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Abstract. This study empirically investigates the influence of Chief Executive 

Officer (CEO) equity incentives on corporate technological innovation and ex-

plores the boundary conditions of this relationship. Utilizing panel data from pub-

licly listed companies in the United States spanning from 1980 to 2021, the re-

search employs patent output as a quantitative measure of innovation perfor-

mance and applies a Poisson regression model to examine the effects of varying 

levels of equity incentive ratios. By incorporating lagged variables, the analysis 

accounts for dynamic persistence in innovation activities, while the inclusion of 

interaction terms facilitates the examination of the moderating role of corporate 

resource endowments, thereby enhancing the robustness of causal inference. The 

empirical results indicate that a 10%-point increase in the intensity of equity in-

centives corresponds to an average increase of 3.65% in patent applications and 

5.69% in patent grants, with these effects persisting for up to two years. Hetero-

geneity analysis reveals that the marginal effect of equity incentives diminishes 

markedly in firms characterized by larger scale and higher profitability. From a 

theoretical perspective, this research constructs a framework elucidating how 

compensation contracts influence innovation decision-making processes. Practi-

cally, the findings provide differentiated benchmarks for designing incentive 

schemes tailored to growth-stage and mature firms. The results offer valuable 

insights for firms seeking to develop dynamically aligned incentive strategies and 

for regulators aiming to enhance the oversight of innovation quality. 

Keywords: Equity Incentives, Enterprise Innovation Output, Patent Applica-

tions and Grants, Enterprise Resource Endowment, Poisson Regression. 

1 Introduction 

In contemporary corporate governance practice, motivating Chief Executive Officers 

(CEO) to prioritize strategic innovation activities over the pursuit of predictable short-

term profit objectives remains a fundamental challenge confronting the board of direc-

tors. Although technological innovation is widely acknowledged as the primary source 

of sustainable competitive advantage for firms, its value realization process is charac-

terized by considerable length and inherent uncertainty [1]. This process encompasses  
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stages ranging from research and development investments, to patent applications, to 
technological commercialization, and finally to market share acquisition, with each 
stage susceptible to failure risks. As the ultimate decision-maker responsible for inno-
vation strategies, the personal risk-return profile of the CEO is structurally misaligned 
with that of the shareholders [2]. Shareholders can mitigate the impact of individual 
project failures through diversified investment portfolios, whereas the CEO’s human 
capital and professional reputation are predominantly concentrated on the success or 
failure of the enterprise. This complex incentive compatibility problem underscores the 
urgent need for empirical investigation into the types of compensation contracts capable 
of effectively stimulating CEOs’ willingness to engage in innovation activities.  

Equity compensation, as a relatively low-cost mechanism within the executive in-
centive framework, has gained increasing importance in recent compensation practices. 
Compared to cash bonuses, equity incentives are predicated on the company’s future 
stock price rather than present performance, thereby theoretically directing CEOs to-
ward long-term value creation [3]. Nonetheless, the effectiveness of equity incentives 
in promoting innovation faces three primary challenges. First, the transmission from 
innovation output to stock price appreciation operates through a fragile chain, as tech-
nological success does not necessarily translate into market recognition, complicating 
CEOs’ ability to form clear expectations regarding the return on their effort. Second, 
the innovation value realization cycle often exceeds the equity maturity cycle, resulting 
in a mismatch between incentive timing and actual value creation [1]. Third, equity 
incentives may stimulate defensive innovation, prompting CEOs to pursue low-quality 
incremental innovations with minimal risk to maintain stock price stability, thereby de-
terring disruptive or high-impact exploration [4]. Consequently, the empirical focus of 
this study is to assess whether equity rewards serve as an effective lever to promote 
innovation, or whether they are merely symbolic arrangements with low implementa-
tion costs but questionable efficacy.  

This research analyzes panel data from U.S. listed firms spanning the period from 
1980 to 2021. Innovation performance is objectively measured through patent output, 
while a Poisson regression model is employed to examine the relationship between 
CEO equity incentives and innovation activities. The study investigates the temporal 
persistence of incentive effects by incorporating lagged variables, and introduces inter-
action terms considering firm size and profitability to explore whether the effectiveness 
of incentives diminishes heterogeneously with resource endowment. Empirical results 
indicate a significant positive correlation between equity incentive intensity and inno-
vation output, with this effect remaining robust across lagged periods. Furthermore, the 
coefficient associated with the interaction term suggests that the marginal contribution 
of incentives is notably attenuated in larger and more profitable firms, thus confirming 
the presence of a resource substitution mechanism and ruling out the explanation of 
purely resource-driven innovation.  

The contributions of this study are twofold. First, in terms of CEO-specific effects, 
the research systematically verifies the persistent impact of equity incentives on inno-
vation output in a long-term sample, clarifies the causal transmission pathway from 
compensation structures to risk-taking and innovation performance, and enhances un-
derstanding of the micro-foundations of CEO decision-making behavior. Second,
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within the domain of innovation determinants, this study advances beyond the tradi-
tional Research and Development (R&D) investment framework by utilizing patent 
data that encompass both quantity and quality dimensions and employing a count-based 
model tailored to its distribution characteristics. This methodological development pro-
vides an optimized paradigm for research on innovation incentives. Additionally, het-
erogeneity analyses reveal the boundaries within which compensation arrangements are 
effective, offering empirical evidence to guide differentiated policy formulations for 
growth versus mature enterprises, and providing valuable policy references for regula-
tors seeking to balance incentive costs with broader social benefits arising from tech-
nological spillovers. 

2 Literature Review 

Innovation serves as the central engine for enterprises to establish sustained competitive 
advantages and drive economic growth. Extant research identifies that a firm’s innova-
tion capability is shaped by both internal resource endowments, such as cash flow, hu-
man capital, and technological accumulation, and external environmental factors, in-
cluding market competition, intellectual property protection, and financing constraints, 
as informed by the Resource-Based View and Institutional Theory [5-6]. However, the 
inherent high risks, extended cycles, and unpredictable returns associated with innova-
tive activities highlight them as a concentrated manifestation of managerial agency 
problems. While shareholders benefit from residual claims on innovation success,
CEOs, as pivotal decision-makers, not only bear the risks related to professional repu-
tation loss and human capital devaluation due to innovation failure, but also face po-
tential dismissal resulting from short-term performance fluctuations [2]. Consequently, 
the CEO’s risk preferences and decision-making perspectives constitute key micro-
foundational elements in converting enterprise resource potential into tangible innova-
tion output. This provides a theoretical avenue for assessing innovation determinants 
through the lens of executive incentives. 

The CEO’s willingness to undertake risks is pivotal in determining the extent to 
which a company dedicates resources to exploratory innovation activities. Agency The-
ory posits that managers are generally risk-averse due to career-centered goals and 
wealth concentration effects, often curtailing high-risk innovation investments to stabi-
lize short-term performance [7]. Subsequent research underscores that individual char-
acteristics, such as the CEO’s age, tenure, early experiences, and personal wealth struc-
ture, significantly influence their risk tolerance [8]. It has been observed that younger 
CEOs and those with cross-industry experience typically exhibit a stronger exploratory 
drive. Simultaneously, external governance mechanisms, such as analyst coverage, in-
stitutional investor shareholding, and product market competition, indirectly modulate 
managerial risk-taking levels by shaping their short-term or long-term focus [9]. From 
a consequential perspective, moderate risk-taking is conducive to technological break-
throughs and long-term value creation, whereas excessive risk pursuits may lead to 
overinvestment and consequent value destruction [10]. Therefore, effectively calibrat-
ing the CEO’s risk-taking behavior to align with shareholders’ long-term interests and 
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the firm’s innovation objectives constitutes a principal issue in corporate governance 
research. 

The economic implications of CEO compensation structures, as a core mechanism 
for alleviating agency issues, have attracted substantial scrutiny. Theoretical insights 
suggest that relative to cash compensation, equity incentives can entrench managerial 
wealth with long-term shareholder value through residual claims [3]. Particularly, when 
coupled with an extended equity lock-up period, this mechanism fosters a profound 
linkage between the incentive’s value and the long-term stock price, which can over-
come managers’ risk aversion constraints and motivate them to undertake high-risk 
projects with positive net present value, including long-term innovation activities.   

While existing literature offers multiple perspectives on the interrelation between 
CEO incentives and corporate innovation, there remains an absence of a unified frame-
work to systematically examine the complete causal chain connecting CEO equity in-
centive design, risk-taking motivation, and innovation output performance. Further
clarity is required on the effective boundaries of these incentive tools within the context 
of heterogeneous corporate resources. This study seeks to address the aforementioned 
gaps by integrating Agency Theory, Risk-Taking Theory, and innovation economics, 
thereby elucidating the conditional and dynamic effects of equity incentives on inno-
vation output. In practice, this research provides empirical insights for crafting differ-
entiated compensation contracts for enterprises and enhancing incentive information 
disclosure for regulatory bodies.  

3 Data and Methodology 

This article selects U.S. listed companies from 1980 to 2021 as the initial sample, and 
the data mainly comes from three databases: Duke DESCERN, ExecutuComp, and
Compustat North America. Industry classification is based on the American SIC stand-
ard. To ensure the reliability of the results, select consolidated reports from the initial 
sample, exclude financial reports, and choose reports in U.S. dollars.  

3.1 Explained Variables – Enterprise Innovation Output 

In this article, enterprise innovation is measured by adding the natural logarithm of (1 
+ the number of patent applications / patent grants) from Duke DISCRON. The selection 
of these two indicators is mainly based on the following considerations: firstly, com-
pared to R&D investment, patent data can more directly reflect innovation output rather 
than investment willingness. R&D investment only measures the resource investment 
of enterprises in innovation activities, and there is an efficiency loss problem of “high 
input, low output” [11]. In addition, some R&D expenditures in accounting treatment 
may be expensed or capitalized, which limits cross enterprise comparability. Patents 
are the substantive achievements of innovation activities, which have been screened 
internally and reviewed externally by enterprises, and can better represent their true 
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innovation capabilities [11]. Moreover, patent data has the advantages of strong objec-
tivity, small manipulation space, and high information transparency, especially suitable 
for large sample cross period comparisons.    

Specifically, the number of patent applications reflects the boundaries of innovation 
activity and R&D efficiency, reflecting the immediate motivation and ability of enter-
prises to transform technological achievements into intellectual property, with a rela-
tively short time lag; While the number of licenses has passed the substantive review 
of the national intellectual property administration, forming a quality screening on
“novelty, creativity and practicality”, which can better reflect the technical value and 
market protection intensity, but there is a 2-3 year lag in approval [12]. This article 
adopts both methods simultaneously, aiming to balance the dual verification of quantity 
elasticity and quality robustness.    

In addition, considering that the patent distribution is highly skewed to the right, the 
number of patent applications and grants is added to the logarithm to alleviate hetero-
scedasticity and non-normality issues, making the data closer to a normal distribution. 
Some companies have zero patent numbers, so the logarithm is undefined. Adding one 
ensures that zero values are retained and the monotonicity of the function remains un-
changed. The study applied 1% and 99% tail trimming to handle outliers in these two 
variables, named 𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴𝐿𝐿𝑃𝑃 + 1) and 𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐺𝐺𝐺𝐺𝑃𝑃𝑃𝑃𝑃𝑃 + 1).  

3.2 Explanatory Variable – CEO Equity Incentive Intensity 

The data for equity incentive is sourced from ExecuComp and is defined as the ratio of 
the CEO’s annual stock rewards value to their total compensation package 
(𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃). This metric directly reflects the proportion of long-term incen-
tive elements within the compensation structure and serves as a core proxy for evaluat-
ing the extent of interest alignment between shareholders and management.    

To ensure data integrity, a multi-step process is employed to address outliers: ini-
tially, observations are excluded if they exhibit missing total compensation or report 
non-positive values that are less than the stock awards granted in the given year, to 
avoid logical discrepancies where equity value surpasses total compensation. Further-
more, any missing equity grant value is treated as zero, indicating no equity grant for 
that year. Secondly, utilizing a winsorization approach, values lying beyond the 1% 
quantile thresholds in the upper and lower tails of the 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 distribution 
are replaced with the corresponding boundary values. This method mitigates the influ-
ence of right-skewed distributions and abnormal observations on regression outcomes 
while retaining the integrity of valid sample data. 

3.3 Control Variables - Financial Variables 

The analysis controls for additional factors potentially influencing corporate innova-
tion, including firm size (measured by the logarithm of total assets, represented as 
𝑆𝑆𝐴𝐴𝑆𝑆𝑃𝑃), 𝐿𝐿𝑃𝑃𝑒𝑒𝑃𝑃𝐺𝐺𝑃𝑃𝐿𝐿𝑃𝑃, 𝐶𝐶𝑃𝑃𝑅𝑅ℎ 𝑅𝑅𝑃𝑃𝑃𝑃𝐴𝐴𝐿𝐿, 𝑆𝑆𝑃𝑃𝐴𝐴𝑃𝑃𝑅𝑅 𝐺𝐺𝐺𝐺𝐿𝐿𝑅𝑅𝑃𝑃ℎ, and return on assets (𝑅𝑅𝑅𝑅𝐴𝐴), utilizing 
data from Compustat North America. Observations with total assets less than $10 mil-
lion, sales revenue below $1 million, and those with missing values are excluded from 
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the sample. All continuous variables undergo winsorization, with truncation at the up-
per and lower 1% quantiles to ensure the robustness of estimation results. 

3.4 Descriptive Statistics 

Following the aforementioned data processing, the study yields a dataset comprising 
15,811 annual observations across companies. Of these, 11,450 samples are analyzed 
using a Poisson regression model to examine factors influencing the number of patent 
applications. Table 1 presents the descriptive statistical outcomes for the key variables 
within this sample. 

From the innovation output perspective, the mean of 𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴𝐿𝐿𝑃𝑃 +
 1) is 2.729, with the 75th percentile at 3.989 and a maximum of 7.230. The distribution 
exhibits a distinct right-skewed pattern, suggesting that the innovation output of a few 
leading firms significantly exceeds the industry average. The mean of
𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐺𝐺𝐺𝐺𝑃𝑃𝑃𝑃𝑃𝑃 +  1) is slightly lower than that of applications (2.539), reflecting 
the presence of examination cycles and quality screening in the patent granting process. 
Nevertheless, the highly similar distribution patterns between the two measures affirm 
the robustness of the innovation metrics.  Regarding the core explanatory variable, the 
mean 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 is 0.175, indicating that CEO equity compensation consti-
tutes an average of 17.5% of their total remuneration, underscoring the pivotal role of 
equity incentives in the U.S. executive compensation framework. However, the stand-
ard deviation of this variable is notably high at 0.259, with a 25th percentile of 0 and a 
75th percentile of 0.358, revealing substantial heterogeneity in the intensity of incen-
tives across firms. A considerable number of firms have not adopted such long-term 
incentive mechanisms, and there are also some young companies or family-controlled 
companies whose CEOs are held by major shareholders, resulting in a high CEO share-
holding ratio (maximum value of 0.876). This ample variation provides an ideal foun-
dation for discerning the causal effects of equity incentives on innovation. The statisti-
cal distributions of control variables fall within reasonable parameters, preliminarily 
validating the efficacy of data cleaning and outlier management.  

Table 1. Descriptive statistical results. 

Variable Count Mean  Std. Min. 25% 50% 75% Max. 
Log (Patent Applica-

tion +1) 
11450 2.729  1.878 0.000 1.386 2.639 3.989 7.230  

Log (Patent Grant 
+1) 

15811 2.539  1.832 0.000 1.099 2.398 3.807 7.170  

Stock Rewards Pct 15811 0.175  0.259 0.000 0.000 0.000 0.358 0.876  
Size 15811 7.458  1.746 3.865 6.187 7.368 8.573 12.055 
ROA 15811 0.129  0.109 -0.360 0.087  0.134 0.184 0.389  

Leverage 15811 0.183  0.166 0.000 0.021 0.162 0.283 0.758  
Cash Ratio 15811 0.189  0.187 0.002 0.043 0.123 0.281 0.789  

Sales Growth 15811 0.118  0.293 -0.511 -0.012 0.073 0.185 1.674  
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3.5 Empirical Model 

Given that the patent data continue to exhibit a significant Poisson distribution even 
after logarithmic transformation, with the residuals remaining non-normal, this study 
employs a multiple Poisson regression model to obtain unbiased parameter estimates 
and to assess the impact of CEO equity incentives on corporate innovation. The regres-
sion model is specified as follows.  

𝐼𝐼𝑃𝑃𝑃𝑃𝐿𝐿𝑒𝑒𝑃𝑃𝑃𝑃𝐴𝐴𝐿𝐿𝑃𝑃 𝑅𝑅𝑂𝑂𝑃𝑃𝐴𝐴𝑂𝑂𝑃𝑃𝑖𝑖,𝑡𝑡  = 𝛽𝛽0 + 𝛽𝛽1𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃𝑖𝑖,𝑡𝑡 + 𝜷𝜷𝟐𝟐𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪′𝒊𝒊,𝑪𝑪 +
𝛼𝛼𝑗𝑗 + 𝛾𝛾𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡  (1) 

Here, 𝐴𝐴 denotes the specific company, 𝑃𝑃 denotes the year, and 𝑗𝑗 denotes the industry. 
The variable 𝐼𝐼𝑃𝑃𝑃𝑃𝐿𝐿𝑒𝑒𝑃𝑃𝑃𝑃𝐴𝐴𝐿𝐿𝑃𝑃 𝑅𝑅𝑂𝑂𝑃𝑃𝐴𝐴𝑂𝑂𝑃𝑃  includes 𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴𝐿𝐿𝑃𝑃 + 1)  and 
𝐿𝐿𝐿𝐿𝐿𝐿 (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐺𝐺𝐺𝐺𝑃𝑃𝑃𝑃𝑃𝑃 + 1). The term 𝛽𝛽0 represents the intercept, capturing the baseline 
level of innovation output. The vector 𝐶𝐶𝐿𝐿𝑃𝑃𝑃𝑃𝐺𝐺𝐿𝐿𝐴𝐴𝐶𝐶𝑃𝑃𝐺𝐺 includes other control variables that 
account for time-varying factors at the firm level. 𝛼𝛼𝑗𝑗 is the industry fixed effects incor-
porated to control for unobservable industry-specific factors that do not change over 
time. Year fixed effects 𝛾𝛾𝑡𝑡 is included to capture the macroeconomic influences expe-
rienced by all firms in a given year. The term 𝜀𝜀𝑖𝑖,𝑡𝑡  denotes the random error component, 
which encompasses other unobserved disturbance factors at the firm-year level. 

4 Research Results and Analysis 

4.1 Baseline and Lag Analysis 

To evaluate the fundamental impact of CEO equity incentives on corporate innovation 
and to assess their dynamic sustainability, this study initially employs a Poisson regres-
sion model on the full sample for baseline testing. Recognizing the inherent time lag 
between input and output in innovation activities, the incentive effect of stock-based 
rewards may only fully manifest in subsequent periods. Consequently, a lagged variable 
of equity incentives is included to capture the long-term influence and to differentiate 
between immediate incentive responses and sustained innovation incentives. 

Table 2. Baseline regression results. 

Log (Patent Application +1) Log (Patent Grant +1) 
(1) (2) (1) (2) 

Stock Rewards Pct  
0.183*** 
(3.173) 

0.124*** 
(2.888) 

0.222*** 
(3.610) 

0.169*** 
(3.766) 

Stock Rewards Pct  
(Lagged 1 year) 

/ 
0.098*** 
(2.910) 

/ 
0.108*** 
(2.972) 

Size 
0.324*** 
(21.938) 

0.320*** 
(22.148) 

0.340*** 
(27.797) 

0.332*** 
(28.879) 

ROA 
(0.991) (1.020) (-0.240) (-0.196) 

Leverage -0.037 -0.027 -0.064 -0.057 
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Log (Patent Application +1) Log (Patent Grant +1) 
(1) (2) (1) (2) 

(-0.411) (-0.302) (-0.816) (-0.715) 

Cash Ratio 
0.465*** 
(6.062) 

0.450*** 
(5.824) 

0.441*** 
(7.151) 

0.446*** 
(8.129) 

-0.017 -0.008 -0.186*** -0.142** 
(-0.495) (0.037) (-2.604) (-2.245) 

Year Yes Yes Yes Yes 
Industry Yes Yes Yes Yes 

Pseudo R-squared 0.431 0.472 0.426 0.496 
N 11450 10870 15811 14280 

Note: The data in the table are regression coefficient and t-value of each variable, and ***, **, and * are 
significant at the significance level of 1%, 5% and 10% respectively. 

A multiple Poisson regression model is used to analyze the effects of both current 
and lagged equity incentive intensity, with the logarithms of patent applications and 
patent authorizations serving as the dependent variables. The model controls for indus-
try and year fixed effects to account for unobservable heterogeneity at these levels. To 
address potential issues of overdispersion in patent data and residual non-normality, 
Poisson pseudo maximum likelihood estimation is employed to obtain robust standard 
errors and ensure unbiased parameter estimates.   

The results presented in Table 2 indicate that the coefficient of 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 
is significantly positive at the 1% significance level for both patent applications and 
patent grants. Specifically, a one-unit increase in CEO equity incentive intensity is as-
sociated with an increase of 0.183 units in the logarithm of the current period’s patent 
applications, implying that a one-standard-deviation increase in CEO equity incentives 
corresponds to an average 13.25% (calculated as exp[ln(2.729) + 0.183 × 0.259] − 
2.729) increase in the company’s patent application output. Similarly, the logarithm of 
patent grants coefficient is 0.222, indicating a 15.02% increase in grant output under 
the same condition.  After including the lagged incentive variable, although the coeffi-
cients for the current period decline, they remain statistically significant at the 1% level 
(0.124 and 0.169 respectively). The lagged coefficients are also significantly positive, 
measured at 0.098 and 0.108. These findings confirm that equity incentives exert a sus-
tained positive impact on innovation output over a two-year horizon. This suggests that 
equity incentives not only stimulate immediate innovation investments by management 
but also influence long-term innovation orientations through mechanisms of interest 
alignment. Such effects hold important implications for corporate governance, as they 
serve to mitigate shortsightedness and promote ongoing innovation within enterprises. 

4.2 Heterogeneity Analysis 

To complement the causal evidence provided by the baseline regression and to examine 
the moderating influence of enterprise resource endowment, this study further investi-
gates the effectiveness of equity incentives across different organizational contexts. 
Theoretically, firms with abundant financial resources, such as large enterprises or
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those with high profit levels, possess stronger internal capacities for innovation invest-
ment, thereby reducing their reliance on additional incentives for CEOs [13]. If the 
effectiveness of equity incentives diminishes within such resource-rich firms, it would 
reinforce the causal chain of “equity incentives driving innovation” and help eliminate 
explanations rooted solely in resource-driven competition.  

Table 3. Regression results for the heterogeneity test. 

Corporate Size Moderation Corporate ROA Moderation 
Log Application Log Grant Log Application Log Grant 

Stock Rewards Pct  
(5.313) (8.222) (4.271) (5.626) 

0.367*** 0.477*** 0.266*** 0.282*** 

Large Size 
0.210*** 
(5.925) 

0.244*** 
(6.358) 

/ / 

Stock Rewards Pct * -0.281*** -0.378*** 
/ / 

Large Size (-3.357) (-5.231) 

High ROA / / 
0.104*** 
(5.271) 

0.107*** 
(3.323) 

Stock Rewards Pct * -0.168*** -0.118** 
High ROA 

/ / 
(-3.361) (-2.051) 

0.296*** 0.306*** 0.325*** 0.342*** 
Size 

(36.682) (20.414) (22.396) (28.898) 
0.221 -0.065 -0.012 -0.369 

ROA 
(0.937) (-0.313) (-0.045) (-1.475) 
-0.060 -0.090 -0.026 -0.048 

Leverage 
(-0.661) (-1.151) (-0.290) (-0.620) 
0.487*** 0.417*** 0.466*** 0.431*** 

Cash Ratio 
(5.917) (7.937) (6.818) (7.143) 
-0.017 -0.183** -0.017 -0.185** 

Sales Growth 
(-0.482) (-2.488) (-0.466) (-2.560) 

Year Yes Yes Yes Yes 
Industry Yes Yes Yes Yes 

Pseudo R-squared 0.436 0.433 0.432 0.427 
N 11450 15811 11450 15811 

Note: The data in the table are regression coefficient and t-value of each variable, and ***, **, and * are 
significant at the significance level of 1%, 5% and 10% respectively. 

Specifically, heterogeneity analysis employs a moderation effect model that con-
structs categorical dummy variables based on firm size and profitability. Industry-spe-
cific medians are calculated annually, and for each sample, a value of 1 is assigned if 
the firm’s size or return on assets exceeds the industry median, otherwise it is assigned 
a value of 0. Interaction terms between 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 and these dummy varia-
bles, namely, 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 ∗  𝐿𝐿𝑃𝑃𝐺𝐺𝐿𝐿𝑃𝑃 𝑆𝑆𝐴𝐴𝑆𝑆𝑃𝑃  and 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 ∗
 𝐻𝐻𝐴𝐴𝐿𝐿ℎ 𝑅𝑅𝑅𝑅𝐴𝐴, are included to assess moderating effects of resource endowment on the 
relationship between equity incentives and innovation output. 
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The results of the heterogeneity test are presented in Table 3. The coefficients of the 
interaction terms between 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 and 𝐿𝐿𝑃𝑃𝐺𝐺𝐿𝐿𝑃𝑃 𝑆𝑆𝐴𝐴𝑆𝑆𝑃𝑃 in the patent applica-
tion and grant models are −0.281 (t = −3.357) and −0.378 (t = −5.231), respectively, 
both of which are statistically significant at the 1% level. Similarly, the interaction 
terms involving 𝑆𝑆𝑃𝑃𝐿𝐿𝐴𝐴𝑆𝑆 𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐺𝐺𝑅𝑅𝑅𝑅 𝑃𝑃𝐴𝐴𝑃𝑃 and 𝐻𝐻𝐴𝐴𝐿𝐿ℎ 𝑅𝑅𝑅𝑅𝐴𝐴 reveal significant negative mod-
erating effects, with coefficients of −0.168 and −0.118, respectively. These findings 
suggest that although large and high-profit firms inherently possess stronger innovation 
foundations, as indicated by the significantly positive coefficients of 𝐿𝐿𝑃𝑃𝐺𝐺𝐿𝐿𝑃𝑃 𝑆𝑆𝐴𝐴𝑆𝑆𝑃𝑃 and 
𝐻𝐻𝐴𝐴𝐿𝐿ℎ 𝑅𝑅𝑅𝑅𝐴𝐴, the marginal contribution of equity incentives is significantly diminished 
in these resource-abundant enterprises. This supports the resource substitution hypoth-
esis, whereby equity incentives primarily serve to compensate for resource limitations 
in resource-constrained firms. In such environments, equity incentives effectively mo-
tivate management to undertake higher-risk innovation investments, whereas in re-
source-rich firms, where innovation activities are already well established, the incre-
mental effect of additional incentives is substantially reduced. 

This evidence not only bolsters the robustness of the causal inference but also delin-
eates the boundary conditions for the effectiveness of incentive tools. Specifically, the 
design of long-term incentive mechanisms should be dynamically aligned with the
firm’s resource endowment to maximize their innovation-promoting effects. 

5 Conclusion 

This empirical investigation demonstrates that CEO equity incentives exert a signifi-
cant positive influence on corporate innovation activities. Importantly, this effect re-
mains statistically significant in the lagged period, indicating that equity incentives are 
effective in mitigating managers’ short-termism by aligning their long-term interests 
with those of shareholders. This alignment encourages management to allocate re-
sources toward high-risk, long-term innovative projects. Further heterogeneity analysis 
reveals that the marginal impact of equity incentives is more pronounced in resource-
constrained enterprises, whereas it diminishes substantially in large and high-profit 
firms. This “resource incentive” substitution effect enhances the credibility of the
causal identification and delineates the effective boundaries of compensation incen-
tives. Specifically, in firms with ample financial resources, simply increasing equity 
incentives is unlikely to generate proportionate incremental innovation. Under such cir-
cumstances, the focus should shift toward optimizing innovation decision-making pro-
cesses or integrating other governance mechanisms.  

These findings have direct implications for corporate compensation design and reg-
ulatory policies. First, enterprises should establish a dynamically matched incentive 
system. Growth firms with comparatively limited resources can leverage equity incen-
tives as a key driver of innovation, potentially compensating for insufficient innovation 
investments through moderate increases in equity grant ratios. Conversely, resource-
abundant firms should exercise caution against excessive incentives and instead focus 
on refining governance practices, such as optimizing equity structure design and estab-
lishing clear innovation milestone conditions, to prevent the erosion of net innovation 
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benefits caused by high incentive costs. Second, regulators should be attentive to the 
dual externalities associated with equity incentives. Although they can effectively stim-
ulate increased investment in technological innovation and promote social benefits 
through technological spillovers, they may also motivate management to strategically 
inflate patent quantities or engage in excessive risk-taking to meet exercise conditions. 
Consequently, policy formulation should promote long-term innovation incentives 
while simultaneously enhancing information disclosure rules for listed companies’ eq-
uity incentives. It is essential to strengthen monitoring and supervision of the rationality 
of exercise performance conditions and innovation quality indicators, such as citation 
frequency and technological originality, to ensure that incentive mechanisms serve sub-
stantive innovation objectives rather than superficial numerical achievements. 
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