal attributes of CEOs and the financial condition of the enterprise to effec-

tively stimulate innovative vigor. These findings bear significant policy implica-

tions for enhancing the sustained innovation capabilities of enterprises and ad-

vancing high-quality economic development, while also offering strategic in-

sights for cultivating an innovative nation. 

Keywords: CEO Option Incentives, Corporate Innovation, Patent Applications, 

Risk-taking Behavior, Poisson Regression. 

1 Introduction 

In today’s highly competitive market environment, innovation constitutes a fundamen-

tal driving force for enterprises aiming to sustain their competitive advantage and 

achieve long-term development. As the chief decision-maker of a company, the Chief 

Executive Officer’s (CEO) strategic vision and risk tolerance have a direct impact on 

the company’s innovation investments and outputs. Consequently, a critical challenge 

for most enterprises is the design of effective incentive mechanisms that stimulate the 

innovative vitality of their CEOs. 
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In practice, stock options are frequently employed as an incentive mechanism, align-
ing the CEO’s personal interests with the long-term value of the company [1]. Theoret-
ically, the uncertain returns associated with options may encourage CEOs to undertake 
higher risks, thereby increasing their willingness to engage in innovative activities that 
are uncertain but possess potentially high returns (Ibid). However, the real-world effi-
cacy of this incentive mechanism may diverge from theoretical predictions. Given the 
low success rate of innovation activities and the complex commercialization processes 
required to translate successful innovations into enhanced company value, this high 
degree of uncertainty might lead CEOs to prioritize short-term strategies that elevate 
stock prices, rather than investing in long-term, high-risk innovation projects [2]. To 
investigate this issue, the present study utilizes data from U.S. listed companies span-
ning the period from 1992 to 2021. An empirical analysis was conducted using a fixed 
effects model to accurately assess the relationship between the intensity of option in-
centives in CEO compensation (measured as the proportion of option value to total 
compensation) and corporate innovation output (quantified by the number of patent 
applications). Thus, this study not only contributes new empirical evidence to the un-
derstanding of the complex interplay between executive incentive mechanisms and cor-
porate innovation but also offers significant policy implications concerning the optimi-
zation of compensation structures in practice. The findings hold substantial practical 
significance for promoting high-quality economic development and facilitating the con-
struction of an innovative nation. 

2 Literature Review and Research Hypothesis 

CEO risk-taking behaviors are influenced by various factors, including personality 
traits, demographic elements, and contextual factors such as spousal influence and lead-
ership styles [3]. Korablev & Podukhovich (2022) highlight the critical link between 
CEO personality traits, particularly the Big Five, and their risk-taking tendencies, em-
phasizing the direct impact of perceived power on decision-making processes [4]. Ad-
ditionally, Du et al. (2023) illustrates how the gender dynamics of a CEO’s spouse can 
further influence these decisions, as women often exhibit more risk-averse tendencies, 
which may dissuade CEOs from engaging in high-risk strategies [5]. Furthermore, Zbib 
& Asare (2023) delves into how compensation structures may be inherently linked to a 
CEO’s risk aversion, proposing that CEO characteristics directly correlate with invest-
ment decisions and overall risk management capabilities [6]. Insights from these studies 
underscore the multifaceted nature of risk-taking in CEOs, suggesting that both psy-
chological traits and external relational factors play significant roles in shaping their 
choices in organizational contexts.    

The volume of patent applications submitted by enterprises is frequently regarded as 
a crucial metric for assessing their innovative capacity. Patents, as a form of intellectual 
property, provide a tangible measure of an enterprise’s engagement in technological 
innovation and its competitive standing in the market [7]. Primarily, the quantity of 
patents is often directly proportional to a company’s research and development (R&D) 
expenditure and technological advancements [8]. This is particularly evident in the 
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realm of invention patents, which more accurately convey the depth of a company’s 
innovation and the technological sophistication involved. Furthermore, empirical re-
search indicates a significant correlation between the volume of a company’s patent 
applications and its market performance [9]. This relationship is especially pronounced 
in high-tech sectors such as automotive manufacturing, where patent protection plays a 
pivotal role in safeguarding innovative outcomes and sustaining competitive ad-
vantages (Ibid). Econometric analyses reveal a positive correlation between the volume 
of patent applications and a company’s market share and profitability [10]. Enterprises 
with robust innovative capabilities are typically able to generate a higher number of 
patents, thereby facilitating market expansion and profit growth. Consequently, the 
number of patent applications serves as not only a direct indicator of a company’s in-
novative capability but also as a critical measure for evaluating its long-term develop-
mental prospects. 

In light of these analyses, the asymmetric returns associated with option incentives— 
which provide both downstream protection and upstream potential—can partially mit-
igate the inherent risk aversion exhibited by CEOs. This is particularly significant when 
innovative projects are characterized by long cycles and high volatility, wherein the 
value of options and the nonlinear returns linked to successful innovation create a syn-
ergistic effect. Based on these considerations, the following hypothesis is proposed.   

H1: The intensity of CEO option incentives is positively correlated with the number 
of patent applications filed by the company.  

3 Data and Methodology 

3.1 Sample Selection and Data Sources 

In this study, data predominantly derived from ExecuComp, Duke DISCERN, and Com-
pustat North America, encompassing relevant financial information of U.S. listed com-
panies from 1992 to 2021, were utilized. To ensure the robustness and accuracy of the 
input data for the model, an initial preprocessing of the samples was undertaken. First, 
financial reports were excluded, and reports denominated in U.S. dollars were selected. 
Subsequently, all observations with missing or duplicate entries were removed, fol-
lowed by the application of a 1% and 99% winsorization on the entire dataset to miti-
gate the influence of outliers. Through these preprocessing steps, a final dataset com-
prising 13,542 annual company observations was analyzed.  

3.2 Variable Definition and Measurement 

3.2.1 Explained Variable – Enterprise Innovation Output (𝑷𝒂𝒕𝒆𝒏𝒕 𝑨𝒑𝒑). This study 
identifies the number of patent applications per fiscal year as a quantifiable measure of 
corporate innovation output, utilizing data sourced from Duke DISCERN. The choice 
of patent applications as an indicator is based on their inherent characteristics of objec-
tivity, comparability, and timeliness [11]. Unlike alternative metrics such as R&D ex-
penditure or revenue from new product sales, patent data directly captures the tangible 
outcomes of enterprise technological innovation. Furthermore, it remains unaffected by 
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subjective influences from accounting practices or market volatility. Under the robust 
patent system of the United States, patent applications are required to satisfy the criteria 
of novelty, non-obviousness, and utility, thereby effectively filtering out low-quality 
innovations (Ibid). 

For empirical analysis, this study applies a logarithmic transformation to the number 
of patent applications by adding 1 (i.e., 𝑙𝑜𝑔 (1 + 𝑃𝑎𝑡𝑒𝑛𝑡𝑠) ), and denotes it as
𝑃𝑎𝑡𝑒𝑛𝑡 𝐴𝑝𝑝. This approach is justified by two main considerations: firstly, it circum-
vents the issue of missing values for companies with zero annual patent applications; 
secondly, it addresses the right-skewed distribution typically exhibited by patent data. 
The logarithmic transformation mitigates heteroscedasticity, allowing the regression 
coefficients to represent elastic relationships rather than absolute magnitudes [12]. This 
treatment preserves the economic significance of the variables while satisfying the nor-
mality assumption of the linear model.  

3.2.2 Explanatory Variable – CEO Option Incentive Intensity (𝑶𝒑𝒕𝒊𝒐𝒏 𝑷𝒄𝒕). Data 
regarding CEO compensation and personal information are sourced from ExecuComp. 
The study calculated the percentage of option-based compensation relative to total com-
pensation to derive the CEO’s option incentive intensity (𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡). To maintain 
data integrity, options constituting less than 0 percent of total compensation were ad-
justed to 0 percent, while those exceeding 100 percent were capped at 100 percent.  

3.2.3 Control Variables. The specific accounted for additional factors that might influ-
ence corporate innovation by including pertinent control variables. These variables en-
compass company size, measured as the logarithm of total assets and denoted as 𝑆𝑖𝑧𝑒; 
the leverage ratio, defined as the ratio of total liabilities to total assets and denoted as 
𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒; the cash holding ratio, represented as 𝐶𝑎𝑠ℎ 𝑅𝑎𝑡𝑖𝑜; the sales growth rate, 
denoted as 𝑆𝑎𝑙𝑒𝑠 𝐺𝑟𝑜𝑤𝑡ℎ; and the return on assets (𝑅𝑂𝐴). The data for these variables 
was sourced from Compustat North America. 

3.3 Empirical Model 

Given that the distribution of patent applications, even after logarithmic transformation, 
remains more consistent with a Poisson distribution than a normal distribution, the re-
search employed a Poisson regression model for the regression analysis. This model 
assumes that the mean and variance of the response variable are equal and directly 
characterizes the linear relationship between the logarithm of the event occurrence rate 
and the explanatory variables [13]. Such a model is deemed appropriate for the discrete 
event nature of patent data analyzed in this study. The model is formulated as follows. 

𝑃𝑎𝑡𝑒𝑛𝑡 𝐴𝑝𝑝i,t = 𝛽0 + 𝛽1𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡i,t + 𝛽2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑉𝑎𝑟i,t + 𝜀i,t (1) 

In this model, the dependent variable, 𝑃𝑎𝑡𝑒𝑛𝑡 𝐴𝑝𝑝i,t , representing the level of a 
company’s innovation output, is derived from the logarithm of the number of patent 
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applications filed by the company, incremented by one. The primary explanatory vari-
able 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡i,t is the proportion of CEO compensation associated with option in-
centives. 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑉𝑎𝑟i,t  denotes the time-varying control variables at the company 
level. 

4 Research Results and Analysis 

4.1 Descriptive Analysis 

Table 1 presents the descriptive statistical analysis of each variable under consideration. 
The mean intensity of option incentives is recorded at 19.434, with a standard deviation 
of 23.443. This suggests substantial variability in the implementation of option incen-
tives among the sampled firms, revealing a phenomenon of polarization. Notably, over 
25% of the sampled companies have not adopted option incentive schemes, whereas a 
minority exhibit exceedingly high incentive intensity, reaching up to 100%. Further-
more, the average logarithmic index of patent applications is 2.358, accompanied by a 
standard deviation of 1.879, potentially indicating heterogeneity in innovation output 
efficiency across enterprises. The span from the minimum to maximum values extends 
across 9 logarithmic units, signifying that while some companies are pioneers in inno-
vation, a significant portion remains at the lower end of the innovation value spectrum, 
possessing only a single-digit count of patents. The distribution of other variables falls 
within a reasonable range. 

Table 1. Descriptive statistical results. 

Variable 
Sample 

Size 
Average 

Value 
Standard 
Deviation 

 
Minimum Median Maximum 

Option Pct 13542 19.434 23.443 0.000 13.653 10.000 

Patent App 13542 2.353 1.864 0.000 2.197 7.348 

Size 13542 7.431 1.797 3.222 7.336 11.991 

ROA 13542 0.111 0.124 -0.508 0.121 0.405 

Leverage 13542 0.198   0.186      0.000       0.174     0.825       

Cash Ratio 13542 0.211   0.195   0.004 0.146 0.849 

Sales Growth 13542 1.102 0.282 0.434 1.067 2.650 

4.2 Correlation Analysis 

Prior to conducting multivariate regression analysis, a preliminary correlation analysis 
was performed using the Pearson correlation coefficient matrix to guide the subsequent 
model design. The correlation coefficient between the intensity of the CEO’s option 
incentives (𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡) and the firm’s innovation output (𝑃𝑎𝑡𝑒𝑛𝑡 𝐴𝑝𝑝) is calculated 
to be 0.067, indicating an initial positive correlation between CEO compensation in-
centives and patent filing activities. Additionally, the variance inflation factor (VIF) for 
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the variables was computed to assess the degree of multicollinearity among the explan-
atory variables in the multiple regression model. The results, presented in Table 2, show 
that the VIF values for all variables are below 10, suggesting that the model does not 
suffer from severe multicollinearity and can adequately interpret the independent effect 
of the variables on the dependent variable. Consequently, all variables were retained 
for further analysis.  

Table 2. Results of multicollinearity test. 

 Feature VIF 

1 Option Pct 1.035 

2 Size 1.329 

3 ROA 1.183 

4 Leverage 1.202 

5 Cash Ratio 1.370 

6 Sales Growth 1.046 

4.3 Poisson Regression Analysis 

4.3.1 Result of Hypothesis 1. Table 3 presents the estimations derived from the Poisson 
regression model. This model, incorporating fixed effects, necessitates that the depend-
ent variable within each group—defined by factors such as enterprise, industry, or 
year—contains at least one non-zero observation. Consequently, samples wherein all 
entities within a group exhibit zero (or identical) patent counts were automatically ex-
cluded during the modeling stage. As a result, the sample size is adjusted from an initial 
13,542 to 13,325 observations. 

The analysis indicates that in the univariate regression, the coefficient for the pri-
mary independent variable, 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡, is estimated at 0.002 and reaches statistical 
significance at the 1% level (p=0.004). Further, the robustness of this finding was ver-
ified by incorporating a comprehensive set of firm-level control variables that poten-
tially affect innovation decisions, aimed at mitigating estimation biases arising from 
omitted variable concerns. In this expanded model, the 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡 coefficient consist-
ently remains at 0.002 and maintains a high level of statistical significance at the 1% 
threshold. The findings underscore a significant positive association between CEO 
stock option incentives and the output of corporate innovation. Such option-based in-
centives effectively align the CEO’s remuneration with the company’s long-term mar-
ket value growth by providing them with the right to purchase company stock at a pre-
determined future price. These long-term incentive mechanisms mitigate CEOs’ 
tendencies toward myopic decision-making—such as slashing R&D expenditures to 
enhance short-term earnings—thereby ensuring sustained resource allocation to inno-
vative initiatives and ultimately enhancing both the quantity and quality of patent out-
comes. 
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Table 3. Regression results for Hypothesis 1. 

Full Sample 

(a) (b) 

Option Pct 0.002*** 0.002*** 

Size 0.356*** 

ROA -0.243* 

Leverage -0.117 

Cash Ratio 0.528*** 

Sales Growth -0.019 

Year Yes Yes 

Industry Yes Yes 

Pseudo R-squared 0.003 0.411 

N 13325 13325 

Note: The data in the table are regression coefficients of each variable, and ***, **, and * are significant at 

the significance level of 1%, 5% and 10% respectively. 

4.3.2 Heterogeneity Analysis. This study investigates the moderating effects of CEO 
personal traits (specifically gender) and company financial conditions (profitability) on 
the established relationship between CEO stock option incentives and corporate inno-
vation output. The findings of the heterogeneity analysis are presented in Table 4. 
Firstly, the differential impact of stock option incentives on innovation investment be-
havior across genders was examined, hypothesizing that leadership personality differ-
ences between male and female CEOs may influence their responsiveness to such in-
centives [6]. To test this hypothesis, a binary variable, 𝑀𝐴𝐿𝐸, was created, coded as 1 
for male CEOs and 0 for female CEOs, and interacted with the key independent varia-
ble, 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡, to derive the interaction term 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡 ∗  𝑀𝑎𝑙𝑒. The Poisson re-
gression analysis yields a statistically significant coefficient of 0.003 for this interaction 
term at the 1% significance level (p=0.007). This result suggests that male CEOs exhibit 
a heightened sensitivity to the risk incentives associated with options, thereby translat-
ing these incentives more readily into high-risk innovation activities.  

Secondly, the analysis considered the firm’s profitability as a potential moderator. 
Given that a company’s financial condition, particularly its profitability, may influence 
its capacity and willingness to engage in innovation-related risk-taking, the study cate-
gorized samples by industry and year and computed the median 𝑅𝑂𝐴 for each industry-
year category. A binary variable, 𝐻𝑖𝑔ℎ 𝑅𝑂𝐴, was assigned a value of 1 for companies 
with 𝑅𝑂𝐴 values exceeding the industry-year median, while others were assigned a 
value of 0. The coefficient and statistical significance of the interaction term between 
𝐻𝑖𝑔ℎ 𝑅𝑂𝐴 and 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡 were then examined to assess how variations in corporate 
profitability impact the relationship between CEO option incentives and innovation 
output. The analysis reveals that the interaction term 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡 ∗  𝐻𝑖𝑔ℎ 𝑅𝑂𝐴 has a 
positive and statistically significant coefficient at the 5% level (p=0.027). This finding 
indicates that profitability moderates the effect of option incentives, with the enhancing 
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impact of CEO option incentives on innovation being more pronounced in firms with 
higher profitability. High-profit enterprises typically possess greater financial slack, 
characterized by ample cash flow and reduced financing constraints [14], thereby 
providing robust resource support for CEOs’ long-term innovation investments. Con-
sequently, these enterprises mitigate the risk of financial distress associated with inno-
vation failures, allowing CEOs to focus on investing in high-risk, high-return R&D 
projects, such as fundamental research or disruptive technologies, without the immedi-
ate pressures of short-term performance. 

Table 4. Regression results for the heterogeneity test. 

Full Sample 

CEO gender moderation Profitability moderation 

Option Pct -0.001 0.002*** 

Option Pct * Male 0.003*** / 

Male -0.091* / 

Option Pct * High ROA  0.001** 

High ROA  0.048* 

Size 0.356*** 0.356*** 

ROA -0.244* -0.475*** 

Leverage -0.121 -0.116 

Cash Ratio 0.531*** 0.510*** 

Sales Growth -0.019 -0.016 

Year Yes Yes 

Industry Yes Yes 

Pseudo R-squared 0.411 0.412 

N 13325 13325 

Note: The data in the table are regression coefficients of each variable, and ***, **, and * are significant at 

the significance level of 1%, 5% and 10% respectively. 

4.4 Robustness Test 

To ensure the reliability of empirical results, this study employed the variable replace-
ment approach for robustness testing. The fundamental concept of this method involves 
substituting the dependent or key explanatory variables with alternative indicators that 
share similar conceptual foundations but differ in measurement techniques, while main-
taining consistent model specifications [15]. This approach is utilized to ascertain 
whether the core conclusions are influenced by the definitions of the variables. Specif-
ically, in this study, the number of patent applications was substituted with the number 
of patent authorizations, applying the same logarithmic transformation. Patent applica-
tions are indicative of the initial outputs of innovation investment, whereas patent
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grants signify the ultimate acknowledgment of innovative accomplishments. Author-
ized patents are indicative of innovations with more advanced technology and greater 
commercial value, thereby assessing whether the core conclusions remain valid in the 
context of high-quality innovation [16]. Upon replacing the dependent variable, the co-
efficient for 𝑂𝑝𝑡𝑖𝑜𝑛 𝑃𝑐𝑡 remains positive and statistically significant at the 1% level 
(coefficient=0.002, p=0.000). This finding suggests that CEO option incentives not 
only encourage firms to engage in more innovative endeavors (patent applications) but 
also effectively facilitate the conversion of these endeavors into high-quality innovative 
outputs (patent authorizations). Consequently, this demonstrates that the research con-
clusions of this study exhibit strong robustness across different measurement methods 
of innovation output. 

5 Conclusion 

This study utilizes data from U.S. publicly listed companies spanning the period from 
1992 to 2021 to empirically examine the influence of CEO option incentives on corpo-
rate innovation outcomes, while further investigating the variability of this influence 
across different contexts. The empirical findings reveal a positive correlation between 
the magnitude of CEO option incentives and the number of patent applications. This 
relationship persists even after accounting for a series of firm-level controls as well as 
industry and year fixed effects. The mechanism of option incentives, which aligns the 
CEO’s personal interests with the long-term value of the firm, effectively encourages 
the CEO to undertake higher risks, thereby fostering increased innovative activities.  

Moreover, the research identifies a more pronounced effect of option incentives on 
innovation within firms led by male CEOs. This suggests that male CEOs may exhibit 
a heightened sensitivity to the risk incentives embedded in options and are more in-
clined to translate these incentives into high-risk innovation investments. Concurrently, 
the financial condition of the firm, particularly its profitability, moderates the efficacy 
of option incentives. In firms with greater profitability, the stimulative effect of option 
incentives on innovation is amplified. This finding indicates that while option incen-
tives serve as a catalyst for innovation, adequate financial resources and robust risk 
absorption capacity are critical enablers for CEOs to convert innovation intentions into 
tangible outcomes.   

In conclusion, this study substantiates that stock options, as a potent incentive mech-
anism, play a significant role in invigorating corporate innovation. However, their effi-
cacy is not static but is contingent upon the personal attributes of the CEO (such as 
gender) and the intrinsic conditions of the firm (such as profitability). Accordingly, 
when devising executive compensation frameworks, firms should thoroughly consider 
these internal and external factors to optimize the incentive effects, thereby more effec-
tively advancing sustained innovation and long-term corporate development. For in-
stance, highly profitable firms might leverage sufficient cash flow to establish an inno-
vation risk reserve, enabling the CEO to reinvest a portion (e.g., 5%) of option gains 
into high-risk R&D initiatives, thus creating an “incentive input-output” cycle. Con-
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versely, for less profitable firms, implementing a tranche vesting approach, which un-
locks a portion of options upon achieving interim innovation milestones (such as pro-
totype development or clinical trials), might mitigate the risk of incentive failure under 
financial constraints. 
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