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Abstract 

This thesis aims to detect the relationship between innovation and three important topics in corporate 

finance, including annual report readability, dividend smoothing and corporate payout preference. 

Innovation, unlike the traditional projects, is intuitively associated with higher risk and lower 

transparency. However, as the main engine of growth, innovation indicates firms are focusing on the 

long-run performance and are trying to improve their future prospects. Therefore, information 

incorporated in innovation can be more complicated than envisioned. To delineate the information 

and signals conveyed by innovation, our study focuses on three pervasive issues in corporate finance: 

annual report readability, dividend smoothing, and corporate payout. 

 Our research starts from the relationship between innovation and annual report readability. We 

introduce four innovation indicators, namely innovation incentive, innovation intensity, innovation 

value, and innovation efficiency, with each capturing and reflecting different aspects and the 

performance involved in innovation activities. We show that less readable annual reports are 

positively correlated with innovation performance, including innovation incentive, innovation 

intensity, and innovation value. We also document that firms tend to use unreadable annual reports 

as substitutes for the accrual-based earnings management, but as the complements for the real 

earnings management. Thus, the relationship between annual report readability and innovation is 

more pronounced in firms with aggressive real earnings management, but less accrual earnings 

management. Introducing the accounting expertise and the product market competition, we also prove 

that the low readability is an intentional choice, instead of a phenomenon related to the complex 

business. Overall, our findings provide novel insights that innovation, unlike traditional projects, is 

able to go along with unreadable and less clear annual reports. 

 Motivated by the increasingly universal and pervasive dividend smoothing, our second essay 

addresses whether innovation level is associated with the degree of dividend smoothing. We find that 

more innovative firms tend to have higher degree of dividend smoothing. This relationship continues 

to hold after correcting the endogeneity bias, replacing ex-post measures of innovation with the ex-

ante R&D intensity and normalizing innovation by industry. We further introduce the financial 

constraints, finding that instead of encouraging dividend smoothing, financial constraints reduce the 



degree of dividend smoothing in the innovative companies. Our study also demonstrates that the 

positive relationship between innovation and dividend smoothing is more pronounced in firms with 

low cash holdings, while dividend smoothing is especially attractive to those without sufficient cash 

reserve. Finally, we show that the level of innovation is positively correlated with the degree of 

dividend smoothing only when firms are covered by few analysts. Overall, this study provides novel 

empirical evidence on the relationship between innovation and dividend smoothing.  

 In our third essay, we focus on corporate payout preference, as how firms determine their payout 

policy is a central topic in corporate finance. We analyze the association between innovation and 

corporate payout preference, predicting and confirming that firms with more innovation, measured 

by increasing number of patents and higher patent value, prefer to use share repurchases as their 

payout methods. This relationship is more pronounced in firms without financial constraints. Other 

factors, such as temporary cash flows and volatility, can also affect the payout policy in the innovative 

firms. Our results further prove that internally created innovation, instead of externally purchased 

technology, can mainly account for the positive correlation between innovation and share repurchases. 

Overall, the novel nature of our findings provides compelling evidence that innovative firms have a 

preference for flexible share repurchases over dividends as their payout methods. 

 



Chapter 1 

Introduction 

1.1 Background and Motivation 
As the main engine of growth, innovation is crucial for firms’ long-term development. However, 

pursuing innovation is not an easy process. As summarized by Holmstrom (1989), innovative projects 

are risky, unpredictable, long-term and multi-stage, labor intensive, as well as idiosyncratic. However, 

the United States Trademark and Patent Office (USPTO) has witnessed the increasing number of 

inventors and assignees in most countries from 1976 to 2022, suggesting that despite the uncertainty 

and substantial inputs, pursuing innovation is becoming a trend for companies. Thus, it is interesting 

to ask why firms have become more innovative? Are there some changes brought by innovative 

motivation? Therefore, in this thesis, we wish to address these questions using three individual, but 

inter-linked essays, exploring the relationship between innovation and three issues in corporate 

finance, including annual report readability, dividend smoothing and corporate payout preference. 

Our first essay focuses on the relationship between innovation and annual report readability, as 

well as the impacts from earnings management. Corporate annual reports serve as the primary source 

of information for capital market participants (Loughran and McDonald, 2014; Ertugrul et al., 2017). 

Numerous studies have documented the benefits of the readable and clear annual reports, such as 

mitigating information uncertainty, communicating better with outsiders and reducing external 

financing cost (Ertugrul et al., 2017; Lo, Ramos, and Rogo, 2017; Hoffmann and Kleimeier, 2019). 

However, firms may consider using a complex vocabulary (e.g. special terms) or hiding some 

confidential information in their annual reports to maintain their competitive advantages and status 

in the market and protect against proprietary costs from current and potential rivals (Ellis, Fee, and 

Thomas, 2012; Lim, Chalmers, and Hanlon, 2018). Thus, investors and other outsiders may not obtain 

what they want from firms’ annual reports. Having said that, innovation is a strong positive indicator 

for future prospects and a main engine of growth (Aghion, Van Reenen, and Zingales, 2013; 

Hirshleifer, Hsu and Li ,2013), delivering the message that firms are currently operating well (Griffin, 

Hong, and Ryou, 2018). Therefore, investors, other outsiders and even analysts may not solely rely 

on the corporate annual reports, as the presence of innovation has already conveyed a positive signal. 

With this backdrop, in this chapter, we wish to emphasize the relationship between innovation and 



 

annual report readability. If firms cannot generate a clear and readable annual report, have market 

participants shown understanding to those firms based on their innovative development? Given the 

special characteristics of innovative projects (e.g., high risk, long-time horizon and confidentiality), 

whether disclosing annual reports less clear (i.e. a lower level of readability and a higher level of 

complexity in reports) is positively or negatively correlated with firms’ innovation performance?  

Our second essay investigates the relationship between innovation and dividend smoothing. 

Dividends constitute one of the most important activities for firms as an informed manager should 

allocate earnings between investment and dividends (Guttman, Kadan, and Kandel, 2010). In a survey 

conducted by Brav et al. (2005), 89.6% of financial executives agree that they try to maintain a 

smoothed dividend stream. Besides, the market tends to put a premium on stability or gradual growth 

in dividend rate, but penalizes firms with dividend cutting (Lintner, 1956; Mantripragada, 1976; 

Guttman, Kadan, and Kandel, 2010; Gugler, 2003). Thus, dividend smoothing is universal and 

pervasive. Several studies have documented the explanations of dividend smoothing, while the most 

commonly cited explanations for dividend smoothing are the information asymmetry model and 

agency-based model. Innovation, despite a positive signal, is a major contributor to information 

asymmetry. As summarized by Aboody and Lev (2000), little observable information and limited 

organized market contribute to the insider gains. Besides, the agency cost is also especially high in 

those firms, as they are risky, unpredictable, long-term and multi-stage, labor intensive, as well as 

idiosyncratic (Holmstrom, 1989). Dividend smoothing can address the information asymmetry in 

innovative firms, as the stable dividends suggest persistent earnings (Wu, 2018; García-Feijóo, 

Hossain, and Javakhadze, 2021). In addition, it could also mitigate the agency costs for firms with 

greater susceptibility to free cash flow problems (Leary and Michaely, 2011). Given these two crucial 

functions of dividend smoothing, we propose our research question in this chapter: Whether 

innovation level is associated with the degree of dividend smoothing? 

 In essay three, we are interested in the corporate payout policy, which is also a central topic in 

corporate finance. Repurchases and dividends are cash payout methods, while firms need to choose 

the form of payout between dividends and repurchases after deciding the optimal level of cash 

distribution (Eisdorfer, Giaccotto, and White, 2015). Numerous studies have detected how firms 

make decisions on their payout policy (e.g., Barclay and Smith, 1988; Fenn and Liang, 2001; Brav et 

al., 2005; Bonaimé, Hankins, and Harford, 2014; Floyd, Li, and Skinner, 2015; Arena and Julio, 

2021), while one important disparity between repurchases and dividends is the managers’ attitudes 

towards the permanence of the cash-flow shock. Firms prefer share repurchases instead of dividends 

if managers believe that the excess cash is transitory and cash flows are temporary with higher 

volatility, as share repurchases, representing episodic signals, are more flexible, while dividends tend 



  

to be sticky and increase steadily (Asquith and Mullins, 1986; Jagannathan, Stephens, and Weisbach, 

2000; Kahle, 2002; Andres et al., 2015; Eisdorfer, Giaccotto, and White, 2015; Floyd, Li, and Skinner, 

2015; Caton et al., 2016). High uncertainty and risk, as well as greater competition, make the 

innovative outcome less predictable (Jalonen, 2011; Bowers and Khorakian, 2014). Thus, the flexible 

share repurchases can be especially attractive to firms with substantial innovative projects. With this 

backdrop, we propose our research questions in this chapter: Are innovative firms more likely to 

choose share repurchases as their payout methods? If so, are there some other relevant determinants? 

1.2 Findings and Contributions 
This thesis demonstrates novel findings related to innovation, contributing to the existing literature 

in corporate finance, from three different dimensions. In the first essay, we show that less readable 

annual reports are positively correlated with innovation performance, including innovation incentive, 

innovation intensity, and innovation value. We also document that firms tend to use unreadable 

annual reports as substitutes for the accrual-based earnings management, but as the complements for 

the real earnings management. Thus, the relationship between annual report readability and 

innovation is more pronounced in firms with aggressive real earnings management, but less accrual 

earnings management. Introducing the accounting expertise and the product market competition, we 

also prove that the low readability is an intentional choice, instead of a phenomenon related to the 

complex business.   

Our first essay contributes to the growing literature on the annual report readability, which is a 

non-quantitative factor. Despite various impacts of annual report readability (Lehavy, Li, and 

Merkley, 2011; Lo, Ramos, and Rogo, 2017; Ertugrul et al., 2017; Hoffmann, and Kleimeier, 2019; 

Rjiba et al., 2021), existing literature fails to document the relationship between innovation and 

annual report readability. To the best of our knowledge, this is the first study providing the empirical 

evidence that less readable annual report comes with a positive innovation performance, implying 

that innovation activities, unlike the traditional projects, are able to go along with complex annual 

reports. This chapter further adds to the earnings management literature, by testing whether earnings 

management and low readability in annual reports are complements or substitutes, as well as the joint 

effects of earnings management and annual report readability for innovation. Innovation, though 

critical to economic growth, is suffering from moral hazard and adverse selection (Mann, 2018). Due 

to the risk and long-horizon nature of innovation, companies with innovation are likely to engage in 

earnings manipulation and borrow from future earnings to boost current earnings. Our results suggest 

that firms tend to use unreadable annual reports as substitutes for the accrual-based earnings 

management, as both are related to how to present and disclose some given transactions, while the 

accrual earnings management is easy to be detected. However, the difficult-to-read annual reports are 



 

complements for the real earnings management, which causes the suboptimal business consequences 

and changes the real cash flows (Zang, 2012), demonstrating that firms who alter real activities for 

manipulating earnings tend to reduce the reading ease of their annual reports. Importantly, we show 

that less readable annual reports provide firms with opportunities to conduct earnings management 

and reduce the probabilities of being detected by external participants. This also supports Gunny 

(2010), who proposes the positive role of earnings management, including attaining benefits, 

enhancing credibility and conveying positive signal for future value. Finally, this chapter also yields 

some practical implications. We show that investors and outsiders will not solely rely on corporate 

annual reports, while the positive signals conveyed by the innovation make market participants more 

lenient with the complex annual reports. Even if these firms do not have readable annual reports, 

capital market participants can still have a strong belief to these firms because of their innovation.  

In our second essay, we find that more innovative firms tend to have higher degree of dividend 

smoothing. We further introduce the financial constraints, finding that instead of encouraging 

dividend smoothing, financial constraints reduce the degree of dividend smoothing in the innovative 

companies. Our study also demonstrates that the positive relationship between innovation and 

dividend smoothing is more pronounced in firms with low cash holdings, while dividend smoothing 

is especially attractive to those without sufficient cash reserve. Finally, we show that the level of 

innovation is positively correlated with the degree of dividend smoothing only when firms are 

covered by few analysts. 

This chapter contributes to the existing literature in several strands. First, despite a large academic 

coverage related to the determinants of dividend smoothing (Rozeff, 1982; Aivazian, Booth, and 

Cleary, 2006; Guttman, Kadan, and Kandel, 2010; Lambrecht and Myers, 2012; Wu, 2018; García-

Feijóo, Hossain, and Javakhadze, 2021), to date, direct relationship between innovation and dividend 

smoothing remains unexplored, thus, we seek to fill this void, providing empirical evidence that firms 

with more innovation tend to smooth their dividends heavily. Second, findings in this chapter support 

the information asymmetry theory and agency-based theory related to dividend smoothing, as 

innovation is highly associated with both asymmetric information and agency costs (Holmstrom, 

1989; Aboody and Lev, 2000). Finally, this chapter also provides some guidance to managers, 

regarding the analyst following. Despite some pressure brought by analysts, the presence of analysts 

can alleviate firm’s concern of their unsustainable dividends.  

 In essay three, we predict and confirm that firms with more innovation, measured by increasing 

number of patents and the valuable patents, prefer to use share repurchases as their payout methods. 

This is because share repurchases are more flexible compared to dividends, namely, firms can begin, 

suspend, resume and terminate the repurchases anytime. While this advantage is especially appealing 



 

to firms conducting innovation, which intuitively comes with higher uncertainty and risk, long 

horizon, as well as less predictable outcomes (Jalonen, 2011; Andres et al., 2015; Eisdorfer, Giaccotto, 

and White, 2015; Floyd, Li, and Skinner, 2015; Caton et al., 2016). Our results also yield that this 

relationship is more pronounced in firms without financial constraints, and those with large amount 

of non-operating income and higher income volatility. We finally prove that the internally created 

innovation, instead of externally purchased technology, can mainly account for the positive 

correlation between innovation and share repurchases. 

 We make several contributions in this chapter. Prior studies have revealed the differences 

between share repurchases and dividends (Ofer and Thakor, 1987; Choi and Chen, 1997; Guay and 

Harford, 2000; Jagannathan, Stephens, and Weisbach, 2000; Bonaimé, A., Hankins, K. and Harford, 

J., 2014), however, existing empirical studies fail to document the relationship between innovation 

and payout preference. To the best of our knowledge, ours is the first study to show innovative firms 

are more likely to choose share repurchases as their payout methods. Distinguishing the internal R&D 

and external technology is another contribution in this chapter. We prove the preference for share 

repurchases is more pronounced in internally created innovation, supporting our motivation where 

high uncertainty drives more preference for share repurchases, as internal R&D contains high level 

of uncertainty, as well as more idiosyncratic risk compared to externally acquired innovation. This 

also provides some practical implications for policy maker in the innovative firms. Despite the 

dominant share repurchases in recent years (Busch and Obernberger, 2016), with the higher reliance 

on external source in developing innovation, firms could consider adjusting their payout away from 

share repurchases and towards dividends.  

1.3 Thesis Structure 
The reminder of this thesis is organized as follows. In Chapter 2, we investigate the relationship of 

innovation and annual report readability, as well as the impact of earnings management. We present 

a series of baseline regressions, including the effects from earnings management. In the robustness 

test, we mitigate the endogeneity concerns, check whether low readability is for communication or 

for manipulation, include additional controls, address unreported innovation and use some alternative 

proxies of annual report readability to check the relationship between innovation and annual report 

readability. 

 In Chapter 3, we present the empirical relationship between innovation and dividend smoothing. 

Our study starts with the baseline regression to detect detailed relationship between innovation and 

dividend smoothing. To augment our study, we provide some additional tests related to financial 

constraints, cash holdings and analyst coverage. We also perform several robustness checks, 

including addressing endogeneity, replacing ex-post innovation with ex-ante proxy of innovation, 



 

normalizing innovation by industry, changing the measure period of innovation and using the 

innovative observations only.  

 Chapter 4 explores the association between innovation and corporate payout preference. We 

conduct the logistic regression to analyze the relationship between innovation and propensity of 

payout, as well as the payout choice between dividends and share repurchases. We also perform the 

OLS and Tobit regression to find the relationship between innovation and payout expenditures. We 

further show the impacts of financial constraints and other determinants, address the endogeneity bias 

and distinguish the internal innovation and external innovation in the robustness tests. Finally, we 

adopt different proxies of innovation, including patent value and trademarks to further check the 

relation between innovation and corporate payout preference.  

 Chapter 5 summarizes our three essays and draws conclusions from this thesis. We also provide 

recommendations for future research based on the limitations in this thesis. 



 

Chapter 2  

Innovation, Annual Report Readability and Earnings Management 

2.1  Introduction 
The readability and clarity of corporate annual reports are recognized as crucial elements for 

achieving a high-quality level of disclosure, which helps eliminate asymmetric information between 

insiders and outsiders (Brown and Hillegeist, 2007). Corporate annual reports serve as a primary 

source of information for capital market participants (Loughran and McDonald, 2014; Ertugrul et al., 

2017). A higher level of clarity can promote better communication to outsiders, such as stockholders 

and professional analysts, and help them understand the firm’s performance and prospects (Lo, 

Ramos, and Rogo, 2017). Firms with less readable annual reports are likely to bear higher costs of 

external financing than those with more readable annual reports due to the less transparent 

information disclosure (Ertugrul et al., 2017). However, firms may consider using complex words 

(e.g. special terms) in their annual reports to maintain their competitive advantages and status in the 

market and protect against proprietary costs from current and potential rivals (Ellis, Fee, and Thomas, 

2012; Lim, Chalmers, and Hanlon, 2018). Thus, balancing readability and competitive advantages is 

a crucial goal for firms. Yet, to date, to what extent firms should disclose their commercially sensitive 

information when preparing their annual reports remains unclear. In this study, we investigate the 

relationship between less transparent annual reports (i.e. a lower level of readability and a higher level 

of complexity in reports) and firms’ innovation performance. To do so, we focus on the clarity of the 

financial disclosure narrative in writing and introduce various innovation indicators, which identify 

the direct relationship between annual report readability and each innovation activity. 

In general, innovative activities intuitively come with uncertainty and low transparency (Chang, 

Liang, and Wang, 2019). R&D investments at the early stage of innovation activities are classified as 

innovation inputs, which are recognized as intangible assets and are difficult to define its value. In 

addition, they usually contain information that is confidential for insiders as it may be related to the 

future competitive position in the product market (Darrough, and Rangan, 2005). With this in mind, 

it is less likely for innovative firms to reveal all relevant strategies, even though these firms intend to 

raise external financing and should disclose more information (Bhattacharya and Ritter, 1983). That 



 

being said, another proxy of innovation – patenting, also known as one intermediate innovation 

outputs – can help to reduce information asymmetry (Long, 2002). The public disclosure of patents 

can alleviate the less transparent issues in the innovative process as they are easily observable and 

readily available. Thus, with the desire to achieve an edge and send a positive signal related to growth 

and future prospects (Porter, 1992; Brown, Fazzari, and Petersen, 2009), innovative firms may 

prepare less readable (i.e. more complicated) annual reports by strategically disclosing commercially 

sensitive information.  

Our study investigates all listed U.S. firms available on Compustat during the period of 2000 to 

2017 to explore the association between annual report readability and firm’s competitive advantages 

through innovation. We use the Bog index as the proxy for annual report readability, which captures 

the plain English attributes of disclosure and reflects plain English violation, difficult general words, 

and conversational expressions (Bonsall et al., 2017). We employ four innovation indicators, 

including innovation incentive (proxied by R&D investments), innovation intensity (proxied by the 

number of patents), innovation value (proxied by the market value of patents), and innovation 

efficiency (proxied by the number of patents scaled by R&D investments)1. These four measures 

cover the innovation inputs, innovation outputs, the market response to the innovation and the ability 

to translate inputs into outputs for each firm, ranging from R&D investments to patents. Innovation 

incentive, measured by R&D investments, reflects the innovation inputs and captures firms’ 

tendencies and incentives to search for new products and markets in an attempt to maintain the 

innovative reputation (Lim, Chalmers, and Hanlon, 2018.). Innovation intensity (i.e. the number of 

patents) is another proxy that not only captures the innovation outputs of a firm but also reflects the 

efficiency of a firm to utilize the innovation inputs (Fang, Tian, and Tice, 2014; Bradley, Kim and 

Tian, 2017). In addition, patents are the most natural and measurable indicators of the innovation 

process (Brav et al., 2018). They are most likely to be the driving force of innovation as patents filed 

in USPTO are the most attractive and visible (Bena et al., 2017). Following Brav et al. (2018), we 

further employ another innovation indicator, the value of innovation (innovation value), which is 

constructed as the product of the patent-related return and market capitalization. Lastly, we include a 

proxy, innovation efficiency, that explains the number of patents for a given R&D spending and the 

ability to convert innovation inputs into outputs (Hirshleifer, Hsu, and Li, 2013; Gao and Chou, 2015). 

Our results show that a hard-to-read annual report is positively associated with innovation 

performance, including innovation incentive (invest more in R&D), innovation intensity and 

1 Appendix A provides a detailed definition of variable construction. 



 

innovation value (generate more and valuable patents). However, our results reveal that firms cannot 

fully translate all increased R&D investments into patents, resulting in a decrease in innovation 

efficiency. Our findings are in line with prior studies (Long, 2002; Czarnitzki and Toole, 2011; Farre‐

Mensa, Hegde, and Ljungqvist, 2020) that publicly disclosed patents can reduce information 

uncertainty and offset the negative consequences of poor disclosure in the annual reports. Therefore, 

capital providers tend to be more tolerant, even if these firms cannot provide clear annual reports. We 

extend this knowledge to show that firms reporting less readable annual reports tend to invest more 

in R&D (i.e. a higher level of innovation incentives). This supports Hughes and Pae (2015), who 

argue that the revelation of R&D enables competitors to free ride. Thus, R&D investment requires a 

complex annual report. 

Managers can also use earnings management to mislead investors (Healy and Wahlen, 1999; Leuz, 

Nanda, and Wysocki, 2003; Kothari, Mizik, and Roychowdhury, 2016), while the degree of earnings 

management depends on the information opacity (Kothari, Mizik, and Roychowdhury, 2016). Jo and 

Kim (2007) propose that companies have less incentive to engage in earnings management when their 

financial disclosure is transparent and extensive. Lo, Ramos, and Rogo (2017) argue that firms with 

managed earnings are more likely to have a complex annual report as managers try to make it harder 

for investors to identify manipulation. Inspired by these studies, we further explore whether earnings 

management can distort the relationship between annual report readability and a firm’s competitive 

advantages related to its innovation activities. Especially, we are interested in whether earnings 

management and unreadable annual reports are complements or substitutes. We employ both accrual 

and real earnings management. Findings in our study show that firms use unreadable annual reports 

as substitutes for accrual-based earnings management, as both are related to how to present and report 

the financial transactions. However, difficult-to-read annual reports are complements for real 

earnings manipulation, suggesting that firms usually use real earnings management and disclosure 

obfuscation in parallel. Our results further demonstrate that the above relationship between 

innovation indicators and annual report readability is more pronounced in firms with less accrual 

earnings management but aggressive real earnings management, suggesting that a complex annual 

report is positively correlated with innovation performance because it provides more opportunities 

for firms to conduct real earnings management, supporting the findings in Jo and Kim (2007) and Lo, 

Ramos, and Rogo (2017).  

In the robustness test, we mitigate endogenous concerns, using the lead-lag regression, Heckman 

selection model and difference-in-difference analysis. We also introduce the mechanism of 

accounting expertise and the product market competition, proving that the low readability of annual 

reports is for obfuscation, instead of a phenomenon due to the complex business in innovative firms. 



 

We check the relationship between innovation and annual report readability by including additional 

controls: R&D-intensive industry and the complexity of operations. We further address the issues 

related to unreported innovation. We finally employ the alternative proxies of annual report 

readability. Overall, the positive relationship between innovation and low readability in annual 

reports remains intact. 

This study contributes to the growing literature on annual report readability. Existing studies have 

focused on financial disclosure readability, including its impact on earnings persistence (Li, 2008), 

earnings management (Lo, Ramos and Rogo, 2017), cost of financing (Ertugrul et al., 2017; Rjiba et 

al., 2021) and analyst following (Lehavy, Li and Merkley, 2011). However, the literature has not 

considered the relationship between annual report readability and innovation performance. While 

much of this study employs different aspects of innovation activities, we are able to demonstrate a 

direct relationship between annual report readability and the firm’s ongoing competitive advantages 

through innovation activities. We find that a one standard deviation increase in complexity increases 

innovation incentive by 29.5 percent. Similarly, innovation intensity increases by 7.2 percent and 

innovation value by 4.2 percent following a one standard deviation increase in the complexity of 

annual reports (see footnote 5 for detailed calculations). However, the increase in R&D far exceeds 

the rise in patents and firms cannot fully translate all R&D to patents, thus innovation efficiency is 

decreased. Additionally, some may argue that the low readability is related to the complex business 

in the innovative activities, however, we show that the low readability reflects the obfuscation, instead 

of the communication, suggesting that reduced readability is an intentional choice for innovative 

firms. This is the first study to provide evidence that the innovation performance increases with the 

decrease of annual report readability, implying that innovation, unlike traditional projects, is able to 

go along with unreadable and less clear annual reports. 

Our research further adds to the earnings management literature by testing whether earnings 

management and low readability in annual reports are complements or substitutes, as well as the joint 

effects of earnings management and annual report readability for innovation. Innovation, though 

critical to economic growth, suffers from moral hazard and adverse selection (Mann, 2018). Due to 

the risk and relatively long-horizon nature of innovation, as well as the possibly early failure (Manso, 

2011), companies with innovation are likely to engage in earnings manipulation and borrow from 

future earnings to boost current earnings. Earnings management is sometimes necessary to avoid 

earnings disappointment and a competitive disadvantage, while CEOs in the competitive industries 

also use earnings management for their job security (Datta, Iskandar-Datta, and Singh, 2013; Cheng, 

Lee, and Shevlin, 2016). Our results suggest that low readability is accompanied by less accrual-

based earnings management, but aggressive real earnings management. This indicates that firms tend 



 

to use unreadable annual reports as substitutes for the accrual-based earnings management, as both 

are related to how to present and disclose some given transactions, while the accrual earnings 

management is easy to be detected. However, the difficult-to-read annual reports are complements 

for the real earnings management, which causes the suboptimal business consequences and changes 

the real cash flows (Zang, 2012), demonstrating that firms who alter real activities for manipulating 

earnings tend to reduce the reading ease of their annual reports. Our findings also demonstrate that 

less readable annual reports provide firms with opportunities to conduct real earnings management 

and reduce the probability of being detected by external participants. This also supports Gunny (2010), 

who proposes the positive role of earnings management, including attaining benefits, enhancing 

credibility and conveying a positive signal, in future value.   

Finally, our study provides several practical implications for business strategy. We provide 

support to Lim, Chalmers, and Hanlon (2018), who propose that firms can have a less readable annual 

report if they pursue an innovation-oriented prospector strategy. Our results yield a vital insight 

indicating that market participants are generally more tolerant of the complex annual reports in firms 

with innovative projects. The positive signal of competitive advantages and growth prospects in 

innovative firms equip investors and outsiders with confidence, even they cannot obtain clear and 

readable information from annual reports (Porter, 1992; Brown, Fazzari, and Petersen, 2009).  

The rest of the study proceeds as follows. We review the existing and related literature and 

propose the hypotheses in Section 2.2. Section 2.3 describes the data and variable construction. In 

Section 2.4, we report the baseline regression as well as the role of earnings management. We present 

robustness tests in Section 2.5. Section 2.6 provides some concluding remarks. 

2.2 Related Literature and Hypothesis Development 
2.2.1 Innovation and Annual Report Readability 

The corporate annual report, containing past corporate achievement and valuation-related information, 

is the primary source of information for capital market participants and provides the confirmation, 

revision and formation of the expectations for readers (Loughran and McDonald, 2014; Ertugrul et 

al., 2017). The readability of the corporate annual report is defined as “the ability of individual 

investors and analysts to assimilate valuation-related information from a financial disclosure” 

(Loughran and McDonald, 2014). High-quality financial disclosure can mitigate information 

asymmetry, which can promote the long-term growth of the capital market (Callen, Fang, and Zhang, 

2020), while less readable financial disclosure can even distort analyst forecasting, with greater 

dispersion, lower accuracy and greater overall uncertainty (Lehavy, Li, and Merkley, 2011).  

In addition, financial reporting and disclosure can account for corporate investment decisions, 

which primarily contribute to the value creation for investors and stakeholders (Roychowdhury, 



Shroff, and Verdi, 2019). The impact of financial disclosure on investment decisions lies in several 

channels. First, in the presence of agency problems, financial reporting can reduce information 

asymmetry and alter the moral hazard costs. Second, financial disclosure affects managers’ 

investment decisions by inducing firms to collect and process additional information, making firms 

acquire new information about their investment opportunities. Besides, it could also reduce the 

information uncertainty through learning or market coordination (Ferracuti and Stubben, 2019; 

Roychowdhury, Shroff, and Verdi, 2019). 

Innovation, the main driver of firm value and survival, is critical to economic growth; however, 

it is very likely to suffer from moral hazard and adverse selection (Mann, 2018; Simpson and Tamayo, 

2020). The information asymmetry generated by R&D investment, such as a lack of information in 

productivity, no organized markets, and special accounting measurements, makes valuation more 

difficult (Aboody and Lev, 2000; Darrough and Rangan (2005). Pursuing R&D requires firms to raise 

financing in the capital market while lack of financing resources is one of the most severe problems 

during the R&D phase (Svensson, 2007). Thus, the presence of financial constraints can impede R&D 

much more than other investments (Brown, Fazzari, and Petersen, 2009). External financing is more 

expensive than internal financing due to the information asymmetry and the lemon problem, however, 

better access to external financing market can substantially promote the R&D investment, as many 

firms, especially young high-tech firms, usually exhaust their internal funds and rely on stock issues 

as their marginal source for R&D (Brown, Fazzari, and Petersen, 2009; Brown, Martinsson, and 

Petersen, 2012). This gives firms greater motivation to provide a transparent annual report to reduce 

information asymmetry between firms and the providers of capital in order to mitigate adverse 

selection and moral hazard and to seek financing (Bhattacharya and Ritter, 1983).  

However, firms tend to keep the investment in R&D and other innovative-related information 

confidential as they are directly associated with commercialization, either from the product or from 

the service, as well as the competitive advantage (Dedman and Lennox, 2009). At the same time, it 

is impossible to disclose R&D investment to investors without the awareness of competitors 

(Bhattacharya and Ritter, 1983). The disclosure could also lead to spillover effects, as too much 

commercially sensitive information disclosed in their annual reports can assist competitors by 

allowing them to free ride (Hughes and Pae, 2015). Furthermore, a special environment is required 

to promote innovation and to encourage risk-taking, while a conservative financial reporting may 

prevent translating risky investment into favorable earnings (Laux and Ray, 2020). Against this 

backdrop, unlike other firms, those with innovation and technology trade secrets are very likely to 

have complex annual reports and opaque disclosure (Callen, Fang, and Zhang, 2020).  



 

Patent system is essential for technological innovation (Mansfield, 1986). Unlike R&D, patents 

represent protected innovation, meaning confidentiality may no longer be important. Representing an 

intermediate innovative output, the patented invention is more related to innovation output than R&D 

(Crosby, 2000; Acs, Anselin, and Varga, 2002). Thus, patent, in the empirical studies, serves as a 

fairly reliable measure to represent innovation activity (Acs, Anselin, and Varga, 2002). In addition, 

the presence of patents gives outsiders and investors a strong belief. Patents can remove some of the 

uncertainties in R&D and provide a clearer prospect of the firm’s future (Griffin, Hong and Ryou, 

2018). The positive roles of innovation can be summarized as follows. First, innovation, especially 

patents, can reduce information asymmetry and attract the special attention of analysts (Long, 2002). 

Second, innovation can improve price informativeness, meaning that prices contain more related 

information. In addition, innovation is useful in producing information and identifying managerial 

shrinking (Acharya and Xu, 2017). Finally, innovation could also reduce managerial myopia and 

contribute to long-term performance, reflecting the insights of managers (Miozzo and Dewick, 2002). 

With the important protective or defensive role, patents are valuable even they are not commercialized, 

conveying a signal that the firm is knowledge intensive (Svensson, 2007). Thus, firms are very likely 

or willing to disclose their innovation during the patent phase. The positive signal conveyed by 

patents alleviates the necessity of using readable annual reports, and this also reduces managers’ 

efforts to improve the readability of their annual reports. In addition, given the necessary terminology 

contained in the intellectual property and the complex business and operations associated with 

innovative activity, the detailed informativeness in disclosure is accompanied by the increased 

complexity of annual reports. Overall, the reduced efforts to provide easy-to-understand annual 

reports, as well as the necessary complex business, decrease the readability of annual reports for firms 

with patents.  

Therefore, we conjecture that the readable annual reports may not be expected in the innovation 

activities, no matter whether they are in the initial R&D stage or intermediate patent stage. The low 

readability can stem from managers’ reluctance to disclose information, or from the necessary 

terminology and complex description of innovation in the process of communication. Thus, our first 

hypothesis is: 

H1: Innovation (both R&D and Patent) is negatively correlated with annual report readability. 
2.2.2 Earnings Management and Readability 
Similar to unreadable annual reports, earnings management is another form of obfuscation. A group 

of prior studies defined earnings management as the manipulation of reported economic performance 

by insiders to mislead stakeholders or to influence contractual outcomes (Healy and Wahlen, 1999; 



Leuz, Nanda, and Wysocki, 2003; Kothari, Mizik, and Roychowdhury, 2016). Prior studies have also 

documented the association between earnings management and financial disclosure. Firms have less 

incentive to engage in earnings management when their financial disclosure is transparent and 

extensive, as transparency in the financial disclosure can help investors to detect earnings 

manipulation (Jo and Kim, 2007). Textual information obfuscation and earnings management can 

also be complements (Kim, Wang, and Zhang, 2019), as firms can use financial disclosure to 

strategically mislead investors’ understanding of firm value, increasing the difficulty of detecting 

earnings management. This is supported by Lo, Ramos, and Rogo (2017), who indicate firms that use 

earnings management to beat benchmarks tend to have complex annual reports. 

 Consequences of earnings management include negative future stock returns, low future earnings, 

low quality of earnings and poor firm prospects (Teoh, Wong, and Rao, 1998; DuCharme, Malatesta, 

and Sefcik, 2004; Chou, Gombola and Liu, 2006; Chaney, Faccio and Parsley, 2011; Beyer, Guttman, 

and Marinovic, 2019). Additionally, this could also influence the investment decision. McNichols 

and Stubben (2008) document the substantial over-investment in the misreporting period, suggesting 

that earnings management can affect resource allocation. Furthermore, earnings management, 

especially through cutting R&D, can also obstruct innovation, and thus sacrifice the competitive 

advantage in the future (Bereskin, Hsu, and Rotenberg, 2018). However, besides the negative 

consequences, Gunny (2010) documents a better subsequent performance in firms using real earnings 

management and proposes that there can be a positive impact of real earnings management on future 

performance. One is by attaining benefits and enhancing the firm’s credibility and reputation, 

allowing it to perform better in the future, while the other is by conveying a positive signal on the 

future value. 

Managers can realize earnings manipulation through the choice of accounting methods and by 

changing the time and structure of operations, investment and financial transactions (Zang, 2012). 

Managers prefer to use real earnings management compared to accrual-based earnings management 

as the latter is associated with limited flexibility and is more likely to attract auditors, while real 

earnings management is difficult to detect (Cohen and Zarowin, 2008; Gunny, 2010). As documented 

in Zang (2012), firms tend to trade off accrual-based earnings management and real earnings 

management and use them as substitutes. Inspired by Zang (2012) and Kim, Wang, and Zhang (2019), 

whose findings support the complementary roles of textual information obfuscation and earnings 

management, we are interested in whether firms use unreadable annual reports and earnings 

management as substitutes or complements. Overall, high earnings management suggests higher 

information asymmetry, whereby shareholders may not have the awareness of earnings management 



or the access to monitor managers. This increases the incentive to provide a less readable annual 

report. Thus, we formulate the following hypothesis: 

H2: Firms tend to use unreadable annual reports and earnings management as complements, while 

the relationship between annual report readability and innovation is more pronounced in firms with 

aggressive earnings management. 

2.3 Data and Variable Construction 
2.3.1 Sample Selection 

We obtain a sample of listed US firms, available from Compustat from 2000 to 2017. Firms in the 

utilities (SIC 4900-4999) and financial service industries (SIC 6000-6999) are excluded as they are 

heavily regulated and have different financial disclosure requirements. We exclude firms with 

negative or missing assets (Lee, and Masulis, 2011). Data for constructing yearly firm characteristics 

is collected from Compustat. The number of firm-year observations used in our analyses varies 

depending on the specification of regression estimations. For the baseline analyses testing on three 

innovation indicators (innovation incentive, innovation intensity, and innovation value), the sample 

consists of 41,243 firm-year observations. For testing on innovation efficiency, the sample is 13,755 

firm-year observations.  

2.3.2 Innovation Indicators 
In this study, we present four innovation indicators. Each of these represents different aspects of 

innovation activities. The first indicator is the innovation incentive (Innovation Incentive), which is 

measured by R&D investment scaled by lagged total assets. Innovation Incentive reflects the 

innovation inputs and captures firms’ tendencies and incentives to search for new products and 

markets in an attempt to maintain their innovative reputation (Lim, Chalmers, and Hanlon, 2018.). 

We set all missing R&D expenditures to zero2. Although R&D is the most widely used proxy for 

innovation, it suffers from severe endogeneity as it is part of financial reporting (Simpson and 

Tamayo, 2020). There are also some other shortcomings. First, not all firms are required to report 

R&D in their financial statements. Second, Lerner and Seru (2022) and Luong et al. (2017) argue that 

firms only report R&D expenditures if they are material, and how to deal with the non-responders is 

still under debate.  

Compared to R&D, patenting is a better proxy for innovation. It not only captures the innovation 

outputs of a firm, but also reflects the efficiency of a firm in utilizing the innovation inputs, while 

R&D cannot reflect the quality of innovation (Fang, Tian, and Tice, 2014). Patents are easily 

Prior literature documents that missing R&D indicates not material or approximately zero R&D (Lerner, 2006; 
Brown, and Petersen, 2011; He, and Wintoki, 2016; Lewis, and Tan, 2016); thus, we set missing R&D as zero. In the 
robustness test, we further use other approaches to deal with missing R&D. 



observable, readily available and credible, as patent office requires inventors to disclose relative 

information in exchange for protection (Long, 2002). Besides, patents are more transparent than R&D, 

which is susceptible due to a lack of collateral value. Thus, the presence and publicity of patents can 

partially mitigate the impact of uncertainty in the innovation process (Czarnitzki and Toole, 2011; 

Brown, Martinsson and Petersen, 2012). Therefore, the second indicator we propose is innovation 

intensity (Innovation Intensity), calculated as the natural logarithm of one plus the number of patents. 

Innovation Intensity captures the innovation output, as patents are the most natural and measurable 

indicators of the innovation process (Brav et al., 2018), and they are most likely to be the driving 

force of innovation because patents filed in USPTO are the most attractive and visible (Bena et al., 

2017). Kogan et al. (2017) provide patent data from 1926 to 2010, while Stoffman, Woeppel, and 

Yavuz (2022) update this data to 2017, so we merge our sample with their patent datasets. Using the 

matching algorithm to match unique permco to patent, their data relieve the inconsistency caused by 

merge and acquisition, asset sales, joint venture and spin-offs. We use the application date instead of 

the granted date as it can reflect the actual time of innovation more effectively (Zhong, 2018) and 

firms tend to protect their intellectual properties by applying for patents soon after their discoveries 

(Lerner and Seru, 2022). The sample stops in 2017 because the average time lag between the patent 

application date and grant date is usually two to three years (Hall, Jaffe, and Trajtenberg, 2001; Brav 

et al., 2018).  

Following Brav et al. (2018), we further propose another innovation indicator: the value of 

innovation (Innovation Value). We use the estimated value of patents from Kogan et al. (2017) and 

Stoffman, Woeppel, and Yavuz (2022) to measure Innovation Value. Kogan et al. (2017) choose two 

days after the issuance of a patent as the event window and decompose the idiosyncratic stock return 

in this window into components: return related to patents and that unrelated to patents. The estimated 

economic value of a patent can be constructed as the product of the patent-related return and market 

capitalization. Stoffman, Woeppel, and Yavuz (2022) update this measure with a slight change of the 

signal-to-noise ratio and estimate the variance of measurement error at a monthly frequency.  

The fourth innovation indicator is innovation efficiency (Innovation Efficiency), which reflects 

the number of patents for a given R&D spending and the ability to convert innovation inputs into 

outputs (Hirshleifer, Hsu, and Li, 2013; Gao and Chou, 2015). Innovation Efficiency is calculated as 

the number of patents scaled by the R&D expenditures during the past five years (Hirshleifer, Hsu, 

and Li, 2013): 
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2.3.3 Annual Report Readability 
Following Bonsall et al. (2017) and Rjiba et al. (2021), we use the Bog Index (BOG) as the proxy of 

annual report readability3, which is based on the plain written English attributes and is constructed 

using three multifaceted components: sentence length, style problem and word difficulty (i.e., passive 

voice, hidden verbs and overwriting; heavy words, abbreviations and special terms), as well as the 

usage of terms to make writing more interesting. Bonsall et al. (2017) also validate that the Bog index 

(BOG) can reflect the internal evaluation of readability for financial statements. A higher Bog index 

refers to a higher level of complexity of the annual report. We obtain the Bog readability index (BOG) 

from Brian Miller’s website4.  

2.3.4 Earnings Management 

We intend to test the joint effects of earnings management and annual report readability. Especially, 

we are interested in whether earnings management and less readable annual report are complements 

or substitutes. Managers may realize earnings manipulation through the choice of accounting methods 

and by changing the time and structure of operations, investment and financial transactions (Zang, 

2012). In addition, the substitution effect between accrual-based and real earning management 

suggests that it is necessary to consider both types of earnings manipulation as either type cannot lead 

to definitive conclusions (Zang, 2012). Thus, we use both accrual-based earnings management and 

real earnings management. We follow Cohen and Zarowin (2010) and Zang (2012) to construct these 

two proxies. The primary models for accrual-based earnings management is the following cross-

sectional model estimated for each year-industry group with at least 15 observations (Cohen, Dey 

and Lys, 2008; Xiao, 2015; Fan, 2007): 
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Where X represents firms and . represents fiscal year. "Y02 is the difference between the earnings 

before extraordinary items and operating cash flow, Y//$./0,26Q  represents the total assets of 

preceding year, ∆ZY[\Z02 is the change in revenues from year . − 1	to year ., and ^^\02 is the 

value of property, plant and equipment. 

The normal accruals for each firm are estimated as follows: 
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Several studies use the Fog index to measure annual report readability (Li, 2008; Lehavy, Li and Merkley, 2011; 
Lo, Ramos and Rogo, 2017; Lim, Chalmers and Hanlon, 2018); however, Loughran and McDonald (2014) raise some 
concerns about the Fog index, indicating that it is poorly specified in financial disclosure and advocate the use of file size. 
We present the results of other alternative proxies of readability in robustness tests. 

4 Available at: https://host.kelley.iu.edu/bpm/activities/bogindex.html. We are grateful to Brian Miller for sharing 
the BOG index. 



The coefficients are obtained from the previous equation (2.2). The proxy of accrual-based 

earning management is discretionary accruals, which is the difference between the total accruals and 

normal accruals. 

 Different to short-lived accrual-based earnings management (DuCharme, Malatesta, and Sefcik, 

2004), real earnings management involves severer economic consequences as it actually manipulates 

current and future cash flows (Cohen, and Zarowin, 2008; Cohen, and Zarowin, 2010). The impacts 

of real earnings management include the abnormal cash flow from operations, abnormal discretionary 

expenditures and abnormal production costs (Roychowdhury, 2006; Cohen, Dey and Lys, 2008; 

Cohen and Zarowin, 2010; Cheng, Lee, and Shevlin, 2016). Following previous literature on earnings 

management, we focus on three variables pronounced in earnings management:  

1. Temporary increase in sales and the current earnings through price discounts and lenient credit 

terms as well as accelerated timing. 

2. Increase the production and allocate more overhead to inventory, and therefore, reduce the 

cost of goods sold (abcZ) and increase the operating margins. 

3. Decrease the discretionary expenditure to boost current period earnings, including advertising 

expense, research and development expense (R&D) and selling, general & administrative 

expense (SG&A). 

To summarize, real earnings management for inflating earnings includes unusually low cash 

flows from operations, low abnormal discretionary expense and high abnormal production cost 

(Cohen, Dey and Lys, 2008).  

Normal levels of operating cash flows (adb) can be estimated as follows: 
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Abnormal adb is the difference between the actual adb and the fitted value from equation (2.4). 

The normal level of production costs can be estimated as: 
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While the production cost is defined as the sum of COGS and the change in inventory, the abnormal 

production cost is the difference between the actual production cost and the fitted value from equation 

(2.5). 

Discretionary expenditure is estimated as a model of lagged sales; the normal level of 

discretionary expenditure is: 
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where discretionary expenditure is defined as the sum of the advertising expense, the R&D expense 

and the SG&A expense. Following Cohen and Zarowin (2010), we set the missing R&D expense and 

advertising expense to zero and estimate the above equation in each year-industry group with at least 

15 observations. Abnormal discretionary expense is the difference between the actual discretionary 

expense and the estimated value from equation (2.6). 

To capture the total effects of real earnings management, we follow Cohen and Zarowin (2010) 

and combine three individual measures to generate two final metrics of real earnings management. 

The first measure 3\n1 is computed as: 

																				(−1) ∗ -(%*)'-o	pX/q)$.X*%-)r	$s,$%/$ + -(%*)'-o	,)*p&q.X*%	q*/./     (2.7) 

Therefore, a higher 3\n1 indicates a higher likelihood of engaging in real earnings management 

(Zang, 2012). While the 3\n2 is computed as: 

						(−1) ∗ -(%*)'-o	*,$)-.X%t	q-/ℎ	+o*u + (−1) ∗ -(%*)'-o	pX/q)$.X*%-)r	$s,$%/$  (2.8) 

Similar to 3\n1, a higher 3\n2 suggests higher earnings manipulation.   

2.3.5 Control Variables 

To identify the relationship between annual report readability and innovation, we include a series of 

control variables shown to systematically affect innovation. We include the natural logarithm of the 

market to book ratio (MTB), debt ratio (Debt Ratio), sales (Sales), sales growth (Sales Growth), size 

(Size) and firm age (Age). We use the natural logarithm of total assets as a proxy for size and use the 

natural logarithm of the number of years listed on Compustat for each firm as the measurement of 

firm age (Prawitt, Smith and Wood, 2009; Cazier, 2011; Mazzucato and Parris, 2015). Sales is 

calculated as the logarithm of net sales, scaled by the number of employees, to represent labor 

productivity (Chang et al., 2015). We also control for operating income (OIA), operating cash flow 

(Cash Flow), cash holdings (Cash), tangibility (Tangibility) and capital expenditures (CAPEX), all 

scaled by lagged total assets. Consistent with Cohen, Dey, and Lys (2008) and Jia (2018), we 

winsorize all variables at the top 1% and bottom 99%. In the robustness test, we also set two indicator 

variables: one captures the high-tech (High Tech) industry (SIC codes in 28, 35, 36, 38, 48, 73, 80 

and 87) and the other reflects the durable goods (Durable) industry (SIC code between 3400 and 

3990). In addition, annual report readability can be highly correlated with the complexity of operation; 

thus, we further control the complexity of business and operations, measured by logarithm of the 

number of business segments (BUSSEG) and the logarithm of geographic segments (GEOSEG) from 

Compustat Segment Files (Li, 2008).  

Table 2.1 presents the summary statistics of all variables. Consistent with our expectations, all 

innovation variables are highly skewed, with a much higher mean value than the median. This is in 



line with Aghion, Van, and Zingales (2013). The annual report complexity (BOG) is normally 

distributed. The mean and median for BOG are 85.187 and 85, respectively, indicating that annual 

reports for most firms are on average difficult to read. The standard deviation of BOG is 6.99, with 

an inter-quartile range of 9, which is comparable to Rjiba et al. (2021). 

2.4 Empirical Results 
2.4.1 Univariate Analysis 
The univariate tests reported in Table 2.2 compare the mean and difference of annual report 

readability, proxies of accrual-based and real earnings management in innovative and non-innovative 

firms. We classify our sample into innovative and non-innovative firms based on their innovation 

incentive and innovation intensity. Panel A categorizes companies by their innovation incentive, 

which is the expenditures on R&D. We define firms with positive R&D as innovative firms and others 

as non-innovative firms. The level of the complexity of annual reports (BOG) in innovative firms is 

on average higher, with a significant difference at 1%, indicating that innovative firms tend to have 

less readable annual reports. Compared to firms without R&D activities, R&D-intensive firms tend 

to have lower earnings-enhanced accruals and less real earnings manipulations.  

In Panel B, we classify firms according to their innovation intensity, which is the number of 

patents for each firm. Similar to Panel A, a high BOG in innovative firms suggests that their annual 

reports are, on average, difficult to read. The earnings-enhanced accruals in patent-intensive firms are 

much lower, which is consistent with Panel A. Generally, the differences in real earnings management 

are insignificant for firms with patents and those without patents.  

Panel C compares the innovation proxies and the measure of annual report readability in high-

tech industries and other industries. Following Kasznik and Lev (1995), we classify firms into high-

tech firms if they belong to Drug industry (SIC 2833-2836), R&D Service industry (SIC 8731-8734), 

Programming industry (SIC 7371-7379), Computer industry (SIC 3570-3577) and Electronic industry 

(SIC 3600-3674). It is clear that all firms in high-tech industries have higher innovation incentive 

than firms in other industries. Firms in the computer industry tend to have more patents and higher 

patent value. Similar to Panel A and B, we also observe that annual reports in high-tech firms are on 

average difficult-to-read.   
2.4.2 Innovation and Annual Report Readability 
This section investigates the relationship between annual report readability and innovation by 

estimating the following panel regression: 

																			v%%*w-.X*%0,2 = x + y ∗ zbc0,2 + { ∗ |0,2 + v%p&/.)rd\ + }$-)d\ + W0,2														(2.9) 



The dependent variables in this section are four innovation indicators, as described in Section 

2.3.2, including Innovation Incentive, Innovation Intensity, Innovation Value and Innovation 

Efficiency. The explanatory variable of primary interest in this analysis is annual report readability 

(BOG). High BOG indicates low readability. We also consider some control variables that are shown 

to be associated with innovation performance, as discussed in Section 2.3.5. Following Lim, 

Chalmers, and Hanlon (2018) and Custodio, Ferreira and Matos (2019), we include industry fixed 

effects and year fixed effects and cluster standard errors at the firm level. 

 Table 2.3 presents the association between annual report readability and firm innovation 

performance. Panel A reports the results of the pooled OLS regression, indicating that firms with 

more complex annual reports (high BOG) have higher investment in R&D (Innovation Incentive), as 

suggested by the positive coefficient in column (1). Similarly, positive coefficients in columns (2) 

and (3) reveal that firms whose annual reports are difficult to read tend to generate more patents 

(Innovation Intensity) and trigger higher market responses (Innovation Value). With a one standard 

deviation increase in the complexity of the annual report, the average of Innovation Incentive tends 

to increase by 29.5%, while Innovation Intensity increases by 7.2%. Similarly, the increment in 

Innovation Value is 4.2%5. However, due to the economic increase in R&D is much higher than that 

of patents, we observe that the relationship between complexity (BOG) and innovation efficiency 

(Innovation Efficiency) is negative, demonstrating that firms with more readable annual reports tend 

to have higher abilities to convert innovation inputs into outputs, while those with less readable annual 

reports tend to have overinvestment problems and less efficient allocation of R&D capital (Biddle, 

Hilary, and Verdi, 2009; Gomariz, and Ballesta, 2014; Zhong, 2018). The growth prospects, measured 

by the market-to-book ratio, can positively account for innovation performance, while the debt ratio 

brings downward pressure to innovation, which is analogous to the findings reported in Hasan et al. 

(2020). In our sample, size is negatively correlated with R&D investment (Innovation Incentive) but 

positively associated with patents (Innovation Intensity and Innovation Value), indicating that large 

firms can generate more and valuable patents using low investments in R&D compared to small firms, 

and thus, large firms are more efficient at conducting innovation (Innovation Efficiency).   

5 Following Bereskin, Hsu, and Rotenberg (2018), we calculate the economic significance for innovation incentive 
as the coefficient on BOG (0.003, Table 2.3 Panel A Column 1) times the standard deviation of BOG index (6.986, Table 
2.1), and then divided by the mean of innovation incentive (0.071, Table 2.1), resulting in an increase of 29.5%. The 
economic significance for innovation intensity can be computed as the coefficient on BOG (0.007, Table 2.3 Panel A 
Column 2) times the standard deviation of BOG (6.986, Table 2.1), divided by the mean of innovation intensity (0.679, 
Table 2.1), resulting a 7.2% increase. Similarly, the economic significance for innovation value is computed as the 
coefficient on BOG (0.008, Table 2.3 Panel A Column 3) times the standard deviation of BOG (6.986, Table 2.1), divided 
by the mean of innovation value (1.340, Table 2.1).  



 Then, we re-estimate the above regression using the Fama-MacBeth two-step procedure 

approach and adjust the standard errors for heteroskedasticity and autocorrelation. As reported in 

Panel B, the Fama-MacBeth two-step approach produces very similar results with the above pooled 

regression. Firms with less readable annual reports (higher BOG) tend to invest more in R&D 

(Innovation Incentive) and generate more patents (Innovation Intensity); at the same time, the market 

response to these patents (Innovation Value) is also higher. However, those with difficult-to-read 

annual reports are inefficient at conducting their innovation (Innovation Efficiency), with a statistical 

significance at the 1% level.   

 Additionally, we provide the results of the Tobit regression with industry and year fixed effects 

and robust standard error clustered at the firm level as all innovation proxies are right-censored. Our 

results appear in Table 2.3 Panel C. The positive coefficient of complexity (BOG) in column (1) 

suggests that firms with more hard-to-read annual reports have a higher tendency towards innovation 

(Innovation Incentive), which is represented by higher R&D spending. The results in columns (2) and 

(3) are in line with our prior findings, confirming that difficult-to-read annual reports are positively 

correlated with firm’s ability to generate patents (Innovation Intensity), and thus, increase the market 

value of the patents (Innovation Value).  

 Our results up to this point suggest the positive association between difficult-to-read annual 

reports and Innovation Incentive, Innovation Intensity and Innovation Value, measured by R&D and 

the number and market value of patents, respectively. This corroborates Lim, Chalmers, and Hanlon 

(2018), who argue that firms with an innovation-oriented prospector strategy can have less readable 

annual reports. However, with the decrease of the readability in annual reports, firms’ ability to 

translate innovation inputs into outputs (Innovation Efficiency) decreases.  

2.4.3 Earnings Management: Substitutes or Complements 

As revealed in prior studies (Jo and Kim, 2007; Lo, Ramos, and Rogo, 2017), annual report readability 

is significantly associated with earnings management. Firms have less incentive to engage in earnings 

management when their financial disclosure is transparent and extensive, as transparency in the 

financial disclosure can help investors to detect earnings manipulation (Jo and Kim, 2007). However, 

firms can also use financial disclosure to strategically mislead investors’ understanding of firm value, 

increasing the difficulty of detecting earnings management. Therefore, in this section, we augment 

our study by incorporating the role of earnings management and check whether earnings management 

could change the relationship between the readability of annual reports and innovation in our prior 

findings, and especially, we are interested whether low readability of annual report and earnings 



 

management are complements or substitutes. As discussed in Section 2.3.4, we focus on both accrual-

based earnings management and real earnings management.  

 Table 2.4 presents the relationship between earnings management and the readability in corporate 

annual reports. In column (1) to (3), we focus on the relationship between accrual earnings 

management and the annual report readability, finding that firms tend to have more readable annual 

reports when they engage in accrual-based earnings manipulation by changing the accounting 

methods, which is in sharp contrast to our predication that firms use unreadable annual reports to hide 

their accrual manipulation. This relationship remains unchanged when we limit our sample into 

innovative firms or non-innovative firms only. However, evidence in our finding shows the positive 

relationship between real earnings management and the complexity in corporate reporting, suggesting 

that when firms achieve real earnings manipulation by changing the timing or the structuring of the 

operation, financing activities or investment, they tend to increase the complexity and reduce the 

readability of their annual reports, which is consistent with our hypothesis. Importantly, we notice 

that this relationship is only pronounced in firms without innovation, thus, we can preliminary 

conclude that the reduced readability is not due to the complexity in the innovative activities, but 

possibly reflects the managers’ strategies of obfuscation. 

 Thus, findings in this section indicate that lower readability in the annual report is negatively 

correlated with the accrual earnings management, but positively associated with real earnings 

management. This suggests that firms tend to use unreadable annual reports as substitutes for the 

accrual-based earnings management, as both are related to how to present and disclose some given 

transactions. However, the difficult-to-read annual reports are complements for the real earnings 

management, which causes the suboptimal business consequences (Zang, 2012), demonstrating that 

firms who alter real activities for manipulating earnings tend to reduce the reading ease of their annual 

reports.    

Based on the prior relationship between annual report readability and earnings management, we 

wish to emphasize the interaction effects of earnings management and annual report readability on 

innovation and present the results in Table 2.5. In Panel A, we focus on the effects of accrual earnings 

management (AEM). We observe that the positive association between less readable annual report 

and the investment in R&D (Innovation Incentive) is more pronounced in firms with less severe 

accrual earnings management. Similar evidence appears when we focus on the market value of patent 

(Innovation Value), as reported in Column (3). This echoes the findings in Table 2.4, and supports 



that firms use accrual earnings management and less readable annual reports as substitutes, while 

only less readable annual reports are positively associated with the innovation performance6.   

In panel B, we analyze the impact of two integrated proxies of real earnings management (REM1 

and REM2). It is clear that the relationship between innovation and annual report readability is more 

pronounced in firms with higher real earnings management. Firms with real earnings management 

and complex annual reports simultaneously tend to increase their investment in R&D (Innovation 

Incentive) and generate more patents (Innovation Intensity) and patents with higher value (Innovation 

Value). However, this will reduce the efficiency in translating innovation inputs to innovation outputs 

(Innovation Efficiency). 

By introducing the role of earnings management in our study, we document the moderating effects 

of earnings management, and especially, the difference between accrual earnings management and 

real earnings management. Firms tend to use accrual-based earnings management and complex 

annual reports as substitutes, while only complex annual reports are positively associated with the 

innovation performance. Thus, the relationship between annual report readability and innovation is 

more pronounced in firms with less accrual-based earnings management. However, real earnings 

management can strengthen the relationship between innovation and annual report readability. 

Earnings management, sometimes, is necessary as it can promote future performance by attaining 

benefits, enhancing credibility and reputation, and conveying a positive signal on the future value 

(Gunny, 2010). For innovative firms, real earnings management is more attractive compared to 

accrual earnings manipulation, because the former can actually change the real cash flows. It is also 

possible that innovative firms conduct real earnings management to avoid market punishment and 

earnings disappointment. This also indicates that the success of earnings management strategies 

depends on opacity, which corroborates the findings of Jo and Kim (2007), Kothari, Mizik, and 

Roychowdhury (2016) and Lo, Ramos, and Rogo (2017). Complex annual reports give firms more 

opportunities to conduct their earnings management strategies through real activities and reduce the 

probability of being detected by outsiders, and thus, the joint effects of real earnings management 

and low readability are positively correlated with innovation performance. 
2.5 Robustness Tests 

2.5.1 Endogeneity 
We recognize that the relationship between annual report readability and innovation is not necessarily 

random. Thus, in this section, we attempt to address the endogeneity concerns.  

6 In the untabulated results, we regress innovation proxies on the proxies of accrual earnings management, finding 
the results are insignificant.  



2.5.1.1 Lead-Lag Regression 
We first follow Lim, Chalmers, and Hanlon (2018) to use the lead-lag regressions to mitigate reverse 

causality, in accordance with following equation. 

 														v%%*w-.X*%0,2 = x + y ∗ zbc0,26Q + { ∗ |0,26Q + v%p&/.)rd\ + }$-)d\ + W0,2								 (2.10) 

where the independent variables are one-year lagged. We present the results in Table 2.6 Panel A. 

We find that after mitigating reverse causality bias, a complex annual report (BOG) is still positively 

correlated with innovation incentive, innovation intensity and innovation value, measured by the 

investment in R&D, the number of patents, and the value of patents, respectively. Despite being 

negative, the coefficient of innovation efficiency is insignificant.  

2.5.1.2 Heckman Selection Model 
Another concern in our study is the sample selection bias. Our dependent variables, innovation 

indicators, are only observable for firms that choose to disclose their innovation. However, firms may 

choose not to disclose innovation. The unreported innovation could arise from negligible inputs, 

unsuccessful projects, or firms’ desire to keep the innovation secret (Koh et al., 2021). There are 

many explanations regarding the decision to engage in innovation and the degree of innovation, as 

well as whether to disclose innovation. Thus, using OLS regression leads to a selection bias. 

Following Frenz and Ietto-Gillies (2009) and Andries and Czarnitzki (2014), we use the Hackman 

two-stage model to correct the bias from the sample selection. In the first stage, we generate a dummy 

variable to capture firms’ probability of disclosing the innovation. Firms with positive patent 

activities, but without observed R&D, are classified as those with unreported innovation (Koh, Reeb, 

and Zhao, 2018). We use the average R&D and the patent in the same industry for a given year as the 

exclusion restrictions and include all other variables to determine the firm’s selection probability. We 

correct the sample selection bias by including the inverse Mills ratio in the second step.  

We present the results of the Heckman correction in Table 2.6 Panel B. We observe that after 

correcting the sample selection bias, firms with less readable annual reports (BOG) tend to increase 

their R&D investment (Innovation Incentive) and generate more patents (Innovation Intensity) and 

patents with higher value (Innovation Value). Consistent with our baseline regression, unreadable 

annual reports are negatively correlated with innovation efficiency. In particular, the significant 

inverse Mills ratio in columns (2) and (3) suggests that there is indeed sample selection bias when we 

focus on the observed innovation only. 

2.5.1.3 Exogenous Shock: The Plain Writing Act of 2010 
We further test the causal relationship between innovation and annual report readability, using the 

Plain Writing Act (PWA) in 2010 as the exogenous shock. This act requires the government and 



relevant agencies to generate easy-to-read documents for the public, despite not designed for 

improving the disclosure of financial documents, its impacts can be broader. Following Hwang and 

Kim (2017), we assume that PWA can also positively enhance the readability of financial disclosure, 

and use PWA as a shock to the readability of corporate annual reports. Borrowing from Hwang and 

Kim (2017), we allocate firms into a treatment group and a control group according to their readability 

prior to the PWA in 2010. A firm falls into the treatment group (treat) if its readability is within the 

bottom quartile, and others are classified as the control firms. The intuition is that PWA only has a 

significant incremental effect on those in the treatment group, as the readability of annual reports in 

other firms is already higher. Post represents observations in the post-PWA period. We match 

treatment firms with those in the control group, confirming the parallel assumption. We then conduct 

the difference-in-difference (DID) analysis. 

We present our difference-in-difference (DID) analysis in Table 2.6 Panel C. From column (1), 

we see that the treatment group (treat) has a higher BOG index, which is consistent with our 

construction. The significantly negative coefficient of the interaction (treat*post) indicates that after 

the shock of the PWA, the readability of annual reports in the treatment group is significantly 

improved. In column (2), we observe that the treatment group has a higher R&D investment, which 

corroborates our previous findings. After the shock of the PWA, these firms tend to decrease their 

R&D investment, as the PWA requires them to provide a more transparent disclosure. Similar 

evidence appears in column (3). With the improvement of the readability after PWA, firms tend to 

generate fewer patents. One explanation is that the passage of PWA has a broader effect on the 

corporate annual report, thus, firms tend to increase the readability of their annual reports. At the 

same time, the sudden increase in readability is accompanied by the sudden decrease in the Innovation 

Incentive and Innovation Intensity. Therefore, in this section, we show that it is truly the unreadable 

annual reports, not other factors, that can account for higher R&D investment and more patents. After 

the shock of the PWA of 2010, firms had to improve the readability of their annual reports, and thus, 

they needed to cut the R&D investment and reduce their patent activities. 

2.5.2 Low Readability: Obfuscation or Communication 

So far, we have documented the positive association between the low readability in annual report and 

innovation performance, including innovation incentive, innovation intensity and innovation value. 

One possible explanation is innovation, especially R&D and patent can benefit from the complex 

annual report and managers tend to strategically reduce the readability of corporate annual reports for 

obfuscation. However, one might argue that the increased complexity of annual report is a 

phenomenon given the complex business operation in innovative firms, and firms are seeking to 



communicate all complex and sophisticated information precisely. Thus, we wish to clarify which 

factor is the main mechanism for this relationship.  

2.5.2.1 Accounting Expertise 

If the complex and hard-to-read annual reports capture the complex business operations, instead of 

reflecting the intentional choice, firms may seek to reduce the adverse effects brought by the low 

readability. Chychyla, Leone and Minutti-Meza (2019) propose that investment in accounting 

expertise can be one possible approach. If the low readability reflects the complex business and firms’ 

willingness to communicate sophisticated information precisely, they may invest more in accounting 

expertise to mitigate the negative effects of complex financial disclosure. Borrowing from Chychyla, 

Leone and Minutti-Meza (2019), we propose that the relationship between innovation and annual 

report readability should be more pronounced in firms with more accounting expertise if the low 

readability is unavoidable due to the complexity of innovative activities. Otherwise, the difficult-to-

read annual report is an artefact and an intentional choice.  

 Following Chychyla, Leone and Minutti-Meza (2019), we measure the accounting expertise 

using the number of accounting experts among board members, while we define accounting experts 

based on their accounting qualifications, such as certified public accountant (CPA) or similar 

certification. Results related to accounting expertise appear in Table 2.7 Panel A, and the insignificant 

interactions between innovation proxies and accounting expertise suggest that firms do not have 

obvious motivation to mitigate the adverse effects of low readability. This indicates that the increased 

complexity of annual report is an intentional choice for innovative firms.
2.5.2.2 Product Market Competition 

Product market competition can also account for disclosure policy, especially in the presence of 

proprietary costs. A detailed disclosure can help shareholders to know more about the firms; however, 

it could also harm the competitive advantage by revealing strategic information to competitors 

(Darrough, 1993; Li, 2010; Allee, Do, and Sterin, 2021). With the concern of competition and the 

presence of proprietary costs, public disclosure of commercially sensitive details can bring some 

negative effects, especially when current and potential rivals make strategic use of the information 

(Darrough, 1993; Li, 2010; Allee, Do, and Sterin, 2021). Thus, managers are very likely to withhold 

information once they believe the competition is fierce (Dedman and Lennox, 2009). Therefore, we 

can acknowledge whether the poor readability is for communication or for obfuscation based on the 

impacts of product market competition. If the increased complexity of annual report is firms’ 

strategies, we expect that the positive relationship between complex annual report and innovation is 

more pronounced in firms with fierce competition. Following Hoberg and Phillips (2016) and 



Rahman, Kabir, and Oliver (2021), we use the text-based Herfindahl–Hirschman Index (HHI_TNIC)7 

to measure market power. This measure is constructed from the text-based analysis of the business 

section of the 10-K form. A lower value of the Herfindahl–Hirschman Index (HHI_TNIC) indicates 

a higher level of competition.  

 We present the evidence from product market competition in Table 2.7 Panel B. We observe that 

the relationship between innovation proxies and annual report readability is more pronounced in firms 

with lower text-based Herfindahl–Hirschman Index (HHI_TNIC). This suggests that R&D 

investment (Innovation Incentive) results in lower readability only when firms face fierce competition. 

We observe similar evidence from Innovation Intensity and Innovation Value, as reported in column 

(2) and (3). This supports our prediction that innovative firms decrease the readability of their annual 

reports in response to the product market competition, and thus, the low readability is their intentional 

choice.   

2.5.3 Additional Controls 
2.5.3.1 R&D-intensity industry 

In this section, we further consider the R&D-intensive industry, which comprises the high-tech and 

durable goods industries. We set two indicator variables. The first one is High Tech, which equals 

one if the firm is within the high-tech industry (SIC codes in 28, 35, 36, 38, 48, 73, 80 and 87) and 

zero otherwise. The other indicator variable is Durable, which captures firms belonging to the durable 

goods industry (SIC code between 3400 and 3990). We present our results in Table 2.8 Panel A. We 

see that firms in the high-tech and durable goods industries tend to have better innovation 

performance. Considering these two R&D-intensive industries, our results still confirm that low 

readability of annual reports (BOG) is positively associated with Innovation Incentive, Innovation 

Intensity and Innovation Value, but negatively related to Innovation Efficiency.  

2.5.3.2 The Complexity of Operations 
The complexity of operations can affect the annual report readability, whereby firms with complex 

business may need longer and less-readable annual reports (Ertugrul et al., 2017). Pursuing innovation 

also increases the operating complexity (Lim, Chalmers, and Hanlon, 2018). Thus, in this section, we 

wish to examine whether the relationship between innovation and annual report readability remains 

unchanged when we further consider the complexity of operations. Following Li (2008), we include 

the complexity of business and operations, measured by the logarithm of business segments and the 

logarithm of geographic segments in the Compustat Segment Files. We present the results in Table 

7 Available at: http://hobergphillips.tuck.dartmouth.edu/industryconcen.htm. We are grateful to Hoberg and Phillips 
for sharing the 10-K text-based network industry concentration data. 



2.8 Panel B. We see that firms with complex business tend to perform better in Innovation Intensity, 

Innovation Value and Innovation Efficiency; however, it could hinder firms’ investment in R&D 

(Innovation Incentive). Regarding the geographic segments, we notice that the complex operations 

can account for better innovation performance. Further considering the complexity of operations 

cannot change the relationship between innovation and annual report readability in our prior findings, 

while the low readability of annual reports (BOG) is positively associated with firms’ incentive to 

invest in R&D (Innovation Incentive), the number of patents (Innovation Intensity) and the market 

value of the patents (Innovation Value); however, it is negatively related to the efficiency in 

translating the innovation inputs into outputs (Innovation Efficiency). 

2.5.4  Unreported Innovation 
In the previous regression, we follow prior literature (e.g. Lerner, 2006; Brown, and Petersen, 2011; 

He, and Wintoki, 2016; Lewis, and Tan, 2016) to set missing R&D as zero and assume that firms 

without reported R&D perform no or immaterial R&D investment. However, Hsu, Tian, and Xu 

(2014) argue that missing R&D may not necessarily indicate that firms do not engage in innovation, 

and Koh and Reeb (2015) also prove this by finding that firms with non-reported R&D tend to have 

more patent applications and patents with higher influence than those with zero R&D. Thus, in this 

section, we aim to address the problem of missing R&D using various methods.  

Table 2.9 Panel A displays the results related to the missing R&D. The dependent variable is 

Innovation Incentive, and the independent variable is the proxy of annual report readability (BOG). 

In column (1), we replicate the baseline findings and set the missing R&D as zero. However, as 

suggested in Koh and Reeb (2015), interpreting missing R&D as zero can bring substantial bias, and 

it could be helpful to include a blank dummy variable for firms with missing R&D. Thus, in column 

(2), we replace missing R&D as zero and further include a dummy variable to represent missing R&D. 

We find that including a dummy does not change the relationship between BOG index and the 

Innovation Incentive. Although many prior studies treat missing R&D as zero, Jensen, Solberg and 

Zorn (1992) suggest that supplementary industry-level proxy can be an approach to deal with missing 

R&D. Thus, in column (3), we use the industry-average R&D to replace missing R&D, finding that 

the relationship between BOG and Innovation Incentive is still positive. We further combine the 

industry-average value and a dummy variable for missing R&D in column (4). In column (5), we 

borrow from Ghosh, Moon, and Tandon (2007) and drop those with missing R&D, finding that firms 

with complex annual reports tend to have higher Innovation Incentive. Thus, we confirm that how to 

deal with missing R&D cannot change the relationship between innovation incentive and annual 

report readability.  



We next conduct our regressions using innovative firms only, limiting firms with positive R&D 

investment and positive patent activities. The results appear in Table 2.9 Panel B. We see that using 

innovative observations only also generates consistent results. With the decrease of annual report 

readability, firms tend to increase their R&D investment (Innovation Incentive) and generate more 

patents (Innovation Intensity) and patents with higher value (Innovation Value). However, this will 

constrain Innovation Efficiency. 

2.5.5 Alternative Proxies of Annual Report Readability 

In this section, we augment our results by using several alternative proxies of annual report readability. 

Following Li (2008) and Rjiba et al. (2021), we first use total document length, which is the natural 

logarithm of the total word count of the 10-K filing8. As argued by Li (2008) and Loughran and 

McDonald (2014), firms can strategically generate long documents to make annual reports less 

transparent, to make information-processing costly, and to obscure adverse information. The results 

appear in Table 2.10 Panel A. To save space, we report the interested variables only. Firms with long 

documents (Length) tend to have a high incentive to invest in R&D (Innovation Incentive), can 

generate large amounts of patents (Innovation Intensity), and generate patents with higher economic 

value (Innovation Value). Despite being insignificant, the negative coefficient in column (4) is also 

consistent with our findings in the baseline regression.   

Loughran and McDonald (2014) recommend the file size of the 10-K document as a proxy of 

readability. They argue that the simple proxy measured by document file size is not prone to 

significant measurement error as it does not require document parsing. Thus, our second measure is 

the natural logarithm of net file size, whereby only the text content is included. As indicated in Table 

2.10 Panel B, using the file size as a proxy of annual report readability generates very similar results 

as document length, while firms with complex annual reports tend to have higher Innovation Incentive, 

Innovation Intensity and Innovation Value, but lower Innovation Efficiency. 

Another widely used proxy for annual report readability is the Fog index (Li, 2008; Lehavy, Li, 

and Merkley, 2011; Lee, 2012; Lo, Ramos and Rogo, 2017; Lim, Chalmers and Hanlon, 2018). 

However, it is not developed specifically for financial reporting complexity (Miller, 2010), and 

Loughran and McDonald (2014) also criticize the Fog index as the proxy for financial reporting 

readability. Fog contains two components; however, one is poorly specified in business texts and the 

other is difficult to measure. Despite the shortcomings of the Fog index, we still use it to measure 

8 Document lengths and file sizes of 10-K reports are obtained from Loughran and McDonald’s website (available 
at: https://sraf.nd.edu/textual-analysis/resources/#LM_10X_Summaries) . 



annual report readability. The Fog index is computed as (words per sentence+ percent of complex 

words) * 0.4. We obtain the Fog index from Li’s website9. 

We present the results of the Fog index in Table 2.10 Panel C. The complexity of annual reports, 

measured by the Fog index, is only positively correlated with the Innovation Incentive, indicating 

that the Fog index is a poorly specified proxy of financial reporting readability and it cannot produce 

similar results as other proxies of readability. Thus, in this section, we use alternative proxies of 

disclosure readability and confirm that firms tend to have better innovation performance, including 

Innovation Incentive, Innovation Intensity and Innovation Value when they have complex and less-

readable annual reports. 

2.6 Conclusion 
Annual reports, an effective communication tool to the shareholders, creditors and financial analysts, 

can reduce the information asymmetry and convey the firm’s performance and prospects. Prior 

literature documents that firms can benefit from more readable annual reports (Ertugrul et al.,2017; 

Hoffmann and Kleimeier, 2019). However, we provide contradictory evidence when analyzing the 

relationship between annual report readability and innovation. We find that innovation, unlike other 

forms of investment, is positively associated with less readable annual reports. We document that 

firms with the less readable annual reports tend to have better performance in Innovation Incentive, 

Innovation Intensity and Innovation Value; however, firms cannot translate all increases in R&D into 

patents, thus, Innovation Efficiency tends to decrease. In addition, we introduce the role of earnings 

management, as annual report readability and earnings management are mutually affected to some 

extent. We find that the low readability in annual report serves as the substitute for accrual-based 

earnings management but the complement for the real earnings manipulation, while the relationship 

between innovation and annual report readability is more pronounced in firms with aggressive real 

earnings management.  

 To clarify whether the low readability in the annual report is for communication or for 

obfuscation, we introduce the role of accounting expertise and financial market competition. Our 

results prove that the low readability is the intentional choice, instead of a by-product of complex 

business operation. We provide several possible reasons for the positive relationship between low 

readability and innovation performance, namely, the degree of R&D and patent. First, less clear 

annual reports echo the high uncertainty and low transparency in the innovation process, and thus, 

managers tend to alleviate the concerns of shareholders and creditors by writing excessively complex 

annual reports. This is consistent with Bloomfield (2008), who discusses Li (2008) and puts forward 

9 Available at: https://webuser.bus.umich.edu/feng/ . 



that managers can make bad news costly by writing difficult-to-read annual reports, including long 

sentences and unnecessarily big words. Second, due to the uncertainties in innovation, managers, 

though insiders, still feel skeptical about the consequences of innovation, so they have to make annual 

reports less readable. Besides, firms tend to keep innovation-related information confidential; from 

this perspective, poor disclosure readability satisfies the requirements of confidentiality, especially 

in the R&D stage. We also support this conjecture by showing that low readability in innovative firms 

is accompanied by the fierce product market competition. Finally, innovation, coming from sustained 

investment in physical and intangible assets, critically determines competitive advantages and long-

term growth (Porter, 1992; Brown, Fazzari, and Petersen, 2009 ), while this positive signal regarding 

future prospects can offset the negative impact of less readable annual reports, giving investors and 

outsiders a strong belief. The presence of innovation has already conveyed a positive signal to 

investors and outsiders; thus, firms reduce their reliance on readable annual reports.  

 This study has several limitations. One inherent limitation lies in the patent data. One widely 

recognized problem is the truncation bias (Dass, Nanda, and Xiao, 2017; Lerner and Seru, 2022). 

Information of patent application is publicly disclosed only after the approval or after 18 months, 

while the average lag between application date and grant date is usually two to three years. Due to 

the limited availability of patent data, we are unable to fully adjust for the truncation bias. 

Additionally, we attempt to address the endogeneity concerns in this study and clarify whether the 

low readability of annual report is an artefact or a phenomenon. However, we acknowledge that the 

proposed methodologies and mechanisms cannot fully mitigate the concerns.  

 Despite these limitations, there are some policy implications to be drawn from this study. The 

mechanism behind the unreadable annual reports and complex disclosure can be multiple. It may 

reflect the intentional obfuscation to reduce the informativeness disclosure; however, it could also 

represent detailed technical information, especially for firms with complex business and operation. 

Thus, investors and stakeholders need to consider other factors when interpreting the reasons of 

unreadable annual reports. Innovation requires costly efforts and an environment to encourage risk-

taking activities and protect failure, while the low readability in annual report can provide some 

supports for this specific environment. The positive association between innovation performance and 

low readability in annual report suggests that unreadable annual reports have positive roles to enable 

and protect innovation. However, the impacts on investors can be mixed. For investors with long 

horizon, the positive impacts are more overwhelming than the negative side, as innovation, in most 

cases, can contribute to the long-term success. However, short-horizon investors tend to show less 

tolerance. Finally, this study offers an insight that the presence of innovation has already conveyed a 



 

positive signal related to current and future performance, and sometimes, unreadable annual reports 

should be permitted, especially with concerns about the competitive advantages and proprietary costs.   



Table 2.1 Summary Statistics 
This table provides the summary statistics of innovation proxies, annual report readability, earnings management and other 
control variables. Innovation Incentive is represented by R&D investment, scaled by lagged total assets, while Innovation 
Intensity is measured by the number of patents in each firm-year observation, after the logarithm transformation. Innovation 
Value is the estimated value of patents reflected in the stock market, obtained from Kogan et al. (2017) and Stoffman, Woeppel 
and Yavuz (2022). Innovation Efficiency is calculated as the number of patents scaled by the research and development 
expenditure during the past five years. Bog Index (BOG), the proxy of annual report readability, is based on the plain written 
English attributes and is obtained from Brian Miller’s website. MTB is the natural logarithm of market to book ratio. Debt Ratio 
is defined as the total debt scaled by total assets. OIA is defined as the operating income scaled by lagged total assets. Size is 
the natural logarithm of total assets. Sales is measured by the logarithm of sales scaled by the number of employees. Sales 
Growth represents the change in sales from year t-1 to year t. Cash is measured by the cash and short-term investment, scaled 
by lagged total assets. Cash Flow is the operating cash flow scaled by lagged total assets. Tangibility is the Property, Plant and 
Equipment (PPE) scaled by lagged total assets. CAPEX is the capital expenditure scaled by lagged total assets. Age is the 
number of years listed on COMPASTAT, after the natural logarithm. AEM represents the accrual earnings management, which 
is measured by the discretionary accruals. REM1 and REM2 are two comprehensive proxies for real earnings management. 
High Tech is an indicator variable, representing the firms in the high-tech industry. Durable is an indicator variable, 
representing firms in the durable goods industry. BUSSEG and GEOSEG reflect the complexity of business and operations, 
measured by the logarithm of business segments and the logarithm of geographic segments in the Compustat Segment Files for 
each firm. Detailed definition of each variable is provided in Appendix A.  

 N mean sd p25 p50 p75 
Innovation Incentive 41,243 0.071 0.184 0.000 0.007 0.079 
Innovation Intensity 41,243 0.679 1.318 0.000 0.000 0.693 
Innovation Value 41,243 1.340 2.458 0.000 0.000 1.900 
innovation Efficiency 13,755 0.121 2.121 0.000 0.000 0.065 
BOG 41,243 85.187 6.986 81.000 85.000 90.000 
MTB 41,243 0.558 0.602 0.140 0.459 0.882 
Debt Ratio 41,243 0.222 0.360 0.007 0.163 0.328 
OIA 41,243 0.005 0.691 -0.005 0.072 0.134 
Size 41,243 6.071 2.105 4.609 6.047 7.499 
Sales  41,243 5.496 1.004 5.015 5.482 5.997 
Sales Growth 41,243 0.080 0.445 -0.030 0.067 0.180 
Cash  41,243 0.262 0.535 0.044 0.138 0.339 
Cash Flow 41,243 0.044 0.419 0.022 0.087 0.147 
Tangibility 41,243 0.534 0.607 0.193 0.390 0.742 
CAPEX 41,243 0.057 0.212 0.016 0.031 0.061 
Age 41,243 2.814 0.750 2.303 2.833 3.367 
AEM 38,542 -0.002 0.546 -0.051 0.006 0.059 
REM1 35,156 0.000 2.017 -0.177 0.052 0.278 
REM2 38,542 -0.014 1.424 -0.115 0.031 0.170 
High Tech 41,243 0.581 0.493 0.000 1.000 1.000 
Durable 41,243 0.295 0.456 0.000 0.000 1.000 
BUSSEG 38,323 1.567 0.730 1.099 1.099 2.197 
GEOSEG 34,699 1.837 0.784 1.099 1.792 2.485 

  
 



 
Table 2.2 Comparisons Between Innovative and Non-innovative Firms 

This table compares the complexity of annual reports (BOG), proxy of accrual earnings management (AEM) and two aggregate 
measures of real earnings management (REM1 and REM2) in the innovative firms and non-innovative firms. Panel A classifies 
firms into innovative firms and non-innovative firms according to the innovation incentive, which is measured by R&D 
expenditure. Panel B categorizes firms by the innovation intensity, which is the number of patents for each firm. Panel C 
compares the innovation proxies and the measure of annual report readability in high-tech firms and other firms. We classify 
firms into high-tech firms if they belong to Drug industry (SIC 2833-2836), R&D Service industry (SIC 8731-8734), 
Programming industry (SIC 7371-7379), Computer industry (SIC 3570-3577) and Electronic industry (SIC 3600-3674). 
Detailed definitions of all variables can be found in Appendix A. The superscript asterisks ***, **, and * denote two–tailed 
statistical significance at the 1%, 5%, and 10% levels, respectively. 
Panel A: Innovation Incentive  

Non-innovative Firms 
 

Innovative Firms 
 

Difference t-value N Mean 
 

N Mean 
 

BOG 18,428 82.766  22,815 87.142  -4.375 -66.54*** 
AEM 16,120 0.012  22,422 -0.012  0.024 4.19*** 
REM1 14,514 0.068  20,642 -0.048  0.116 5.30*** 
REM2 16,120 0.055  22,422 -0.063  0.118 8.02*** 
 
Panel B: Innovation Intensity  

Non-innovative Firms 
 

Innovative Firms 
 

Difference t-value N Mean 
 

N Mean 
 

BOG 28,785  84.370   12,458  87.075   -2.705  -36.70*** 
AEM 26,348  0.009   12,194  -0.026   0.036  5.96*** 
REM1 24,012  -0.005   11,144  0.011   -0.017  -0.73 
REM2 26,348  -0.015   12,194  -0.012   -0.004  -0.23 
 
Panel C: Industry Comparison 

 Drugs R&D Service Programming Computers Electronics Others 
 N mean N mean N mean N mean N mean N mean 

Innovation Incentive 5242 1.839  243 0.083  3544 0.125  982 0.138  3747 0.127  35459 0.038  
Innovation Intensity 5673 0.792  274 0.330  3974 0.574  1075 2.124  4046 1.547  38526 0.526  
Innovation Value 5673 1.701  274 0.578  3974 1.183  1075 3.579  4046 2.619  38526 1.071  
innovation Efficiency 2635 0.111  76 0.131  1384 0.054  533 0.088  1993 0.147  9128 0.116  
BOG 5673 93.117  274 86.912  3974 85.807  1075 86.994  4046 86.627  38526 83.694  
 
 



 
Table 2.3 Relationship between Annual Report Readability and Innovation 

This table tests the association between annual report readability and innovation, using the pooled OLS regression, Fama-
MacBeth regression and Tobit regression. Panel A presents the results of pooled OLS regression. The dependent variables 
are four indicators of innovation related to R&D and patents, including innovation incentive, innovation intensity, innovation 
value and innovation efficiency. The explanatory variable of primary interest is the proxy of annual report readability, which 
is the Bog index. We also include a series of control variables associated with firm innovation performance. We include 
industry fixed effects and year fixed effects, and robust standard errors clustered at firm level. Panel B reports the results of 
Fama-MacBeth two step procedure. Consistent with Panel A, the dependent variables are four innovation indicators and 
explanatory variable is Bog index. Panel C displays the relation of annual report readability and innovation proxies using 
the Tobit regression, as all innovation proxies are right censored. Detailed definition of each variable can be found in 
Appendix A. The superscript asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% 
levels, respectively.

Panel A: Pooled OLS Regression 
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.003*** 0.007** 0.008* -0.001** 
 [13.07] [2.53] [1.65] [-2.31] 
MTB 0.042*** 0.318*** 0.756*** 0.021*** 
 [15.20] [13.85] [17.70] [4.11] 
Debt Ratio -0.012* -0.272*** -0.489*** -0.013 
 [-1.77] [-5.06] [-4.95] [-1.07] 
OIA -0.163*** -0.592*** -1.057*** 0.006 
 [-11.95] [-9.72] [-9.41] [0.42] 
Size -0.002*** 0.305*** 0.647*** 0.005*** 
 [-3.28] [24.71] [30.17] [2.84] 
Sales 0.001 0.045*** 0.087*** 0.001 
 [0.46] [2.99] [3.01] [0.30] 
Sales Growth 0.011*** -0.116*** -0.153*** 0.004 
 [4.15] [-6.82] [-4.83] [0.97] 
Cash 0.107*** 0.216*** 0.389*** 0.021** 
 [21.44] [5.57] [5.61] [2.36] 
Cash Flow -0.054*** 0.367*** 0.672*** 0.005 
 [-4.14] [5.84] [5.73] [0.32] 
Tangibility 0.010*** 0.016 -0.021 0.014 
 [2.89] [0.37] [-0.26] [1.24] 
CAPEX -0.051*** -0.322** -0.793*** 0.175** 
 [-3.33] [-2.12] [-2.74] [2.30] 
Age 0.002 0.073*** 0.170*** -0.002 
 [0.99] [3.16] [4.11] [-0.33] 
Constant -0.177*** -2.066*** -4.267*** 0.136** 
 [-9.63] [-4.15] [-5.31] [2.43] 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 41,243 41,243 41,243 13,755 
Adj R2 0.616 0.39 0.425 0.082 
 



 
Panel B: Fama-MacBeth Regression 

 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.003*** 0.024*** 0.039*** -0.001*** 
 [35.02] [7.91] [8.04] [-4.65] 
MTB 0.047*** 0.356*** 0.859*** 0.011* 
 [30.65] [10.03] [12.94] [1.88] 
Debt Ratio -0.016*** -0.419*** -0.710*** -0.020** 
 [-4.96] [-9.06] [-8.90] [-2.56] 
OIA -0.162*** -0.497*** -0.901*** 0.008 
 [-10.20] [-7.09] [-7.33] [0.58] 
Size -0.003*** 0.261*** 0.573*** 0.003* 
 [-8.54] [12.78] [15.11] [1.95] 
Sales -0.001 -0.001 0.007 0.000 
 [-1.59] [-0.26] [0.85] [-0.24] 
Sales Growth 0.009* -0.110*** -0.133*** 0.004 
 [1.75] [-5.07] [-3.44] [1.16] 
Cash 0.124*** 0.340*** 0.648*** 0.015*** 
 [19.80] [7.73] [8.15] [3.19] 
Cash Flow -0.061*** 0.416*** 0.747*** 0.020 
 [-3.97] [5.12] [5.05] [1.48] 
Tangibility 0.004 -0.226*** -0.442*** 0.013*** 
 [1.56] [-12.32] [-14.57] [4.19] 
CAPEX -0.096*** -1.137*** -2.320*** 0.177*** 
 [-5.56] [-6.85] [-7.77] [3.31] 
Age 0.002*** 0.134*** 0.273*** 0.005* 
 [3.55] [12.34] [13.32] [1.80] 
Constant -0.228*** -2.980*** -5.751*** 0.140*** 
 [-20.47] [-10.57] [-12.26] [3.69] 
Industry FE Y Y Y Y 
Year FE N N N N 
Observations 41,243 41,243 41,243 13,755 
Adj R2 0.599 0.252 0.312 0.022 

 

 

 

 

 

 

 

 

 

 

 

 



 
Panel C: Tobit Regression 

 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.004*** 0.027*** 0.044*** -0.001 
 [13.33] [4.44] [4.05] [-0.84] 
MTB 0.062*** 0.917*** 1.985*** 0.067*** 
 [16.90] [15.88] [19.14] [6.25] 
Debt Ratio -0.043*** -1.043*** -1.856*** -0.045* 
 [-4.13] [-6.67] [-6.58] [-1.73] 
OIA -0.202*** -1.347*** -2.340*** -0.020 
 [-13.51] [-7.55] [-7.22] [-0.66] 
Size -0.003** 0.810*** 1.624*** 0.043*** 
 [-2.48] [32.88] [38.32] [11.34] 
Sales 0.003 0.092** 0.164** 0.011 
 [1.52] [2.11] [2.01] [1.52] 
Sales Growth 0.010*** -0.281*** -0.407*** -0.018* 
 [2.86] [-5.60] [-4.44] [-1.92] 
Cash 0.120*** 0.686*** 1.250*** 0.089*** 
 [20.82] [7.83] [8.02] [4.99] 
Cash Flow -0.028* 0.519*** 0.905*** 0.001 
 [-1.93] [2.76] [2.65] [0.03] 
Tangibility 0.002 0.042 -0.027 0.049** 
 [0.39] [0.32] [-0.12] [2.03] 
CAPEX -0.131*** -1.511*** -2.901*** 0.092 
 [-4.17] [-2.73] [-2.84] [0.63] 
Age 0.005* 0.125** 0.247** -0.006 
 [1.72] [2.25] [2.49] [-0.47] 
Constant -0.388*** -9.196*** -17.877*** -0.367*** 
 [-9.43] [-7.25] [-8.30] [-2.84] 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 41,243 41,243 41,243 13,755 
F-test 168.09 101.42 118.45 11.72 
p-Value 0.000  0.000  0.000  0.000  

 

 

 



 

 
Table 2.4 Earnings Management and Annual Report Readability 

This table presents the relationship between annual report readability and earnings management. The dependent variable is annual report readability, which is captured by the 
BOG index, while earnings management proxies include accrual-based earnings management (AEM) and two comprehensive measures of real earnings management (REM1 
and REM2). For comparison, this table presents the relationship between annual report readability and earnings management in all firms, non-innovative firms and innovative 
firms only. We include industry fixed effects, year fixed effects and robust standard errors clustered at firm level. Detailed definition of each variable can be found in Appendix 
A. The superscript asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% levels, respectively. 

 (1) (2) (3)  (4) (5) (6)  (7) (8) (9) 
 BOG  BOG  BOG 
 All Firms Non-Innovative Innovative  All Firms Non-Innovative Innovative  All Firms Non-Innovative Innovative 

AEM -0.912*** -0.762*** -1.007***         
 [-5.77] [-3.63] [-5.21]         
REM1     0.369*** 0.365*** 0.146     
     [4.36] [4.01] [0.86]     
REM2         0.234*** 0.248*** 0.067 
         [2.99] [2.91] [0.47] 
MTB -0.473*** -0.558*** -0.328  -0.377*** -0.423*** -0.343  -0.488*** -0.543*** -0.385* 
 [-3.53] [-3.57] [-1.52]  [-2.73] [-2.65] [-1.53]  [-3.50] [-3.33] [-1.72] 
Debt Ratio 1.517*** 1.929*** 0.81  1.629*** 1.997*** 0.998*  1.650*** 2.015*** 1.050* 
 [4.70] [5.27] [1.46]  [4.92] [5.30] [1.76]  [4.95] [5.31] [1.86] 
OIA -3.279*** -2.944*** -3.648***  -4.057*** -3.548*** -4.648***  -4.211*** -3.757*** -4.588*** 
 [-7.11] [-5.62] [-4.80]  [-8.56] [-6.63] [-5.82]  [-9.02] [-7.17] [-5.80] 
Size 0.716*** 0.761*** 0.535***  0.700*** 0.754*** 0.534***  0.727*** 0.779*** 0.536*** 
 [14.78] [13.61] [6.04]  [13.76] [12.74] [5.83]  [14.55] [13.45] [5.91] 
Sales -0.124 -0.098 -0.279  -0.046 -0.034 -0.224  -0.106 -0.102 -0.231 
 [-1.24] [-0.88] [-1.59]  [-0.44] [-0.29] [-1.22]  [-1.03] [-0.89] [-1.27] 
Sales Growth 0.385*** 0.364*** 0.536***  0.516*** 0.506*** 0.621***  0.377*** 0.347** 0.584*** 
 [3.63] [2.78] [3.24]  [4.55] [3.60] [3.57]  [3.37] [2.53] [3.40] 
Cash 2.294*** 1.979*** 2.101***  2.467*** 2.169*** 2.240***  2.420*** 2.088*** 2.242*** 
 [9.94] [7.39] [5.90]  [10.03] [7.60] [5.89]  [10.10] [7.57] [5.98] 
Cash Flow -0.523 -0.599 -0.406  0.075 -0.256 0.488  0.372 0.165 0.461 
 [-1.19] [-1.17] [-0.55]  [0.17] [-0.50] [0.64]  [0.85] [0.33] [0.61] 
Tangibility -1.636*** -1.361*** -2.634***  -1.667*** -1.376*** -2.624***  -1.694*** -1.413*** -2.650*** 
 [-6.78] [-5.57] [-4.91]  [-6.61] [-5.39] [-4.69]  [-6.83] [-5.62] [-4.78] 
CAPEX -4.269*** -4.367*** -3.41  -4.428*** -4.434*** -4.752*  -4.518*** -4.341*** -4.936* 
 [-4.16] [-4.07] [-1.39]  [-4.05] [-3.91] [-1.77]  [-4.18] [-3.87] [-1.83] 
Age -0.879*** -0.607*** -1.205***  -0.893*** -0.619*** -1.223***  -0.884*** -0.614*** -1.211*** 
 [-7.37] [-4.54] [-5.88]  [-7.30] [-4.50] [-5.81]  [-7.26] [-4.49] [-5.75] 
Constant 77.723*** 76.224*** 82.771***  78.544*** 77.068*** 83.903***  78.711*** 77.290*** 83.929*** 
 [69.32] [64.94] [52.30]  [67.53] [63.47] [51.21]  [68.24] [64.18] [51.32] 
Industry FE Y Y Y  Y Y Y  Y Y Y 
Year FE Y Y Y  Y Y Y  Y Y Y 
Observations 38,542 26,348 12,194  35,156 24,012 11,144  35,685 24,479 11,206 
Adj R2 0.385 0.37 0.386  0.375 0.358 0.379  0.374 0.357 0.379 



 

Table 2.5 Moderating Effects of Earnings Management 

This table provides the joint effects of earnings management and annual report readability. Consistent with prior tables, the 

dependent variables in this table are four innovation proxies, including innovation incentive, innovation intensity, innovation 

value and innovation efficiency. Our interest explanatory variables are the interaction terms of earnings management and Bog 

index. Panel A examines whether accrual-based earnings management can change the relationship between Bog index and 

innovation proxies, and panel B detects the two proxies of real earnings management. We include industry fixed effects, year 

fixed effects and robust standard errors clustered at firm level. Detailed definition of each variable can be found in Appendix A. 

The superscript asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% levels, respectively. 

Panel A: Accrual-based Earnings Management 
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.003*** 0.007** 0.008 -0.001** 
 [12.86] [2.54] [1.55] [-2.26] 

AEM 0.201*** 0.416* 1.358*** 0.004 
 [3.46] [1.88] [3.16] [0.09] 

AEM*BOG -0.002*** -0.004 -0.014*** 0.000 
 [-3.67] [-1.55] [-2.93] [0.06] 

MTB 0.043*** 0.332*** 0.788*** 0.021*** 
 [15.00] [14.14] [18.18] [4.09] 

Debt Ratio -0.012* -0.279*** -0.492*** -0.012 
 [-1.68] [-5.02] [-4.87] [-1.01] 

OIA -0.169*** -0.640*** -1.103*** -0.001 
 [-10.99] [-9.81] [-9.29] [-0.04] 

Size -0.003*** 0.315*** 0.666*** 0.005*** 
 [-3.62] [24.66] [30.26] [2.77] 

Sales 0.001 0.038** 0.071** 0.001 
 [0.81] [2.47] [2.40] [0.30] 

Sales Growth 0.010*** -0.116*** -0.156*** 0.005 
 [3.68] [-6.74] [-4.89] [1.13] 

Cash 0.106*** 0.218*** 0.387*** 0.022** 
 [20.61] [5.63] [5.64] [2.51] 

Cash Flow -0.053*** 0.433*** 0.760*** 0.014 
 [-3.68] [6.53] [6.25] [0.93] 

Tangibility 0.010*** 0.015 -0.015 0.015 
 [2.60] [0.33] [-0.19] [1.28] 

CAPEX -0.052*** -0.348** -0.898*** 0.176** 
 [-3.17] [-2.18] [-2.99] [2.28] 

Age 0.002 0.075*** 0.168*** -0.002 
 [1.00] [3.10] [3.91] [-0.31] 

Constant -0.263*** -2.750*** -5.205*** 0.047 
 [-9.83] [-9.34] [-9.38] [0.76] 

Industry FE Y Y Y Y 

Year FE Y Y Y Y 

Observations 38,542 38,542 38,542 13,445 

Adj R
2
 0.615 0.391 0.43 0.082 

  



 

Panel B: Real Earnings Management 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 Innovation 

Incentive 
Innovation 
Intensity 

Innovation 
Value 

Innovation 
Efficiency 

Innovation 
Incentive 

Innovation 
Intensity 

Innovation 
Value 

Innovation 
Efficiency 

BOG 0.003*** 0.007** 0.007 -0.001** 0.003*** 0.007** 0.008 -0.001** 
 [12.07] [2.26] [1.27] [-2.45] [13.11] [2.57] [1.61] [-2.47] 
REM1 -0.049** -0.244*** -0.464*** 0.071***     
 [-2.57] [-2.96] [-2.80] [3.52]     
REM1*BOG 0.000** 0.003*** 0.005*** -0.001***     
 [1.99] [3.00] [2.91] [-3.64]     
REM2     -0.092*** -0.430*** -0.751*** 0.082*** 
     [-2.65] [-3.48] [-3.01] [3.59] 
REM2*BOG     0.001** 0.005*** 0.008*** -0.001*** 
     [1.99] [3.62] [3.18] [-3.78] 
MTB 0.042*** 0.324*** 0.779*** 0.022*** 0.039*** 0.326*** 0.780*** 0.022*** 
 [13.84] [13.20] [17.18] [4.26] [14.35] [14.02] [18.17] [4.18] 
Debt Ratio -0.014* -0.285*** -0.503*** -0.013 -0.011 -0.282*** -0.494*** -0.012 
 [-1.79] [-4.84] [-4.68] [-1.09] [-1.59] [-5.08] [-4.89] [-1.02] 
OIA -0.179*** -0.623*** -1.086*** 0.003 -0.154*** -0.576*** -1.017*** 0.003 
 [-11.55] [-9.12] [-8.72] [0.19] [-10.75] [-9.40] [-9.06] [0.23] 
Size -0.002*** 0.318*** 0.674*** 0.005*** -0.002*** 0.314*** 0.665*** 0.005*** 
 [-2.69] [24.22] [29.79] [2.66] [-3.16] [24.66] [30.24] [2.67] 
Sales 0.001 0.040** 0.073** 0.001 0.000 0.038** 0.070** 0.001 
 [0.37] [2.48] [2.34] [0.41] [-0.06] [2.43] [2.35] [0.36] 
Sales Growth 0.012*** -0.114*** -0.142*** 0.003 0.008*** -0.119*** -0.156*** 0.004 
 [3.97] [-6.19] [-4.10] [0.83] [2.88] [-6.83] [-4.84] [0.95] 
Cash 0.101*** 0.221*** 0.396*** 0.022** 0.100*** 0.213*** 0.388*** 0.021** 
 [18.84] [5.42] [5.44] [2.51] [19.87] [5.49] [5.60] [2.48] 
Cash Flow -0.057*** 0.393*** 0.701*** 0.012 -0.080*** 0.356*** 0.663*** 0.011 
 [-3.84] [5.67] [5.47] [0.81] [-5.79] [5.59] [5.63] [0.74] 
Tangibility 0.008** 0.026 0.003 0.016 0.009** 0.021 -0.009 0.016 
 [2.07] [0.53] [0.03] [1.37] [2.53] [0.45] [-0.11] [1.38] 
CAPEX -0.054*** -0.396** -0.999*** 0.178** -0.057*** -0.351** -0.907*** 0.178** 
 [-3.15] [-2.31] [-3.07] [2.30] [-3.44] [-2.20] [-3.01] [2.31] 
Age 0.001 0.077*** 0.171*** -0.002 0.002 0.077*** 0.170*** -0.002 
 [0.30] [3.06] [3.80] [-0.31] [1.44] [3.16] [3.96] [-0.28] 
Constant -0.249*** -2.716*** -5.101*** 0.058 -0.259*** -2.756*** -5.226*** 0.059 
 [-8.59] [-8.82] [-8.82] [0.94] [-9.56] [-9.35] [-9.41] [0.95] 
Industry FE Y Y Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y Y Y 
Observations 35,156 35,156 35,156 13,389 38,542 38,542 38,542 13,445 
Adj R2 0.628 0.389 0.429 0.083 0.624 0.391 0.43 0.083 



 
Table 2.6 Endogeneity Concerns 

This table provides three approaches to mitigate the endogeneity concerns. Panel A presents the results of lead-lag 

regression to mitigate reverse causality. Each independent variable is lagged by one year. The dependent variables are 

four innovation indicators: innovation incentive, innovation intensity, innovation value and innovation efficiency. The 

independent variable in our interest is the lagged value of BOG. We include industry fixed effects, year fixed effects and 

robust standard errors clustered at firm level. Panel B displays the hackman two stage model to correct the sample 

selection bias. The first stage estimates the selection probabilities, using all control variables and the average R&D 

(avg_R&D) and the average patent (avg_patent) in the same industry in a given year. Column (2) to (5) present the second 

stage, correcting the sample selection bias by including the inverse mills ratio. Panel C uses The Plain Writing Act (PWA) 

of 2010 as an exogenous shock and displays the results of the difference-in-difference (DID) analysis. Firms whose 

readability prior PWA is within the bottom quartile fall in the treatment (treat) group, and others are classified as control 

firms. Post is a dummy variable, equals one for observations in the post-PWA period. The variables in our interest are 

the interactions (treat*post). Consistent with prior tables, we include industry fixed effects, year fixed effects and robust 

standard errors clustered at firm level. Detailed definition of each variable can be found in Appendix A. The superscript 

asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% levels, respectively. 

Panel A: Lead-Lag Regression 
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

Lag (BOG) 0.004*** 0.008*** 0.010** -0.009 
 [12.04] [3.00] [2.04] [-1.49] 

Lag (MTB) 0.083*** 0.379*** 0.832*** 0.064** 
 [13.36] [14.69] [18.02] [2.31] 

Lag (Debt Ratio) 0.006 -0.144*** -0.254*** 0.001 
 [0.31] [-3.99] [-3.91] [0.07] 

Lag (OIA) -0.035** -0.082*** -0.155*** 0.029 
 [-1.96] [-3.74] [-3.80] [0.50] 

Lag (Size) -0.015*** 0.305*** 0.636*** -0.011 
 [-9.25] [22.14] [28.41] [-0.76] 

Lag (Sales) -0.015*** 0.028* 0.056* -0.004 
 [-4.84] [1.81] [1.85] [-0.24] 

Lag (Sales Growth) -0.012** -0.083*** -0.120*** 0.014 
 [-2.07] [-6.59] [-5.09] [1.37] 

Lag (Cash) -0.01 0.061*** 0.104** 0.101 
 [-1.52] [2.60] [2.54] [1.12] 

Lag (Cash Flow) -0.044** 0.016 0.047 0.121*** 
 [-1.96] [0.99] [1.46] [3.54] 

Lag (Tangibility) -0.014*** 0.012 -0.012 0.020 
 [-3.13] [0.35] [-0.20] [0.21] 

Lag (CAPEX) -0.037 -0.181*** -0.315** 0.072 
 [-1.20] [-2.65] [-2.46] [0.27] 

Lag (Age) -0.003 0.053** 0.129*** 0.000 
 [-1.40] [2.22] [3.08] [-0.01] 

Constant -0.081*** -2.043*** -4.131*** 0.943* 
 [-2.99] [-3.88] [-5.06] [1.85] 

Industry FE Y Y Y Y 

Year FE Y Y Y Y 

Observations 36,197 36,197 36,197 13,489 

Adj R
2
 0.296 0.389 0.424 0.001 



 

Panel B: Heckman Two-stage Model 
 First Stage Second Stage 
 (1) (2) (3) (4) (5) 
 Innovation 

Disclosure 
Innovation 
Incentive 

Innovation 
Intensity 

Innovation 
Value 

Innovation 
Efficiency 

avg_R&D 0.001     

 (1.37)     

avg_patent  -0.006**     

 (-2.28)     

BOG 0.013*** 0.003*** 0.008*** 0.009*** -0.001*** 
 (4.96) (33.80) (7.73) (5.17) (-4.13) 

MTB -0.071** 0.041*** 0.319*** 0.741*** 0.020*** 
 (-2.06) (46.00) (30.80) (39.64) (6.90) 

Debt Ratio -0.165** -0.014*** -0.312*** -0.500*** -0.016** 
 (-2.22) (-6.07) (-12.04) (-10.71) (-2.15) 

OIA -0.408** -0.166*** -0.603*** -1.046*** 0.004 
 (-2.31) (-44.71) (-14.05) (-13.50) (0.33) 

Size -0.183*** -0.006*** 0.296*** 0.621*** 0.005*** 
 (-19.89) (-15.70) (66.66) (77.39) (4.09) 

Sales -0.019 0.001* 0.044*** 0.082*** 0.002 
 (-0.88) (1.75) (6.56) (6.79) (0.87) 

Sales Growth 0.085 0.011*** -0.114*** -0.154*** 0.005 
 (1.31) (7.52) (-6.74) (-5.06) (0.99) 

Cash 0.268*** 0.111*** 0.224*** 0.401*** 0.021*** 
 (3.01) (59.65) (10.43) (10.34) (3.71) 

Cash Flow 0.596*** -0.046*** 0.407*** 0.743*** 0.005 
 (3.06) (-10.36) (7.99) (8.07) (0.38) 

Tangibility -0.137*** 0.009*** 0.023 -0.018 0.012** 
 (-2.58) (5.80) (1.24) (-0.54) (1.97) 

CAPEX 0.310 -0.037*** -0.334*** -0.649*** 0.166*** 
 (1.00) (-3.92) (-3.11) (-3.35) (3.78) 

Age -0.119*** -0.001* 0.055*** 0.136*** -0.002 
 (-5.13) (-1.80) (6.41) (8.69) (-0.84) 

Inverse Mills Ratio  0.177*** 0.443*** -0.113 -0.003 
  (13.54) (2.93) (-0.42) (-0.06) 

Constant 2.660*** -0.189*** -2.062*** -4.109*** 0.124** 
 (6.31) (-15.33) (-14.53) (-16.03) (2.55) 

Industry FE Y Y Y Y Y 

Year FE Y Y Y Y Y 

Observations 39754 38545 38545 38545 13588 

Pseudo R2 0.1683     

Adj R2  0.620 0.389 0.424 0.077 



Panel C: The Plain Writing Act of 2010 
 (1) (2) (3) (4) (5) 
 BOG Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

treat*post -3.332*** -0.011*** -0.107** -0.085 0.010 
 [-16.34] [-2.64] [-2.53] [-1.16] [1.18] 

treat 8.281*** 0.029*** 0.211*** 0.358*** -0.018* 
 [48.57] [6.97] [3.75] [3.74] [-1.91] 

post 5.569*** -0.003 -1.170*** -2.329*** -0.099*** 
 [31.47] [-1.16] [-26.86] [-29.72] [-14.57] 

MTB -0.571*** 0.041*** 0.313*** 0.750*** 0.022*** 
 [-5.09] [14.41] [13.57] [17.44] [4.18] 

Debt Ratio 1.151*** -0.01 -0.271*** -0.496*** -0.013 
 [4.35] [-1.42] [-5.06] [-5.04] [-1.11] 

OIA -1.862*** -0.167*** -0.594*** -1.048*** 0.006 
 [-5.26] [-12.12] [-9.79] [-9.41] [0.46] 

Size 0.484*** -0.001* 0.304*** 0.642*** 0.005** 
 [11.61] [-1.88] [24.92] [30.47] [2.54] 

Sales -0.181** 0.000 0.044*** 0.086*** 0.001 
 [-2.23] [0.13] [2.93] [2.96] [0.39] 

Sales Growth 0.144 0.011*** -0.118*** -0.159*** 0.004 
 [1.52] [4.15] [-6.99] [-5.03] [0.86] 

Cash 1.395*** 0.110*** 0.211*** 0.369*** 0.019** 
 [7.65] [21.54] [5.38] [5.26] [2.17] 

Cash Flow 0.322 -0.053*** 0.373*** 0.685*** 0.006 
 [0.94] [-4.03] [5.92] [5.86] [0.42] 

Tangibility -1.494*** 0.007* 0.011 -0.022 0.017 
 [-7.31] [1.88] [0.24] [-0.28] [1.46] 

CAPEX -3.063*** -0.058*** -0.319** -0.774*** 0.184** 
 [-3.58] [-3.73] [-2.12] [-2.70] [2.40] 

Age -0.142 0.002 0.084*** 0.203*** -0.002 
 [-1.40] [1.22] [3.41] [4.61] [-0.35] 

Constant 73.480*** 0.008 -1.607*** -3.772*** 0.031 
 [55.81] [0.54] [-3.34] [-4.96] [1.06] 

Industry FE Y Y Y Y Y 

Year FE Y Y Y Y Y 

Observations 41,242 41,242 41,242 41,242 13,755 

Adj R
2
 0.502 0.609 0.391 0.426 0.081 



 
Table 2.7 Obfuscation or Communication 

This table presents whether the low readability is for obfuscation or for communication. Panel A focuses on the 

mechanism of accounting expertise. We measure the accounting expertise using the number of accounting experts among 

board members, while we define accounting experts based on their accounting qualifications, such as certified public 

accountant (CPA) or similar certification. Panel B reports the mechanism related to product market competition. We use 

the text-based Herfindahl–Hirschman Index (HHI_TNIC) to measure the market power. Lower value of Herfindahl–

Hirschman Index (HHI_TNIC) indicates higher level of competition. The dependent variable is the proxy of annual report 

readability, which is BOG index, and our interested variables are the interactions. We include industry fixed effects, year 

fixed effects and robust standard errors clustered at firm level. Detailed definition of each variable can be found in 

Appendix A. The superscript asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% 

levels, respectively.  
Panel A: Accounting Expertise 

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

Innovation Incentive 8.881***    

 [6.57]    

Innovation Incentive * Accounting Expertise 0.036    

 [0.04]    

Innovation Intensity  0.326**   

  [2.02]   

Innovation Intensity * Accounting Expertise  0.043   

  [0.40]   

Innovation Value   0.150*  

   [1.74]  

Innovation Value * Accounting Expertise   0.022  

   [0.38]  

Innovation Efficiency    -2.194 
    [-1.58] 

Innovation Efficiency * Accounting Expertise    1.148 
    [0.90] 

Accounting Expertise -0.100 -0.109 -0.117 -0.272 
 [-0.68] [-0.78] [-0.83] [-1.28] 

MTB -0.507** -0.167 -0.196 0.108 
 [-2.44] [-0.79] [-0.92] [0.36] 

Debt Ratio 2.953*** 3.044*** 3.047*** 3.453*** 
 [5.24] [5.35] [5.35] [3.89] 

OIA -0.524 -2.420*** -2.458*** -0.381 
 [-0.74] [-3.63] [-3.68] [-0.41] 

Size 0.621*** 0.515*** 0.508*** 0.521*** 
 [5.66] [4.62] [4.53] [3.00] 

Sales -0.369** -0.364** -0.366** -0.493** 
 [-2.43] [-2.36] [-2.37] [-2.00] 

Sales Growth 0.406** 0.541*** 0.526*** 0.873*** 
 [2.21] [2.90] [2.82] [3.04] 

Cash 0.366 1.177*** 1.192*** 1.907*** 
 [1.06] [3.42] [3.45] [3.99] 

Cash Flow -0.172 -0.172 -0.128 -1.528* 
 [-0.25] [-0.26] [-0.19] [-1.87] 

Tangibility -1.211*** -1.263*** -1.248*** -3.073*** 
 [-2.78] [-2.81] [-2.78] [-3.19] 

CAPEX -4.406*** -4.780*** -4.810*** 2.286 
 [-2.76] [-2.95] [-2.97] [0.52] 

Age -0.453 -0.343 -0.346 0.178 
 [-1.42] [-1.08] [-1.09] [0.26] 

Constant 79.025*** 78.689*** 79.014*** 84.002*** 
 [50.51] [48.83] [48.52] [34.34] 

Industry FE Y Y Y Y 

Year FE Y Y Y Y 

Observations 9,629 9,629 9,629 3,746 

Adj R
2
 0.443 0.429 0.428 0.4 



Panel B: Product Market Competition 
 (1) (2) (3) (4) 
 BOG BOG BOG BOG 

Innovation Incentive 10.129***    

 [11.78]    

Innovation Incentive * HHI_TNIC -11.209***    

 [-4.32]    

Innovation Intensity  0.350***   

  [3.85]   

Innovation Intensity * HHI_TNIC  -0.635**   

  [-2.54]   

Innovation Value   0.165***  

   [3.35]  

Innovation Value * HHI_TNIC   -0.357***  

   [-2.79]  

Innovation Efficiency    -1.026 
    [-1.31] 

Innovation Efficiency * HHI_TNIC    0.222 
    [0.15] 

HHI_TNIC -3.358*** -3.675*** -3.652*** -5.193*** 
 [-11.11] [-12.46] [-12.29] [-12.37] 

MTB -0.773*** -0.477*** -0.470*** -0.253 
 [-5.88] [-3.65] [-3.56] [-1.31] 

Debt Ratio 2.026*** 2.064*** 2.051*** 1.847*** 
 [6.52] [6.53] [6.49] [3.67] 

OIA -1.815*** -3.409*** -3.454*** -2.341*** 
 [-4.14] [-8.09] [-8.20] [-3.30] 

Size 0.475*** 0.416*** 0.429*** 0.366*** 
 [9.77] [8.11] [8.15] [4.87] 

Sales -0.154* -0.166* -0.164* -0.176 
 [-1.66] [-1.77] [-1.75] [-1.24] 

Sales Growth 0.428*** 0.610*** 0.597*** 0.962*** 
 [4.01] [5.79] [5.67] [5.68] 

Cash 0.641*** 1.423*** 1.432*** 1.384*** 
 [2.94] [6.63] [6.68] [4.47] 

Cash Flow 0.816** 0.305 0.321 -0.644 
 [1.96] [0.74] [0.78] [-1.02] 

Tangibility -1.824*** -1.799*** -1.793*** -2.400*** 
 [-7.60] [-7.46] [-7.44] [-5.20] 

CAPEX -3.116*** -3.377*** -3.381*** -7.599*** 
 [-3.22] [-3.46] [-3.46] [-3.06] 

Age -0.552*** -0.551*** -0.549*** -0.588*** 
 [-4.86] [-4.79] [-4.77] [-2.75] 

Constant 77.284*** 77.934*** 77.860*** 87.401*** 
 [56.12] [51.14] [50.49] [26.61] 

Industry FE Y Y Y Y 

Year FE Y Y Y Y 

Observations 39,667 39,667 39,667 13,339 

Adj R
2
 0.417 0.409 0.409 0.379 

 



 

Table 2.8 Additional Controls 

This table provides the relationship between annual report readability and innovation proxies, including additional control 

variables. In panel A, we control for R&D-intensive industry. We set two indicator variables. The first one is High Tech, which 

equals one if the firm is within high-tech industry (SIC codes in 28, 35, 36, 38, 48, 73, 80 and 87) and zero otherwise. Another 

indicator variable is Durable, which captures firms belonging to durable goods industry (SIC code between 3400 and 3990). 

Panel B further considers the complexity of operations. We include the complexity of business (BUSSEG) and operations 

(GEOSEG), measured by the logarithm of business segments in Compustat Segment Files and the logarithm of geographic 

segments in Compustat Segment Files, respectively. All regressions include industry fixed effects, year fixed effects and robust 

standard errors clustered at firm level. Detailed definition of each variable can be found in Appendix A. The superscript asterisks 

***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% levels, respectively. 

Panel A: Controlling R&D-intensive Industries 
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.003*** 0.010*** 0.016*** -0.001** 
 [14.34] [4.08] [3.43] [-2.48] 

MTB 0.045*** 0.346*** 0.829*** 0.018*** 
 [16.24] [14.97] [18.76] [3.46] 

Debt Ratio -0.012* -0.266*** -0.460*** -0.012 
 [-1.81] [-4.82] [-4.53] [-1.00] 

OIA -0.159*** -0.533*** -0.946*** 0.003 
 [-11.30] [-8.98] [-8.61] [0.23] 

Size -0.002*** 0.297*** 0.633*** 0.005** 
 [-3.50] [23.93] [28.89] [2.43] 

Sales 0.002** 0.055*** 0.117*** 0.001 
 [2.24] [4.11] [4.39] [0.34] 

Sales Growth 0.010*** -0.118*** -0.157*** 0.004 
 [3.46] [-6.88] [-4.83] [0.96] 

Cash 0.120*** 0.306*** 0.579*** 0.019** 
 [22.75] [8.01] [8.35] [2.26] 

Cash Flow -0.073*** 0.214*** 0.337*** 0.010 
 [-5.51] [3.32] [2.83] [0.62] 

Tangibility 0.014*** 0.048 0.051 0.018 
 [4.72] [1.14] [0.67] [1.58] 

CAPEX -0.076*** -0.786*** -1.629*** 0.182** 
 [-4.89] [-5.19] [-5.67] [2.19] 

Age 0.005*** 0.099*** 0.228*** 0.000 
 [3.06] [4.20] [5.36] [-0.04] 

High Tech 0.025*** 0.385*** 0.723*** -0.003 
 [11.27] [9.02] [9.28] [-0.31] 

Durable 0.005* 0.808*** 1.303*** 0.050*** 
 [1.93] [19.09] [18.18] [6.90] 

Constant -0.252*** -2.866*** -5.701*** 0.127** 
 [-14.76] [-13.24] [-14.31] [2.48] 

Industry FE N N N N 

Year FE Y Y Y Y 

Observations 41,243 41,243 41,243 13,755 

Adj R
2
 0.594 0.359 0.392 0.063 

 

 



Panel B: Controlling Complexity of Operations 
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.002*** 0.008*** 0.011** -0.001** 
 [11.95] [2.64] [2.03] [-2.27] 

MTB 0.043*** 0.330*** 0.777*** 0.019*** 
 [12.67] [12.51] [16.30] [3.22] 

Debt Ratio -0.004 -0.195*** -0.370*** -0.002 
 [-0.56] [-3.02] [-3.13] [-0.11] 

OIA -0.163*** -0.739*** -1.291*** -0.008 
 [-9.41] [-9.27] [-8.82] [-0.47] 

Size -0.003*** 0.303*** 0.641*** 0.002 
 [-3.49] [21.67] [26.82] [0.91] 

Sales 0.002 0.066*** 0.121*** 0.003 
 [1.17] [3.65] [3.49] [0.74] 

Sales Growth 0.014*** -0.132*** -0.163*** 0.005 
 [4.40] [-5.85] [-3.94] [0.98] 

Cash 0.097*** 0.319*** 0.581*** 0.024** 
 [17.30] [6.84] [7.00] [2.15] 

Cash Flow -0.042*** 0.456*** 0.805*** 0.023 
 [-2.87] [5.70] [5.36] [1.35] 

Tangibility 0.008** 0.038 0.008 0.014 
 [2.25] [0.76] [0.10] [1.05] 

CAPEX -0.037** -0.238 -0.678** 0.124 
 [-2.27] [-1.30] [-2.01] [1.44] 

Age 0.003** 0.062** 0.142*** -0.005 
 [1.96] [2.33] [3.00] [-0.71] 

BUSSEG -0.011*** 0.089*** 0.146*** 0.017*** 
 [-8.83] [3.69] [3.38] [3.87] 

GEOSEG 0.004*** 0.115*** 0.186*** 0.003 
 [2.98] [4.94] [4.54] [0.61] 

Constant -0.167*** -2.725*** -5.377*** 0.141** 
 [-9.34] [-4.90] [-6.04] [2.18] 

Industry FE Y Y Y Y 

Year FE Y Y Y Y 

Observations 32,420 32,420 32,420 11,327 

Adj R
2
 0.58 0.407 0.442 0.082 

 

 



 

 
Table 2.9 Unreported Innovation 

This table provides various methods to deal with unreported innovation. Panel A addresses the missing R&D. Dependent variable in this table is innovation incentive, and the 
independent variable in our interest is the proxy of annual report readability (BOG). In column (1), we set missing R&D as zero by assuming that firms without reported R&D 
usually do not conduct material R&D investment. In column (2), we replace R&D as zero and further include a dummy variable to indicate missing R&D. In column (3), we 
replace missing R&D as the average R&D of all firms in the same industry in a given year. In column (4), we set missing R&D as a combination of industry average and an 
indicator variable for missing R&D. In column (5), we drop all observations with missing R&D. Panel B displays the results using the innovative observations only, limiting 
firms with both positive R&D and positive patents. We include industry fixed effects, year fixed effects and robust standard errors clustered at firm level. Detailed definition 
of each variable can be found in Appendix A. The superscript asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% levels, respectively. 

Panel A: Missing R&D 
 (1) (2) (3) (4) (5) 
 zero  zero +dummy  industry average industry average +dummy drop missing R&D 

BOG 0.003*** 0.002*** 0.002*** 0.002*** 0.003*** 
 [13.07] [12.52] [11.27] [11.15] [10.12] 
MTB 0.042*** 0.039*** 0.040*** 0.039*** 0.053*** 
 [15.20] [14.50] [14.53] [14.30] [15.53] 
Debt Ratio -0.012* -0.005 -0.003 -0.001 0.002 
 [-1.77] [-0.67] [-0.40] [-0.08] [0.17] 
OIA -0.163*** -0.158*** -0.164*** -0.163*** -0.229*** 
 [-11.95] [-11.55] [-11.84] [-11.66] [-12.28] 
Size -0.002*** -0.003*** -0.004*** -0.004*** -0.005*** 
 [-3.28] [-3.92] [-4.65] [-4.81] [-4.48] 
Sales 0.001 0.001 0.002 0.002 0.005** 
 [0.46] [0.59] [1.23] [1.27] [2.32] 
Sales Growth 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 
 [4.15] [4.26] [4.27] [4.29] [3.07] 
Cash 0.107*** 0.104*** 0.105*** 0.104*** 0.110*** 
 [21.44] [21.22] [20.81] [20.68] [18.38] 
Cash Flow -0.054*** -0.057*** -0.052*** -0.053*** -0.040** 
 [-4.14] [-4.45] [-3.90] [-3.99] [-2.22] 
Tangibility 0.010*** 0.012*** 0.010*** 0.011*** 0.025*** 
 [2.89] [3.63] [2.86] [3.05] [4.00] 
CAPEX -0.051*** -0.048*** -0.044*** -0.044*** -0.033 
 [-3.33] [-3.17] [-2.85] [-2.80] [-1.04] 
Age 0.002 0.001 0.001 0.001 0.004* 
 [0.99] [0.96] [0.81] [0.80] [1.66] 
Dummy_missing R&D  -0.040***  -0.012***  
  [-16.44]  [-4.41]  
Constant -0.177*** -0.140*** -0.133*** -0.122*** -0.204*** 
 [-9.63] [-8.23] [-7.21] [-6.70] [-7.53] 
Industry FE Y Y Y Y Y 
Year FE Y Y Y Y Y 
Observations 41,243 41,243 41,243 41,243 27,084 



Adj R2 0.616 0.627 0.602 0.603 0.645 
 
 
 



Panel B: Innovative Observations Only  
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

BOG 0.002*** 0.011*** 0.014*** -0.004*** 
 [7.77] [2.78] [3.52] [-3.62] 
MTB 0.055*** 0.429*** 1.238*** 0.008 
 [14.69] [12.56] [33.66] [0.73] 
Debt Ratio -0.004 -0.426*** -0.445*** -0.005 
 [-0.33] [-4.03] [-3.60] [-0.23] 
OIA -0.288*** -0.765*** -0.892*** 0.055* 
 [-14.63] [-6.69] [-6.29] [1.78] 
Size -0.008*** 0.561*** 1.164*** -0.026*** 
 [-6.90] [33.50] [82.55] [-6.12] 
Sales 0.014*** 0.066** 0.087*** -0.005 
 [4.89] [2.34] [2.86] [-0.72] 
Sales Growth 0.016*** -0.163*** -0.128*** 0.026*** 
 [3.42] [-5.38] [-3.21] [2.82] 
Cash 0.109*** 0.075 0.039 0.005 
 [14.59] [1.40] [0.62] [0.28] 
Cash Flow -0.018 0.109 0.192 0.021 
 [-0.87] [0.93] [1.28] [0.70] 
Tangibility 0.025*** 0.180** 0.046 0.008 
 [3.01] [2.07] [0.51] [0.35] 
CAPEX 0.045 -0.326 0.149 0.518*** 
 [1.01] [-0.85] [0.32] [3.26] 
Age 0.002 -0.008 -0.097*** 0.010 
 [0.61] [-0.21] [-2.60] [0.85] 
Constant -0.197*** -1.386*** -4.664*** 0.692*** 
 [-5.92] [-3.51] [-11.60] [6.13] 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 11,132 11,132 11,132 6,366 
Adj R2 0.684 0.541 0.789 0.156 

 
 



 
Table 2.10 Alternative Proxies of Annual Report Readability 

This table provides results using three alternative proxies of annual report readability. The alternative proxy in panel A is 
total document length, which is the natural logarithm of total word count. Our second measure, as reported in panel B, is 
the net file size, which is natural logarithm of file size, where only text content is included. Document length (Length) 
and net file size (File Size) are obtained from Loughran and McDonald’s website. Panel C uses the Fog index to measure 
annual report readability. Fog index is computed as (words per sentence+ percent of complex words) * 0.4. We obtain 
the Fog index (FOG) from Li’s website. Our dependent variables are four innovation indicators: innovation incentive, 
innovation intensity, innovation value and innovation efficiency. We include industry fixed effects, year fixed effects and 
robust standard errors clustered at firm level. Detailed definition of each variable can be found in Appendix A. The 
superscript asterisks ***, **, and * denote two–tailed statistical significance at the 1%, 5%, and 10% levels, respectively. 

Panel A: Document Length 
 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

Length 0.005*** 0.027** 0.049** -0.002 
 [5.23] [2.32] [2.25] [-0.51] 
Controls Y Y Y Y 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 39,164 39,164 39,164 13,223 
Adj R2 0.616 0.392 0.429 0.084 

 
Panel B: Net File Size 

 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

File Size 0.005*** 0.027** 0.049** -0.002 
 [5.08] [2.22] [2.16] [-0.47] 
Controls Y Y Y Y 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 39,164 39,164 39,164 13,223 
Adj R2 0.616 0.392 0.429 0.084 

 
Panel C: FOG Index 

 (1) (2) (3) (4) 
 Innovation Incentive Innovation Intensity Innovation Value Innovation Efficiency 

FOG 0.001*** 0.003 0.006 -0.001 
 [3.52] [0.82] [0.91] [-1.39] 
Controls Y Y Y Y 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 21,021 21,021 21,021 5,058 
Adj R2 0.631 0.443 0.48 0.089 

 
 
 
  



 

Appendix A: Variable Definition—Chapter 2�
Variable Definition 

Innovation Proxies 
Innovation Incentive R&D investment in each firm-year observation, scaled by lagged total assets 
Innovation Intensity Natural logarithm of one plus number of patents in each firm-year observation 
Innovation Value Estimated value of patents  
Innovation Efficiency Number of patents scaled by the research and development expenditure during the past five years 
Proxies of Annual Report Readability 
BOG The proxy of annual report readability 
LENGTH Natural logarithm of total word count 
NETSIZE Natural logarithm of file size for text content 
FOG (words per sentence+ percent of complex words) * 0.4 
Proxies of Earnings Management 

AEM Discretionary accrual is the difference between total accruals and normal accruals, according to the 
following equation:  
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Total accruals (!"#$) is the difference between earnings before extraordinary items and operating 
cash flows 

ABPROD Abnormal production cost is the difference between the actual production cost and the fitted value 
from the following equation:  
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Production cost (5FGH#$) is defined as the sum of COGS and the change in inventory 

ABDISX Abnormal discretionary expenditure. Estimated as the difference of the actual discretionary expense 
and the estimated value from the following equation: 
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Discretionary expenditure (HK1L#$ ) is defined as the sum of the advertising expense, the R&D 
expense and SG&A expense 

ABCFO Abnormal MNG is the difference between the actual MNG and the fitted value of the following 
equation:  
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REM1 (−1) ∗ UVWXYZU[	]^%_Y&'^XWUY`	&ab&W%& + UVWXYZU[	bYX]c_'^XW	_X%'% 

REM2 (−1) ∗ UVWXYZU[	Xb&YU'^Wd	_U%ℎ	f[Xg + (−1) ∗ UVWXYZU[	]^%_Y&'^XWUY`	&ab&W%& 

Proxy of Product Market Competition  

HHI_TNIC Herfindahl–Hirschman Index (HHI_TNIC) is the 10-K text-based network industry concentration. 
Lower value of Herfindahl–Hirschman Index (HHI_TNIC) indicates higher level of competition. 

Proxy for Accounting Expertise 

Accounting Expertise The number of accounting experts among board members, while accounting expert is defined based 
on their accounting qualifications, such as certified public accountant (CPA) or similar certification 

Control Variables 
MTB Natural logarithm of market to book ratio 
Debt Ratio Total debt, scaled by total assets 
OIA Operating income, scaled by lagged total assets 
Size Natural logarithm of total assets 
Sales Natural logarithm of sales, scaled by the number of employees 
Sales Growth Change of sales from year t-1 to year t 
Cash Cash and short-term investment, scaled by lagged total assets 
Cash Flow Operating cash flows, scaled by lagged total assets 
Tangibility Property, plant and equipment, scaled by lagged total assets 
CAPEX Capital expenditures, scaled by lagged total assets 
Age Natural logarithm of the number of years listed on COMPUSTAT for each firm 



High Tech An indicator variable, representing firms in high-tech industry (SIC codes in 28, 35, 36, 38, 48, 73, 
80 and 87) 

Durable An indicator variable, representing firms in durable goods industry (SIC code between 3400 and 
3990) 

BUSSEG The proxy of complexity of business, measured by logarithm of the number of business segments 
GEOSEG The proxy of complexity of operations, measured by logarithm of the number of geographic segments 

 

 



Chapter 3 

Innovation and Dividend Smoothing 

3.1 Introduction 

Dividend Smoothing, indicating that variation in dividends responds slowly to change in earnings, is 

universal and pervasive (Guttman, Kadan, and Kandel, 2010; Baker, Mendel, and Wurgler, 2016; 

Larkin, Leary, and Michaely, 2017). As documented by Brav et al. (2005) and Larkin, Leary, and 

Michaely (2017), managers and financial executives are trying to maintain a smoothed dividend stream. 

Several studies have proposed the explanations to dividend smoothing, including mitigating information 

asymmetry, limiting agency costs, external financing costs, as well as managerial career concerns 

(Aivazian, Booth, and Cleary, 2006; Guttman, Kadan, and Kandel, 2010; Lambrecht and Myers, 2012; 

Wu, 2018). However, the relationship between innovation and dividend smoothing remains 

undocumented.  

Dividends constitute one of the most important activities for firms as an informed manager should 

allocate earnings between investment and dividends, for the intrinsic value and the short-term price 

(Guttman, Kadan, and Kandel, 2010). Private information such as total earnings and investment are 

unknown to investors, while observed dividends could convey the superior information about the 

unexpected change in earnings and persistent change in future economic income (Chen and Wu, 1999; 

Chemmanur et al., 2010; Ham, Kaplan, and Leary, 2020). Except for the earnings, another important 

determinant of dividends is the future growth opportunity (Miller and Modigliani, 1961; Décamps and 

Villeneuve, 2007). Firms will cut dividends when they experience or anticipate higher growth, as this 

growth requires higher investment expenditure and sufficient cash flows. Thus, with good investment 

opportunities, firms are very likely to postpone their dividend distributions. 

 Firms are reluctant to cut dividends, even when internal funds are insufficient to cover good 

investment opportunities (Chemmanur et al., 2010). Managers with unobservable earnings tend to retain 

enough to prevent falling short next period (Baker, Mendel, and Wurgler, 2016), while dividends will 

increase by 30% of the increase in earnings (Garrett and Priestley, 2000). Michaely and Roberts (2006) 

argue that investors’ reaction is one critical reason for dividend smoothing. Stockholders, as well as 

market, tend to put a premium on stability or gradual growth in dividend rate, while market can penalize 



firms with dividend cutting (Lintner, 1956; Mantripragada, 1976; Gugler, 2003; Guttman, Kadan, and 

Kandel, 2010). As a consequence, cutting dividends can lead to the drop in the employees, expenditures 

of fixed assets, R&D expenditures, as well as the decrease of the firm’s growth options (Jensen, 

Lundstrum, and Miller, 2010). Lintner (1956) proposes the dividend smoothing, indicating that 

changing dividends upward is not always the optimal decision as there are always concerns that whether 

firms have abilities to sustain dividends in the future. 

Prior studies have summarized several explanations related to dividend smoothing. Information 

asymmetry model suggests that dividend smoothing is more prevalent in firms with highly asymmetric 

information, as signaling for the credible information about earnings is the frequently cited motivation 

for dividends (Michaely and Roberts, 2012). Under this model, dividend smoothing should be more 

attractive to firms who can benefit from such a signal, especially opaque firms with more growth 

opportunities and fewer tangible assets. Limiting the agency costs of free cash flows is another 

determinant of dividend smoothing, especially for those with greater susceptibility to free cash flow 

problems (Guttman, Kadan, and Kandel, 2010; Leary and Michaely, 2011).   

Innovation, representing non-financial or soft information, conveys a positive signal to investors, 

indicating that firms are currently running well and are focusing on the long-run development (Griffin, 

Hong, and Ryou, 2018). Previous studies have confirmed that innovation is the main engine of growth 

and it can contribute to the economic benefits of firms (Aghion, Van Reenen, and Zingales, 2013). 

However, innovation is also a major contributor to information asymmetry and insider gains (Aboody 

and Lev, 2000; Brown and Martinsson, 2019). First, outsider can obtain little or no information about 

the productivity and value of R&D by observing other firms. Thus, R&D activities are not comparable. 

Second, organized market for R&D is limited, and therefore, asset price can convey little information. 

Finally, R&D expenditure is immediately expensed in financial statement under the accounting method 

and financial reporting rule, and therefore, unlike other physical investment, information about R&D is 

insufficient. Innovative firms are also sensitive to the free cash flows, as the investment in innovative 

activities and the R&D expenditures are sometimes confidential. In addition, agency cost is usually 

higher in innovative projects, as they are risky, unpredictable, long-term and multi-stage, labor intensive, 

as well as idiosyncratic (Holmstrom, 1989; Block, 2012). Dividend smoothing can provide a solution 

to information asymmetry and reduce the free cash flows in hands of managers and the waste of free 

cash flows (Chemmanur et al., 2010; Javakhadze, Ferris, and Sen, 2014). As documented in Balli et al. 

(2022), R&D intensive firms prefer a smoothed and stable dividend stream than other firms. However, 

the distribution of profit returns in the innovative firms tends to be highly skewed (Scherer, 2000), 

making dividend smoothing more desirable, especially when firms need to meet the expectations of 

outsiders and reduce interventions. This raises several interesting questions. Do managers in the 



innovative firms have motivation to smooth their dividends? If so, is this relationship more pronounced 

in firms with higher or lower financial constraints? Whether cash holdings can change this relationship, 

as cash can be an insurance against uncertainty; however, it could also bring agency costs. Can analyst 

coverage change the relationship between innovation and dividend smoothing?  

To address these questions, we choose the dividend smoothing in the period of 2005 to 2018 and 

require firms with at least 10 years continuous non-missing data in deriving the dividend smoothing. 

The proxies of innovation in this study include the patent count, patent value and forward citation, 

generated during the ten-year window before the period of dividend smoothing. We measure the 

dividend smoothing using the most classic speed of adjustment proposed by Lintner (1956) and two 

alternative proxies (alternative speed of adjustment and relative volatility) proposed by Leary and 

Michaely (2011). 

In this study, we first conduct the baseline regression, using three different proxies of innovation, 

including patent count, patent value and forward citation. The results of baseline regression indicate 

that managers tend to smooth their dividends if firms are conducting intensive innovative activities. 

This result is statistically significant and economically sizeable. With a one standard deviation increase 

of patent count and forward citation, firms tend to increase their dividend smoothing by 26.0 percent 

and 25.6 percent (see footnote 10 and 11 for the detailed calculation), respectively.  

 To augment this study, we further perform a series of additional analyses. Financial constraints can 

be harmful for innovative activities, as those without sufficient financing are very likely to discontinue 

their innovative projects (Hyytinen and Toivanen, 2005; Li, 2011). However, the effects of financial 

constraints on dividend smoothing are mixed. Our results in this study suggest that innovative firms 

with financial constraints are less likely to smooth their dividends. Consistent with Leary and Michaely 

(2011), we provide evidence that instead of encouraging dividend smoothing, financial constraints can 

reduce the degree of dividend smoothing in the innovative firms.  

In addition, we further show the impact of cash holdings, which serve as the insurance against 

uncertainty and risk (Denis and Sibilkov, 2010; Jiang and Lie, 2016). However, cash holding is also 

relevant to agency problems and information asymmetry. Managers may not use cash in the best 

interests of firms and shareholders (Javadi et al., 2021), while information asymmetry can exacerbate 

the free cash flow problems by affecting managerial behavior and the response of outsiders (Chung et 

al., 2015). Thus, firms tend to reduce their cash holdings when they are associated with high agency 

problems and higher information asymmetry. However, whether to reduce the information asymmetry 

and agency costs or to insure against uncertainty is a concern for firms with high level of innovation. 

Our results demonstrate that the positive relationship between innovation and dividend smoothing is 

more significant in firms with low cash holdings, indicating that if firms do not have sufficient cash 



reserves, a smoothed dividend stream can help firms to achieve both minimizing the information 

asymmetry and agency costs and signaling persistent earnings.  

Finally, we are also interested in the role of analysts, which are the important participants in the 

capital markets and conveying the useful information, such as earnings forecast and buy/sell 

recommendation to brokers, investment managers and multiple investors (Lang and Lundholm, 1996). 

Moyer, Chatfield, and Sisneros (1989) propose two important roles of security analysts: one is to 

mitigate agency issues, and another is to improve the market efficiency. Given the uncertain and the 

less transparent innovation, the presence of analyst is more desirable, as it could reduce the information 

asymmetry between managers and shareholders (Frankel, and Li, 2004). Introducing the effects of 

analyst coverage, we find that positive relation between innovation and dividend smoothing is only 

significant in firms with low analyst coverage, indicating that firms tend to reduce their degree of 

dividend smoothing when analysts have already mitigated the information asymmetry and agency costs. 

In the robustness tests, we address the endogeneity concerns, using propensity score matching 

(PSM) and treatment effect model. Our results demonstrate that the positive relationship between 

innovation and dividend smoothing remains unchanged after correcting the endogeneity bias. Using the 

ex-ante proxies of innovation (R&D intensity), normalizing innovation by the industry, keeping 

innovation and dividend smoothing during same period and limiting the innovative observations only 

can also generate similar results. 

Our study contributes to existing literature in several ways. First, we provide novel empirical 

evidence on the relationship between innovation and dividend smoothing. Numerous studies have 

proposed the determinants of dividend smoothing, such as information asymmetry, agency costs, 

financial costs, managerial social capital, managers’ career concerns, and investment opportunities 

(Rozeff, 1982; Aivazian, Booth, and Cleary, 2006; Guttman, Kadan, and Kandel, 2010; Lambrecht and 

Myers, 2012; Wu, 2018l; García-Feijóo, Hossain and Javakhadze, 2021). However, to date, direct 

relationship between innovation and dividend smoothing remains unexplored, thus, we seek to fill this 

void. In this study, we find that innovative activities are positively associated with firms’ tendency to 

smooth their dividends. To the best of our knowledge, this is the first study to provide the direct 

relationship between innovation and dividend smoothing.  

Second, our study supports theories of information asymmetry and agency problems related to 

dividend smoothing (Leary and Michaely, 2011; Lambrecht and Myers, 2012), from the dimension of 

innovation. Information-based arguments yield that dividend smoothing should be more pervasive when 

information environment is opaque, while agency-based arguments propose that firms with higher 

sensitivity and susceptibility to free cash flows can benefit more from dividend smoothing (Javakhadze, 

Ferris, and Sen, 2014). Innovative firms are intuitively associated with asymmetric information and 



agency costs (Holmstrom, 1989; Aboody and Lev, 2000; Brown and Martinsson, 2019), and firms tend 

to keep the innovation inputs and process confidential unless they have enjoyed some success in the 

prior innovativeness (Hyytinen, Pajarinen, and Rouvinen, 2015). Thus, dividend smoothing provides a 

solution for those who want to minimize information asymmetry and agency costs. Finally, our study 

also offers some guidance to managers, regarding the analyst followings. Despite some pressure brought 

by analysts, the information effect in innovative firms is more overwhelming than the pressure effect. 

For innovative firms, one positive effect of analyst following is that it could alleviate firms’ concern of 

the unsustainable dividends.   

The remainder of this study is organized as follows. We summarize the literature about dividend 

smoothing and innovation and propose the hypotheses in Section 3.2. Section 3.3 describes the sample 

and data source. Section 3.4 performs the baseline regression and some additional analysis. Robustness 

tests including endogeneity and alternative measures of innovation appear in Section 3.5. We also 

provide a discussion of our results in Section 3.6. Finally, Section 3.7 concludes this study. 

3.2 Literature Review and Hypothesis Development 

3.2.1 Dividend Policy and Dividend Smoothing 

Dividend policy, a consequence of the separation of ownership and control, could reduce the 

information asymmetry and agency cost, limit the private benefits to insiders, and convey the well-

being of firms and the confidence of managers (Easterbrook, 1984; Gugler, 2003; Aivazian, Booth, and 

Cleary, 2006; Guttman, Kadan, and Kandel, 2010; He et al., 2017; Jiraporn and Lee, 2018). For one, 

higher dividends can reduce the cash flows in managers’ hands, limiting the investment on negative net 

present value (NPV) projects. For another, high dividends increase the need to seek outside funds, and 

therefore, increase the effectiveness of monitoring. Dividend reduction, the ‘last resort’ for a firm, 

indicates the managerial pessimism about the current and future prospects, as well as the insufficient 

earnings to meet the existing dividend targets (Lintner, 1956; Miller and Modigliani, 1961; Jensen, 

Lundstrum and Miller, 2010). 

Dividend smoothing, proposed by Lintner (1956), refers that variation in dividends cannot fully 

reflect change in cash flows, which is especially important and necessary for firms with volatile earnings 

(Guttman, Kadan, and Kandel, 2010). There are two main explanatory models for dividend smoothing: 

one is information asymmetry model, and another is agency-based model. Under the information 

asymmetry model, dividend smoothing serves as a signal for future cash flows (Lintner, 1956; Guttman, 

Kadan, and Kandel, 2010). If dividend smoothing is a positive indicator for future, it should be prevalent 

in firms who need and can benefit more from such a positive signal, such as opaque firms with more 

growth opportunity, fewer tangible assets and minor insider ownership (Jensen, Solberg, and Zorn, 1992; 

Aivazian, Booth, and Cleary , 2006; Javakhadze, Ferris, and Sen, 2014).  



The second model for explaining dividend smoothing is agency-based model, focusing on 

controlling agency costs of free cash flows (Leary and Michaely, 2011; Javakhadze, Ferris, and Sen, 

2014). One function of dividends is to reduce the free cash flows in the hands of managers and to 

minimize the inefficient investment (Chemmanur et al., 2010), while shareholders desire regular 

dividends to limit agency costs (Lambrecht and Myers, 2012). Institutional investors, performing the 

monitoring functions, are more likely to hold dividend-smoothing stocks than retail investors and tend 

to impose penalties in response to dividend cut, forcing managers to smooth their dividends (Javakhadze, 

Ferris, and Sen, 2014; Larkin, Leary, and Michaely, 2017). Besides, Javakhadze et al. (2014) explain 

the international dividend smoothing by studying the agency-based model and the asymmetric 

information theories, finding that agency problems, instead of information effects, are more powerful 

to explain dividend smoothing. Regarding this explanation, dividend smoothing is more pronounced in 

firms with greater susceptibility to free cash flow problems (Leary and Michaely, 2011). 

3.2.2 Innovation in Corporation 

Innovation is a strong positive predictor for future returns (Hirshleifer, Hsu, and Li ,2013). The 

difficulty in evaluating the economic implication of innovative activities leads to undervaluation of 

innovation and high future returns. Besides, they are more profitable, with higher return on assets. 

Innovation is also critical to survival rate (Hyytinen, Pajarinen, and Rouvinen; 2015). It can foster 

survival-enhancing attributes and capabilities by providing competitive market power and cost 

efficiency, however, innovative firms face more liabilities than non-innovative firms, especially for 

newness and smallness. Therefore, entrepreneurs should not regard innovation as an insurance against 

failure. Some characteristics, such as high probability of failure, unpredictable outcomes, and the 

impossibly foreseeable contingencies, bring the concerns about information asymmetry and agency 

costs in innovative activities (Holmstrom, 1989; Chemmanur and Fulghieri, 2013). 

 Being one of the main engines of growth, innovation contributes to the economic benefits of firms 

(Aghion, Van Reenen, and Zingales, 2013). However, information asymmetry and agency costs have 

brought some concerns and conflicts between patenting firms and outside investors, as well as in the 

relationship between financial intermediaries and entrepreneurs (Long, 2002; Chemmanur and Fulghieri, 

2013; Czarnitzki, Hall, and Hottenrott, 2014). Information asymmetry gives entrepreneurs the 

motivation to implement the poor projects as soon as possible, to limit the risk of cancellation of poor 

projects once the public information is revealed. The publicly unobservable investment opportunities 

and the observable cash holdings exacerbate the free cash flow problems in the innovative firms. 

Therefore, firms with innovative activities desire a positive signal to convey information to investors 

and intermediaries and to reduce information asymmetry and agency costs, while dividends can 

effectively play such a role. 



3.2.3 Hypothesis Development 

Dividend smoothing is prevalent in opaque firms, especially for those with growth prospects and few 

tangible assets (Javakhadze, Ferris, and Sen, 2014), while innovation is positively associated with the 

future performance and it is indeed the engine of growth (Aghion, Van Reenen, and Zingales, 2013). 

Besides, innovative activities are very likely to suffer from information asymmetry, not only in the 

process, but also for the inputs and outputs. In addition, agency cost is usually higher in innovative 

projects, as they are risky, unpredictable, long-term and multi-stage, labor intensive, as well as 

idiosyncratic (Holmstrom, 1989; Block, 2012). Furthermore, the strongly skewed distribution of profit 

returns from innovative activities can deteriorate the less transparent issues in those firms. Overall, 

issues related to information asymmetry and agency costs are unavoidable in innovative firms, however, 

these firms need to meet the expectation of investors and outsiders and convey the ongoing status and 

better prospects in order to reduce the intervention. Dividend smoothing can provide a solution to the 

information asymmetry and agency issues in the innovative firms, and help investors mitigate concerns 

related to the firms’ future profits and their ability to generate cash flows (Javakhadze, Ferris, and Sen, 

2014), especially when current profits are not substantial. Thus, we propose our first hypothesis: 

H1: The level of innovation is positively correlated with the degree of dividend smoothing.  

Financial constraints can influence the degree of dividend smoothing. If smoothing dividends is for 

preserving financial flexibility, it should be more pronounced in firms with high financial constraints. 

However, with the moderator of innovation, the impact of financial constraints on dividend smoothing 

can be different. Financial constraints are also crucial to innovation activities, making firms discontinue 

their R&D projects and hold back innovation and growth (Hyytinen and Toivanen, 2005; Li, 2011). 

Information asymmetry, complexity and uncertainty in the innovative activities make the financial 

constraints more salient, leading higher costs of external financing (Hottenrott and Peters, 2012). It is 

very likely that financial constraints discourage the level of innovation, and therefore, reduce the degree 

of dividend smoothing. Thus, we formulate following hypotheses:  

H2: Financial constraints can reduce the degree of dividend smoothing in innovative firms.   

Operating and competitive circumstance require firm to hold cash, especially for innovative firms, 

whose R&D are difficult to finance (He and Wintoki, 2016). Being a commitment device to invest in 

innovative activities, cash holdings are also necessary to firms whose product markets are uncertain 

(Lyandres and Palazzo, 2016). Thus, corporate cash holdings, serving as the insurance against 

uncertainty and riskiness, should be valuable, especially when external financing is insufficient (Denis 

and Sibilkov, 2010; Jiang and Lie, 2016). However, cash holding is also relevant to agency problems 

and information asymmetry. Managers tend to preform overinvestment, instead of using cash in the best 

interests of firms and shareholders (Javadi et al., 2021). At the same time, information asymmetry can 



exacerbate the free cash flow problems by affecting managerial behavior and the response of outsiders 

(Chung et al., 2015). Thus, firms tend to reduce their cash holdings when they face high agency 

problems and higher information asymmetry. Although innovative firms want to minimize their 

information asymmetry and agency costs by holding less cash, one concern is that they are very likely 

to cut payouts during external financing shocks if without sufficient cash holdings. Thus, one possible 

solution to this dilemma is to make their dividends stable and predicative. With this backdrop, we 

assume that firms with low cash holdings have more tendency to signal the persistent earnings through 

smoothed dividends, and propose the following hypothesis: 

H3: The positive relationship between innovation and dividend smoothing is more pronounced in firms 

with low cash holdings.  

Analysts are the important participants in the capital markets, conveying the useful information, 

such as earnings forecast and buy/sell recommendation to brokers, investment managers and multiple 

investors (Lang and Lundholm, 1996). Analyst coverage, exerting pressure on managers for short-term 

goals, can impede firm’s investment on innovative projects and make firms generate fewer patents and 

patents with low impact (He and Tian, 2013). However, through the information effects, analysts can 

mitigate the information asymmetry between managers and market, through acquiring, understanding 

and interpreting information. Cutting wasteful resources under the discipline of analysts makes better 

innovation. Regarding dividend payout, we assume the existence of analyst coverage can mitigate the 

information asymmetry between market and insiders, and limit the wasteful use of cash flows, thus, 

using dividend smoothing to mitigate information asymmetry and agency costs is no longer necessary. 

We formulate the following hypothesis: 

H4: Innovative firms covered by more analysts could have less dividend smoothing. 

3.3 Data 

3.3.1 Sample Selection 

Our sample starts with all firms in both CRSP and COMPUSTAT from 2005 to 2018. Following Leary 

and Michaely (2011), we exclude financial firms (SIC 6000-6999) and remove all non-dividend-paying 

firms in this period. This sample also requires the firms with at least 10 years of continuous non-missing 

data relevant to dividend smoothing, including dividend per share (DPS), earnings per share (EPS) and 

share adjustment factor. Our final sample includes 863 observations, which is generally comparable to 

García-Feijóo, Hossain and Javakhadze (2021).  

3.3.2 Dividend Smoothing 

The main measure of dividend smoothing in our study is speed of adjustment (Leary and Michaely, 

2011; Chemmanur et al., 2010; Javakhadze, Ferris, and Sen, 2014), which is from the partial adjustment 

of Lintner (1956):  



 

																																										∆H#$ = h + i*H#$)* + i/3#$ + 6#$                   (3.1) 

Where H#$ is the dividend in year ' and ∆H#$ is the difference of the dividends in year ' and year 

' − 1. 3#$ represents the earnings in year '. To control for scale effects and the stock splits, we adjust 

both earnings and dividends according to the common share outstanding for each firm. Speed of 

Adjustment (SoA) is −i*j in the above equation. 

According to Leary and Michaely (2011), there are two concerns when using the speed of 

adjustment (SoA) as a proxy of dividend smoothing. First, small-sample bias makes the cross-sectional 

differences unclear. Second, Lintner (1956) assumes that there is a dividend policy and target payout 

ratio for each firm, and the actual payout ratio tends to be consistent with the target in the long run. 

However, target payout ratio seldom exists in recent period, as only a small proportion of firms have a 

clear target payout ratio. Therefore, we follow Leary and Michaely (2011) to construct two alternative 

proxies of dividend smoothing. The first alternative is from a two-step procedure, while the first step is 

to construct the deviation from the target payout ratio, and the alternative speed of adjustment (SoA_alt) 

is the estimated coefficient of the deviation, according to the following equations:  

																																																																				∆H#$ = h + i ∗ ]&k#$ + 6#$                          (3.2) 

Where  

																																																													]&k#$ = !5F# ∗ 3#$ − H#$)*                          (3.3) 

Total payout ratio (!5F#) is the firm median payout ratio over the sample period, computed as 

common dividends scaled by net income, and the alternative measure of dividend smoothing (SoA_alt) 

is the il  from the above equations. This alternative improves the precision of the estimate, by reducing 

the dependence on the bias of the true speed of adjustment (Leary and Michaely, 2011).  

Consistent with Leary and Michaely (2011), the second alternative proxy of dividend smoothing in 

our study is relative volatility (Rel_Vol), which is from a model-free non-parametric estimation. The 

spirit of this approach lies in that changes in dividends are not exactly the changes in cash flows 

(Guttman, Kadan, and Kandel, 2010), and thus, the relative volatility is the ratio of dividend volatility 

and earnings volatility. Following Leary and Michaely (2011), we construct relative volatility as the 

ratio of the root mean squared errors from the following two equations: 

																																																						"]mH51#$ = h* + i* ∗ ' + i/ ∗ '/ + 6#$                       (3.4) 

																																														!5F# ∗ "]m351#$ = h/ + n* ∗ ' + n/ ∗ '/ + o#$                     (3.5) 

To control for the effects of dividend level on relative volatility, we first generate the scaled, split-

adjusted earnings series, which is the product of firm median payout ratio and each year’s earnings. We 

then regress the above two equations, with the quadratic time trend. These two alternatives are 



complementary as they reflect two different dimensions of dividend smoothing, and both can mitigate 

the concerns from the small sample bias and the specific dividend policy. 

3.3.3 Innovation Proxy 

To measure the innovation level for each firm, we use the patents as the proxy of innovation, which can 

reflect the intangible assets and market prospects, as well as the exclusive right to use some competitive 

and unique knowledge for obtaining market power. Patent system is essential for technological 

innovation (Mansfield, 1986) and patent, in the empirical studies, serves as a fairly reliable measure to 

represent innovation activity (Acs, Anselin, and Varga, 2002). The mandatory disclosure required by 

patent office, as well as the difficulty to manipulate patents for the short-term financial reporting 

purpose, can help investors and lenders to know more about the technological discoveries and the 

potential value of innovative activities, as well as to weigh the cash flows and the risk consequences 

(Czarnitzki, Hall, and Hottenrott, 2014; Hsu et al., 2015). The value of patents is the incremental 

economic benefits due to the right to exclude others from exploiting the invention, beyond what would 

be obtained if nothing has been granted (Farre-Mensa, Hegde, and Ljungqvist, 2019). 

We measure the innovation level, including the quantity and quality, in the ten-year window prior 

to our sample period of dividend smoothing. In the robustness test, we also measure innovation and 

dividend smoothing in the same period. Compared to the grant year, application year can efficiently 

reflect the true innovation and can avoid potential anomalies during the time lag between application 

date and the grant date (Griliches, Pakes, and Hall, 1986; Fang, Tian and Tice, 2014; Sapra, 

Subramanian, and Subramanian, 2014). We obtain patent data from Kogan et al (2017) and Stoffman, 

Woeppel, and Yavuz (2022). They use the matching algorithm to match unique permco to patent, and 

their data relieve the inconsistency caused by merge and acquisition, asset sales, joint venture and spin-

offs. 

Our first proxy of innovation is patent count, which is the number of patents applied in this ten-

year window. Our second measure of innovation is patent value, provided by Kogan et al. (2017) and 

Stoffman, Woeppel, and Yavuz (2022). Decomposing the idiosyncratic stock return into components 

related to patents and components unrelated to patents, they construct the estimated patent value as the 

product of the patent related return and market capitalization. However, one shortcoming of patents is 

that they cannot distinguish groundbreaking innovation from incremental technology discoveries (Fang, 

Tian, and Tice, 2014). Thus, forward citation, the count of later patents that cite a patented invention, 

is another proxy to capture the quality and the influence of innovation (Moser, Ohmstedt, and Rhode; 

2017). Patents are influential if they can receive some citations, as more citations suggest higher 

influence on the following technology development and higher economic values. Thus, our final proxy 

of innovation is the total number of forward citations of all patents for each firm. According to Kogan 



et al (2017) and Stoffman, Woeppel, and Yavuz (2022), they use the raw citation scaled by the average 

number of forward citations received by the patents granted in the same year to adjust for the citation 

truncation lag. All innovation proxies are highly skewed; thus, we use the natural logarithm of these 

measures in the following empirical analysis and add one to avoid losing observations (Fang, Tian and 

Tice, 2014).   

3.3.4 Control Variables 

Leary and Michaely (2011) provide a series of proxies of market frictions relevant to dividend 

smoothing. We consider firm size and age, which are proxies of firm maturity. Firm size is the natural 

logarithm of book assets, while firm age is the difference between founding year and the beginning of 

sample period. We also control for the asset tangibility and market-to-book ratio, to measure the nature 

of firm assets. To reflect the risk, we further consider the volatility of earnings and stock returns. We 

also include the stock turnover to represent investors’ horizon and clientele. In addition, we control for 

the dispersion and accuracy of analysts’ forecasts to reflect the information gap between insiders and 

outsiders. Firms that are cash cows are more likely to suffer from agency problems, thus following 

Leary and Michaely (2011), we classify firms with high profitability, high credit rating and low P/E as 

cash cows. Finally, we control for payout ratio and firm leverage. We use the median characteristics of 

each firm in the period of 2005 to 2018. 

 Table 3.1 provides the descriptive statistics for the dividend smoothing (speed of adjustment, 

alternative speed of adjustment and relative volatility), innovation proxies (patent count, patent value 

and citation) and other control variables which can systematically affect the dividend smoothing, as 

discussed above. On average, the speed of adjustment in our sample is 0.45, which is comparable to 

García-Feijóo, Hossain, and Javakhadze (2021). The average alternative speed of adjustment proposed 

by Leary and Michaely (2011) is lower than speed of adjustment, with a less dispersion. The distribution 

of relative volatility is more dispersed than speed of adjustment.  

3.4 Empirical Analysis 

3.4.1 Baseline Regression 

In this section, we conduct regressions to examine the detailed relationship between innovation and 

dividend smoothing according to the following equation: 

																							H^k^]&W]	1ZXX'ℎ^Wd# = h + i ∗ KWWXkU'^XW# + n ∗ L# + op + 6#          (3.6) 

Consistent with previous discussion, the dependent variable is dividend smoothing in the period 

between 2005 and 2018. We use three proxies to represent the dividend smoothing, including speed of 

adjustment (SoA), alternative speed of adjustment (SoA_alt) and relative volatility of dividends and 

earnings (Rel_Vol). The interest variable in these regressions is the level of innovation. As discussed 



earlier, our innovation proxies include patent count, patent value and forward citation. L# represents a 

set of control variables which can affect the dividend smoothing under the theories of information 

asymmetry and agency problems, including market-to-book ratio, asset tangibility, firm maturity, 

volatility, dispersion and accuracy of analyst forecast, the cash cow indicator, stock turnover, firm 

leverage and payout ratio. We use the heteroscedasticity-robust standard errors and consider the fixed 

effects of different industries and the countries of firm headquarters.  

 We present our results in Table 3.2, using the speed of adjustment (SoA) as the dependent variable. 

In panel A, we use the patent count as the proxy of innovation. We see from column (1) that firms with 

more patents tend to have high dividend smoothing (low speed of adjustment). Column (2) controls for 

market-to-book ratio and asset tangibility, which are two measures for the nature of firm assets. Higher 

tangibility is easier for outsiders to observe, while it is difficult to value growth opportunity (Leary and 

Michaely, 2011). Market-to-book ratio is positively related to speed of adjustment (SoA), which is 

consistent with García-Feijóo, Hossain, and Javakhadze (2021). This also suggests that agency costs 

are positively associated with dividend smoothing. We further gradually incorporate additional control 

variables in column (3) to (10). After controlling for all relevant variables, we still observe that patent 

count is positively related to the dividend smoothing, as indicated by the negative coefficient in column 

(10). The results are significant both statistically and economically. With a one standard deviation 

increase of patent count, firms tend to increase their dividend smoothing by 26.0 percent10. 

 Panel B presents the regression results when using the patent value as the independent variable. 

Consistent with Panel A, firms with more valuable patents tend to increase their dividend smoothing 

(low SoA). Including all control variables generates similar results, with the statistical significance at 

1%. In Panel C, we use the number of forward citations received by patents as the proxy of innovation, 

capturing the quality and the influence of innovation. Similarly, our results yield that firms with more 

patent citations tend to have high dividend smoothing (low SoA), while the coefficients are statistically 

significant at 1%. Besides, the economic significance is also sizeable. With a one standard deviation 

increase of forward citation, firms will increase their dividend smoothing by 25.6 percent11.  

 In Table 3.3, we present the results using two alternative proxies of dividend smoothing proposed 

by Leary and Michaely (2011). The dependent variable in panel A is alternative speed of adjustment 

(SoA_alt). Consistent with the results in Table 3.2, we observe that all innovation measures, including 

10 We calculate the economic significance as the coefficient of patent count (-0.045, Table 3.2 Panel A Column 10) 
times the standard deviation of patent count (2.614, Table 3.1), all divided by the mean of the speed of adjustment (0.452, 
Table 3.1), resulting 26.0%. 

11 We calculate the economic significance as the coefficient of citation (-0.033, Table 3.2 Panel C Column 10) times 
the standard deviation of citation (3.503, Table 3.1), all divided by the mean of the speed of adjustment (0.452, Table 3.1), 
resulting 25.6%. 



patent count, patent value and patent citation, are negatively related to alternative speed of adjustment, 

confirming that firms with more innovation tend to have high dividend smoothing (low SoA_alt). 

Unfortunately, we cannot see any impact of innovation on relative volatility, as shown in Table 3.3 

Panel B. Thus, in this section, we observe that firms with more patents usually smooth their dividends 

more heavily than those with fewer patents. Recalling the skewed distribution of profits from the 

innovative activities, we preliminary conclude that managers use dividend smoothing to mitigate the 

information asymmetry and agency costs in innovative firms, which supports our first hypothesis.   

3.4.2 Effects of Financial Constraints 

As discussed in the literature review, financial constraints are crucial to innovative activities, while 

availability of financing also provides an explanation for dividend smoothing. With the limitations of 

financial constraints, firms are very likely to discontinue their innovative projects. Financial constraints 

can prevent innovative firms from commercializing their research activities, and thus, hinder innovative 

success. This is mainly because that unanticipated cost could prevent firms appropriating necessary 

complimentary assets (Howell, 2016). In addition, financial constraints can also affect the payout ratio, 

as well as cash management, as those with limited capital market access tend to retain high portion of 

cash (Luo, 2011). Therefore, in this section, we wish to emphasize the role of financial constraints, and 

detect whether it could change the relation between innovation and dividend smoothing. Following Li 

(2010) and Luo (2011), we use KZ index to measure financial constraints and construct it according to 

the following linear combination: 

qr#$ = −1.002	MN#$/"#$)* − 39.368HK{#$/"#$)* − 1.315M#$/"#$)* + 3.139}23{#$ + 0.283~#$			(3.7) 

where MN#$/"#$)* is the cash flow over lagged assets; HK{#$/"#$)* is the cash dividends over lagged 

assets; M#$/"#$)* is the cash balance over lagged assets; }23{#$ reflects the leverage, calculated as 

total debt divided by the sum of total debt and equity; ~#$	is calculated as the market value of equity 

plus assets minus book value of equity, all divided by total assets. We winsorize the components of KZ 

index at 1% and 99% before constructing KZ index.  

 Evidence from financial constraints appears in Table 3.4. We see that firms with high financial 

constraints tend to have higher dividend smoothing, as indicated by the negative and significant 

coefficients of KZ index. This suggests that firms are reluctant to increase their dividends when they 

realize that obtaining external financing is costly. However, we observe that coefficients of interactions 

between innovation and KZ index are positive, at the conventional level (5%). Both innovation and 

financial constraints can positively account for dividend smoothing, however, the joint effects of 

financial constraints and innovation are negative. This suggests that innovation can change the 

relationship between financial constraints and dividend smoothing, and the impact of financial 



constraints is mainly reflected by the innovation. Financial constraints discourage innovative activities, 

and thus, firms will reduce their degree of dividend smoothing. Thus, we conclude that instead of 

encouraging dividend smoothing, financial constraints reduce the degree of dividend smoothing in the 

innovative firms. 

3.4.3 Effects of Cash Holdings 

Corporate cash holdings, the insurance against various factors, are important for firms with greater risk 

and valuable when sources of funds for capital are insufficient (Denis and Sibilkov, 2010; Jiang and 

Lie, 2016). Besides, strategic cash reserve is also crucial to R&D firms, especially for those with 

difficulty to obtain external funding due to uncertainty, as well as those in competitive industries (He 

and Wintoki, 2016). Thus, innovative firms tend to strategically maintain high cash holdings. (Lyandres 

and Palazzo, 2016). However, cash holding is also relevant to agency problems and information 

asymmetry. Managers tend to preform overinvestment, instead of using cash in the best interests of 

firms and shareholders (Javadi et al., 2021). Information asymmetry can even exacerbate the free cash 

flow problems by affecting managerial behavior (Chung et al., 2015). Therefore, in this section, we 

detect the role of cash holdings. In the spirit of Harford, Mansi, and Maxwell (2008) and Graham and 

Leary (2018), we construct cash holdings as the log of cash and cash equivalents to total sales.  

Dividing our sample into three groups based on their cash holdings, we present the related results 

in Table 3.5. The dependent variable is speed of adjustment (SoA). We observe that the positive 

relationship between innovation and dividend smoothing is more pronounced and significant in firms 

with low cash holdings, with a higher magnitude, suggesting that dividend smoothing is especially 

attractive to those without sufficient cash reserves. This demonstrates that although firms may want to 

reduce their agency costs by holding less cash, without sufficient insurance against riskiness, they are 

willing to signal their continuous profits. Therefore, firms without sufficient cash holdings could rely 

on the dividend smoothing to signal the persistent earnings. This also supports Bliss, Cheng, and Denis 

(2015), who argue that companies with low cash holdings are more susceptible to the external financing 

shocks, and thus, more likely to cut payout. In this case, firms tend to retain more earnings for their 

future.  

3.4.4 Effects of Analyst Coverage 

Analysts are the important participants in the capital market, as they can provide useful information, 

such as earnings forecast and recommendation to brokers, investment managers and multiple investors 

(Lang and Lundholm, 1996). The role of analyst coverage lies in two aspects: information effects and 

pressure effects. The information effects explain that analyst can mitigate the information asymmetry 

between managers and market, through acquiring, understanding and interpreting information. The 

pressure effects of analyst coverage refer to the disciplinary role when firms fail to meet the analyst 



forecast (Guo, Pérez-Castrillo and Toldrà-Simats, 2019). In consistence with information effects, Guo, 

Pérez-Castrillo, and Toldrà-Simats (2019) find analyst coverage makes firm generate more future 

patents and citations. However, He and Tian (2013) provide evidence of the adverse consequence of 

analysts, finding that firms covered by more analysts tend to generate fewer patents, as well as patents 

with less influence. They interpret this as analysts tend to exert too much pressure on managers, forcing 

them to focus on the short-term profits, instead of long-run development. Based on these two roles of 

analyst coverage, we emphasize how analyst coverage can change the correlation between innovation 

and dividend smoothing in this section.  

 We present the results related to analyst coverage in Table 3.6. We divide our sample into two 

groups, based on their number of analysts. We see that the positive association between innovation and 

dividend smoothing is only significant in firms with low analyst coverage, indicating that firms with 

more analysts tend to reduce the degree of dividend smoothing, while those followed by few analysts 

are more likely to make dividends stable and predicative. This supports the information effects of the 

analysts. Analysts can mitigate the information asymmetry by acquiring, understanding and interpreting 

information (Guo, Pérez-Castrillo and Toldrà-Simats, 2019), thus, using the dividend smoothing to 

reduce the information asymmetry is no longer necessary.  

3.5 Robustness Tests 

3.5.1 Endogeneity 

We augment our study with several important robustness tests. Although innovation predates dividend 

smoothing in our baseline regression, we acknowledge that above relationship between innovation and 

dividend smoothing is not necessarily random, as some other factors, such as managerial skills, can 

affect both the innovation decision and dividend policy. Besides, firms may not disclosure their 

innovative activities even they have sufficient outputs, generating the self-selection bias. Therefore, in 

this section, we mitigate the endogeneity concerns, using the propensity score matching (PSM) and the 

treatment effects model.  

 To control for the observable factors which may affect both innovation strategy and dividend policy, 

we first use the propensity score matching (PSM) to alleviate the endogeneity concern. We classify 

innovative firms as the treatment group and other firms as control group. We match each innovative 

observation with that in the control group, based on the closest propensity score. After the PSM, we 

further conduct the regression to test the association between dividend smoothing and innovation, and 

present the results in Table 3.7 Panel A. We observe that after the PSM, innovation, including patent 

count, patent value and citation, is still negatively correlated with speed of adjustment and thus, 

positively associated with the degree of dividend smoothing. 



 Another endogeneity bias lies in the self-selection problems. Firms have their own preference about 

whether to apply their patents and make their discoveries public. There is also a possibility that firms 

with innovation do not have applied patents. Unlike Heckman model, treatment effects model aims to 

address the self-selection bias when the outcome variables are fully observable. In our study, no matter 

whether firms have innovation outputs, we can always observe their dividend smoothing outcomes. 

Treatment effects model requires that the treatment variable is an indicator variable, so we test whether 

innovation, an indicator variable, is associated with firms’ motivation to smooth their dividends. The 

indicator variable, innovation, equals one if firms have at least one successful patent and zero otherwise. 

In the treatment equation, we choose firm employee, R&D intensity, as well as the average patent 

number in each industry as the determinants to patent application. We add the industry average patents 

as the determinant because McGahan and Silverman (2006) demonstrate that market value depends on 

the patented information by competitors, while Tang (2006) also argues firms’ perception of 

competitive environment is crucial for innovation. Thus, we assume firms in the industry with high 

patent behavior are more likely to seek patent protection once they have discoveries.  

Results of treatment effect model appear in Table 3.7 Panel B. The dependent variables in this table 

are the proxies of dividend smoothing, while the explanatory variable of primary interest is an indicator 

variable (Innovation), representing firms with patents. The significant lambda in this table indicates that 

the self-selection can indeed generate some endogeneity biases. Consistent with the results of PSM, the 

coefficients for the speed of adjustment and alternative speed of adjustment are negative and significant 

at 1% after correcting the self-selection bias, confirming that innovation is indeed positively correlated 

with the degree of dividend smoothing. The coefficient of relative volatility is also negative and 

significant at 5%. Therefore, we can confirm and conclude that after mitigating the endogeneity 

concerns, innovation level is still positively correlated with firms’ degree of dividend smoothing. 

3.5.2 Alternative Proxies of Innovation 

In the baseline regression, we choose the innovation outputs as our independent variables. In this section, 

we investigate whether the relationship between innovation and dividend smoothing remains unchanged 

if we use ex-ante proxy of innovation. Prior studies have documented the ex-post and ex-ante measure 

of innovation. When analyzing the relationship between innovativeness and startup survival rate, 

Hyytinen, Pajarinen, and Rouvinen (2015) find that the correlation is negative and significant when 

using ex-ante measure, however, the ex-post measure of innovativeness makes this relationship positive 

and insignificant. The difference between ex-post and ex-ante measure of innovation lies in the fact that 

ex-post measure of innovation can indicate a level of success, while the ex-ante measure of innovation 

can mirror the inherent uncertainty (Hyytinen, Pajarinen, and Rouvinen, 2015). In this section, we aim 

to test different effects from ex-ante and ex-post proxies of innovation. In the spirit of Sapra, 



Subramanian, and Subramanian (2014), we define the ex-ante measure of innovation as R&D intensity, 

which is the ratio of a firm’s R&D expenditure to sales. 

Table 3.8 presents regressions using ex-ante proxy of innovation. As was discussed, the dependent 

variables are still three measures of dividend smoothing: speed of adjustment and two alternative 

measures. Results in this table corroborate our baseline findings. Like patent and citation, R&D intensity 

can still reduce the speed of adjustment, and increase the dividend smoothing. The speed of adjustment 

will decrease by 19.912 percent when R&D intensity increases by one standard deviation. Therefore, 

we can conclude that the relationship between R&D intensity and (alternative) speed of adjustment is 

statistically significant and economically sizeable, suggesting that ex-ante proxy of innovation is also 

positively related to firms’ tendency to smooth their dividends. 

3.5.3 Normalized Innovation by Industries 

One may argue that our results are driven by the industry difference. As documented in Leiponen and 

Drejer (2007), it is very likely to observe the diversity of firm’s strategies and behavior, and thus, 

innovation tend to be influenced by the technological regimes, which are industry specific. Indeed, due 

to similar users and demands, as well as the correlated underlying knowledge, firms within some 

industries tend to behave in correlated ways, and thus, with more innovative activities than firms in 

other industries. Although we control for the industry fixed effects, this cannot fully mitigate this 

concern. Thus, in this section, we normalize innovation, including the number of patents, patent value 

and citations of each firm by the industry average, and present the results in Table 9. We observe that 

after the normalization by the industry average, innovation level is still positively associated with the 

degree of dividend smoothing. Thus, we can conclude that our prior results are not driven by the 

different opportunities and conditions across industries. 

3.5.4 Different Period for Innovation 

Previously, we measured the innovation using ten-year window prior to our dividend smoothing sample 

period, suggesting the previous innovation outcome is an important determinant for dividend smoothing. 

In this section, we emphasize the relationship between innovation and dividend smoothing, using the 

innovation in the same period as dividend smoothing. We see from Table 3.10 that using generated 

innovation and dividend smoothing during same period also produces similar results, while coefficients 

in column (1) and (2) are still negative, as well as statistically significant. This suggests that dividend 

smoothing is not only relative to the previous innovation outcome, but also depends on the synchronous 

innovation. 

12 We calculate the economic significance as the coefficient of R&D intensity (-2.388, Table 3.8 Column 1) times the 
standard deviation of R&D intensity (0.0377, untabulated), all divided by the mean of the speed of adjustment (0.452, Table 
3.1), resulting 19.9%. 



3.5.5 Innovative Sample 

In our previous baseline regression, we employ all firms, including innovative firms and non-innovative 

firms, as long as they have observable measures of dividend smoothing. In this section, we examine 

whether the relationship between innovation and dividend smoothing still holds if we limit our sample 

within innovative firms only. Results of this section appear in Table 3.11. We observe that coefficients 

of innovation, including patent count, patent value and patent citation are still negative, indicating that 

limiting innovative firms only cannot change our prior results, and one can observe higher degree of 

dividend smoothing in firms with better performance in patents and citations.  

3.6 Discussion 

We document that innovative activities are positively associated with dividend smoothing. In this 

section, we attempt to discuss why we can observe higher degree of dividend smoothing in firms with 

more patents and citations. One mutual factor for dividend and innovation is that both can serve as 

signals to the outsiders. Dividend, representing the observable parts of earnings and investment, can 

convey the firms’ future prospects and managers’ confidence. Innovation, representing the soft 

information, indicates the firms are currently running well and competitive in the product market. 

Market will put premium on a steady dividend stream and the higher innovation outputs (Lintner, 1956; 

Mantripragada, 1976; Guttman, Kadan, and Kandel, 2010; Gugler, 2003; Hirshleifer, Hsu, and Li ,2013). 

Innovative activities are very likely to suffer from information asymmetry, as they require a 

substantial amount of initial investment over a long period of time, however, the probability of success 

is highly uncertain (Acharya and Xu, 2017). Dividend smoothing is more prevalent in firms with higher 

information asymmetry, and a stable dividend payment conveys the information of earnings persistence. 

(Wu, 2018; García-Feijóo, Hossain and Javakhadze, 2021). The uncertainty and riskiness in the 

innovation process make dividend smoothing especially desirable. Besides, innovative activities, which 

are risky, unpredictable, long-term and multi-stage, labor intensive, as well as idiosyncratic, bring 

further agency costs (Holmstrom, 1989). Dividend smoothing can also reduce agency problems in firms 

with greater susceptibility to free cash flow (Leary and Michaely, 2011), making this process attractive 

in innovative companies. Thus, we can conclude that the innovative firms cannot avoid issues related 

to information asymmetry and agency costs, however, they still would like to convey their better future 

prospects and their strong confidence related to future performance. In addition, they need to meet the 

expectation of investors and outsiders in order to reduce the intervention. In this case, dividend 

smoothing can provide a solution to the information asymmetry and agency issues in the innovative 

firms and alleviate concerns of investors. 

Despite all significantly positive relationship, we notice that there are variations in the economic 

significances of different innovation proxies. Especially, R&D, the initial invention and development 



 

stage, is not as powerful as patents and citations in explaining the dividend smoothing. This stands in 

sharp contrast to our predication as the information asymmetry in the R&D stage is much higher than 

patents, while publicly disclosed and easily observable patents could reduce the information asymmetry 

(Long, 2002). If firms smooth their dividends to reduce information asymmetry, R&D should cause 

higher degree of dividend smoothing than patents. We propose two reasons. First, patents can mitigate 

the effects of market uncertainty on investment decision, and thus, improve the future R&D investment 

(Czarnitzki and Toole, 2011). This requires firms to accumulate earnings for future investment instead 

of making distributions. This explains the higher economic significance for patents and citations. 

Another reason lies in the missing R&D. We replace missing R&D with zero R&D, however, as 

indicated in Koh and Reeb (2015), firms with non-reporting R&D tend to have higher patent application 

and approval, as well as more influential patents than those without R&D. Thus, using R&D with 

missing value as an innovation proxy can lead underestimation.    

3.7 Conclusion 

In this study, we predict and confirm the positive relationship between innovation and dividend 

smoothing, revealing that firms with more innovation tend to have higher degree of dividend smoothing. 

Replacing ex-post innovation with ex-ante proxy of innovation, which is the R&D intensity, cannot 

change this relationship. We further document that financial constraints, the limitation to innovation 

and dividend distributions, can reduce the degree of dividend smoothing in innovative firms. 

Furthermore, we detect the role of cash holdings, which are the insurances against the riskiness and 

uncertainty, documenting that innovative firms with low cash holdings have higher dividend smoothing. 

Finally, our results also indicate the positive association between innovation and dividend smoothing is 

only significant in firms with low analyst coverage, while those followed by few analysts are more 

likely to make dividend stable and predicative. 

 Overall, this study provides a new, but important determinant of dividend smoothing, which is the 

innovation. Both information asymmetry and agency cost can account for dividend smoothing. Under 

the theories of information asymmetry, dividend smoothing indicates the persistent earnings, while 

those benefiting more from such a positive signal are more likely to smooth their dividends, such as 

opaque firms with growth prospects and few tangible assets. Under the theories of agency problems, 

dividend smoothing is attractive for firms with susceptibility in their free cash flows. Innovative firms 

are very likely to suffer from both information asymmetries and agency problems, while the growth 

opportunities and the confidential use of cash flows make the innovative firms less transparent, giving 

innovative firms more tendencies and motivations to smooth their dividends.



 
Table 3.1 Summary Statistics 

This table provides the descriptive statistics of all variables in the following empirical analysis, including the measures of 
dividend smoothing, the innovation proxies and the proxies for market frictions which can affect the dividend smoothing.  
Speed of Adjustment (SoA) is obtained from the following equation: 

∆H#$ = h + i*H#$)* + i/3#$ + 6#$ 
Where H#$ is the dividends in year ' and ∆H#$ is the difference of the dividends in year ' and year ' − 1. 3#$ represents 
the earnings in year '. Both earnings and dividends are adjusted for the common share outstanding and the stock splits. 
Speed of Adjustment (SoA) can be estimated as −i*j. 
Alternative speed of adjustment (SoA_alt) is estimated from the following regression: 

∆H#$ = h + i ∗ ]&k#$ + 6#$ 
Where  

]&k#$ = !5F# ∗ 3#$ − H#$)* 
Total payout ratio (!5F#) is the firm median payout ratio over the sample period and the alternative measure of dividend 
smoothing (SoA_alt) is the il  from the above equation.  
Another alternative of dividend smoothing is relative volatility (Rel_Vol), which is measured as the ratio of root mean 
squared errors from the following two equations: 

"]mH51#$ = h* + i* ∗ ' + i/ ∗ '/ + 6#$ 
!5F# ∗ "]m351#$ = h/ + n* ∗ ' + n/ ∗ '/ + o#$ 

Innovation proxies include patent count, patent value and citations, which are obtained from Kogan et al (2017) and Stoffman, 
Woeppel and Yavuz (2022). Control variables include firm maturity (size and age), nature of assets (asset tangibility and 
market-to-book ratio), risk (earnings volatility and stock return volatility), investor clientele (turnover), information gap 
between insiders and outsiders (dispersion and accuracy of analysts’ forecast), cash cow indicator, payout ratio and firm 
leverage. Detailed definitions of each variable can be found in Appendix B. 

 N mean sd p25 p50 p75 
Dividend Smoothing 
SoA 863 0.452  0.571  0.057  0.399  0.895  
SoA_alt 863 0.326  0.372  0.035  0.179  0.574  
Rel_Vol 858 1.159  3.007  0.211  0.515  0.983  
Innovation 
Patent count 863 2.084  2.614  0.000  0.693  3.892  
Patent value 863 3.515  4.049  0.000  1.820  6.695  
Citation 863 2.951  3.503  0.000  1.099  5.529  
Asymmetric Information & Agency Problems 
Size 863 8.161  1.953  6.841  8.222  9.564  
Age 863 37.224  135.810  12.000  24.000  45.000  
AssetTang 863 0.339  0.248  0.136  0.256  0.524  
MA/BA 863 1.767  0.995  1.175  1.476  2.047  
Earnings_vol 863 0.058 0.055 0.029 0.045 0.070 
Return_vol 863 0.078  0.027  0.058  0.074  0.093  
Turnover 859 1.800  1.771  1.000  1.501  2.202  
FcstDev 844 0.251  0.650  0.075  0.135  0.250  
FcstDisp 844 0.134  0.416  0.035  0.058  0.120  
CashCow 863 0.048  0.213  0.000  0.000  0.000  
PayoutRatio 863 0.425  1.137  0.125  0.246  0.469  
Leverage 863 0.230  0.180  0.113  0.226  0.329  



 
Table 3.2 Baseline Regression Using Speed of Adjustment 

This table provides the results of the baseline regression. The dependent variable is the speed of adjustment (SoA) and the independent variable is innovation. Panel A presents 
the results using patent count as the proxy of innovation. Column (1) displays the results without any control variables, while column (2) controls for the nature of firm assets. 
In column (3), stock turnover is further included to represent investors’ horizon and clientele. Column (4) further controls for the dispersion and accuracy of analysts’ forecast. 
In column (5), we consider whether firms are cash cows. Column (6) controls for firm maturity (size and age). In column (7), return volatility and earnings volatility are included. 
We further control for firm leverage and payout ratio in column (8) to (9). Column (10) displays the results of baseline regression with all relevant control variables (one proxy 
for each aspect). Panel B presents the results, using the patent value as the proxy of innovation. Regressions using patent citation appear in Panel C. All regressions control for 
the industry fixed effects and country fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all variables can be found in Appendix B. Robust t-
statistics appear in brackets. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively. 

Panel A: Innovation Proxy-- Patent Count  
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  

SoA SoA SoA SoA SoA SoA SoA SoA SoA SoA 
Patent count -0.043*** -0.044*** -0.044*** -0.046*** -0.044*** -0.025** -0.034*** -0.043*** -0.044*** -0.045***  

[-4.91] [-4.96] [-4.93] [-5.16] [-4.50] [-2.11] [-3.12] [-4.75] [-4.95] [-4.43] 
MA/BA 

 
0.075*** 0.072*** 0.065*** 0.072*** 0.060*** 0.069*** 0.077*** 0.076*** 0.064***   

[3.78] [3.67] [3.44] [3.66] [3.08] [3.22] [3.67] [3.76] [2.90] 
AssetTang 

 
0.134 0.129 0.212 0.129 0.129 0.097 0.136 0.116 0.198   
[1.05] [1.01] [1.64] [1.01] [1.02] [0.76] [1.06] [0.91] [1.52] 

Turnover 
  

-0.014 -0.014 -0.014 -0.006 -0.018 -0.013 -0.015 -0.015    
[-1.33] [-1.44] [-1.32] [-0.73] [-1.40] [-1.37] [-1.39] [-1.54] 

FcstDisp 
   

-0.123 
     

-0.109     
[-1.17] 

     
[-1.04] 

FcstDev 
   

-0.016 
     

-0.025     
[-0.28] 

     
[-0.43] 

CashCow 
    

0.021 
    

0.027      
[0.28] 

    
[0.35] 

Size 
     

-0.040*** 
    

      
[-2.68] 

    

Age 
     

0.000 
   

0.000       
[-1.29] 

   
[-1.18] 

Return_vol 
      

1.859* 
   

       
[1.68] 

   

Earnings_vol 
      

0.395 
  

0.317        
[1.37] 

  
[1.07] 

Leverage 
       

-0.205 
 

-0.195         
[-1.64] 

 
[-1.44] 

PayoutRatio 
        

-0.028* -0.020          
[-1.76] [-1.30] 

Constant 0.733*** 0.531*** 0.571*** 0.586*** 0.575*** 0.880*** 0.288 0.593*** 0.585*** 0.598***  
[4.36] [2.74] [2.94] [2.76] [2.99] [3.69] [1.19] [2.94] [2.97] [2.66] 

Industry FE Y Y Y Y Y Y Y Y Y Y 



 

Country FE Y Y Y Y Y Y Y Y Y Y 
Observations 863 863 859 843 859 859 859 859 859 843 
Adj R2 0.059 0.07 0.071 0.08 0.07 0.08 0.074 0.073 0.072 0.081 



Panel B: Innovation Proxy-- Patent Value  
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  

SoA SoA SoA SoA SoA SoA SoA SoA SoA SoA 
Patent value -0.028*** -0.028*** -0.028*** -0.030*** -0.029*** -0.017** -0.023*** -0.027*** -0.029*** -0.029***  

[-5.43] [-5.53] [-5.51] [-5.84] [-5.12] [-2.23] [-3.58] [-5.24] [-5.60] [-5.05] 
MA/BA 

 
0.075*** 0.073*** 0.066*** 0.073*** 0.062*** 0.069*** 0.077*** 0.077*** 0.065***   

[3.85] [3.73] [3.51] [3.73] [3.17] [3.28] [3.72] [3.84] [2.99] 
AssetTang 

 
0.124 0.119 0.202 0.119 0.125 0.092 0.127 0.105 0.189   
[0.98] [0.94] [1.57] [0.94] [0.99] [0.72] [0.99] [0.82] [1.45] 

Turnover 
  

-0.014 -0.015 -0.014 -0.007 -0.018 -0.013 -0.015 -0.015    
[-1.38] [-1.50] [-1.37] [-0.84] [-1.43] [-1.41] [-1.45] [-1.59] 

FcstDisp 
   

-0.108 
     

-0.095     
[-1.06] 

     
[-0.93] 

FcstDev 
   

-0.023 
     

-0.032     
[-0.42] 

     
[-0.55] 

CashCow 
    

0.020 
    

0.026      
[0.29] 

    
[0.35] 

Size 
     

-0.035** 
    

      
[-2.12] 

    

Age 
     

0.000 
   

0.000       
[-1.18] 

   
[-1.02] 

Return_vol 
      

1.655 
   

       
[1.49] 

   

Earnings_vol 
      

0.365 
  

0.281        
[1.26] 

  
[0.96] 

Leverage 
       

-0.182 
 

-0.172         
[-1.47] 

 
[-1.29] 

PayoutRatio 
        

-0.030* -0.022          
[-1.91] [-1.45] 

Constant 0.810*** 0.615*** 0.656*** 0.665*** 0.661*** 0.892*** 0.386 0.672*** 0.672*** 0.676***  
[4.71] [3.13] [3.33] [3.05] [3.39] [3.78] [1.55] [3.31] [3.36] [2.95] 

Industry FE Y Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y Y 
Observations 863 863 859 843 859 859 859 859 859 843 
Adj R2 0.063 0.074 0.075 0.085 0.074 0.08 0.077 0.076 0.077 0.086 

 

 

 



Panel C: Innovation Proxy-- Citation  
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  

SoA SoA SoA SoA SoA SoA SoA SoA SoA SoA 
Citation -0.033*** -0.033*** -0.034*** -0.034*** -0.034*** -0.021** -0.027*** -0.033*** -0.034*** -0.033***  

[-5.05] [-5.14] [-5.16] [-5.24] [-4.76] [-2.43] [-3.37] [-5.03] [-5.17] [-4.64] 
MA/BA 

 
0.076*** 0.074*** 0.067*** 0.074*** 0.061*** 0.069*** 0.079*** 0.077*** 0.066***   

[3.87] [3.75] [3.54] [3.75] [3.15] [3.27] [3.77] [3.85] [2.98] 
AssetTang 

 
0.132 0.127 0.209 0.127 0.125 0.094 0.134 0.114 0.193   
[1.04] [0.99] [1.62] [0.99] [0.99] [0.74] [1.04] [0.89] [1.48] 

Turnover 
  

-0.015 -0.015 -0.015 -0.007 -0.019 -0.014 -0.016 -0.016    
[-1.40] [-1.49] [-1.39] [-0.81] [-1.44] [-1.45] [-1.46] [-1.59] 

FcstDisp 
   

-0.126 
     

-0.111     
[-1.20] 

     
[-1.06] 

FcstDev 
   

-0.016 
     

-0.025     
[-0.27] 

     
[-0.42] 

CashCow 
    

0.011 
    

0.014      
[0.15] 

    
[0.20] 

Size 
     

-0.040*** 
    

      
[-2.67] 

    

Age 
     

0.000 
   

0.000       
[-1.30] 

   
[-1.21] 

Return_vol 
      

1.830* 
   

       
[1.67] 

   

Earnings_vol 
      

0.406 
  

0.335        
[1.41] 

  
[1.13] 

Leverage 
       

-0.217* 
 

-0.207         
[-1.75] 

 
[-1.54] 

PayoutRatio 
        

-0.028* -0.021          
[-1.78] [-1.34] 

Constant 0.743*** 0.538*** 0.581*** 0.601*** 0.584*** 0.877*** 0.299 0.603*** 0.595*** 0.610***  
[4.60] [2.85] [3.06] [2.93] [3.09] [3.75] [1.25] [3.06] [3.10] [2.78] 

Industry FE Y Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y Y 
Observations 863 863 859 843 859 859 859 859 859 843 
Adj R2 0.059 0.071 0.072 0.08 0.071 0.082 0.076 0.075 0.074 0.082 

 
 
 



 

 
Table 3.3 Baseline Regression Using Alternative Proxies 

This table provides the regressions when using two alternative measures of dividend smoothing as dependent variables. 
Panel A displays the results when employing alternative speed of adjustment (SoA_alt) as the measure of dividend smoothing, 
while the interest variables are the measures of innovation, including patent count, patent value and citation. We present the 
regression without controls and with other characteristics, respectively. Panel B displays the regression results when using 
relative volatility (Rel_Vol) to represent the dividend smoothing. All regressions control for the industry fixed effects and 
country fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all variables can be found in 
Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical significance at the 1%, 5% 
and 10% levels, respectively. 

Panel A: Alternative Speed of Adjustment   
Patent Count Patent Value Citation  

(1) (2) (3) (4) (5) (6) 
Patent Count -0.027*** -0.024*** 

    
 

[-4.57] [-3.53] 
    

Patent Value 
  

-0.017*** -0.016*** 
  

   
[-4.92] [-4.00] 

  

Citation 
    

-0.020*** -0.018***      
[-4.60] [-3.77] 

MA/BA 
 

0.077*** 
 

0.078*** 
 

0.078***   
[4.49] 

 
[4.54] 

 
[4.55] 

AssetTang 
 

0.176* 
 

0.170 
 

0.173*   
[1.68] 

 
[1.63] 

 
[1.65] 

Turnover 
 

-0.012 
 

-0.012 
 

-0.012   
[-1.47] 

 
[-1.50] 

 
[-1.51] 

FcstDisp 
 

-0.025 
 

-0.016 
 

-0.025   
[-0.37] 

 
[-0.25] 

 
[-0.38] 

FcstDev 
 

-0.007 
 

-0.011 
 

-0.007   
[-0.20] 

 
[-0.33] 

 
[-0.21] 

CashCow 
 

-0.013 
 

-0.011 
 

-0.018   
[-0.24] 

 
[-0.20] 

 
[-0.32] 

Age 
 

0.000 
 

0.000 
 

0.000   
[0.37] 

 
[0.42] 

 
[0.35] 

Earnings_vol 
 

0.16 
 

0.135 
 

0.166   
[0.69] 

 
[0.58] 

 
[0.72] 

Leverage 
 

-0.195** 
 

-0.182* 
 

-0.201**   
[-2.07] 

 
[-1.96] 

 
[-2.14] 

PayoutRatio 
 

-0.005 
 

-0.006 
 

-0.005   
[-0.34] 

 
[-0.44] 

 
[-0.37] 

Constant 0.521*** 0.343** 0.568*** 0.385** 0.527*** 0.349**  
[3.55] [2.02] [3.73] [2.20] [3.77] [2.09] 

Industry FE Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y 
Observations 863 843 863 843 863 843 
Adj R2 0.083 0.124 0.087 0.128 0.083 0.125 
 
 
 
 

 



  

Panel B: Relative Volatility   
Patent Count Patent Value Citation  

(1) (2) (3) (4) (5) (6) 
Patent Count -0.062* -0.021 

    
 

[-1.70] [-0.50] 
    

Patent Value 
  

-0.053** -0.030 
  

   
[-2.04] [-1.03] 

  

Citation 
    

-0.043* -0.014      
[-1.69] [-0.49] 

MA/BA 
 

0.201 
 

0.206 
 

0.201   
[1.48] 

 
[1.50] 

 
[1.49] 

AssetTang 
 

1.483* 
 

1.439* 
 

1.484*   
[1.79] 

 
[1.75] 

 
[1.79] 

Turnover 
 

-0.039 
 

-0.038 
 

-0.040   
[-0.67] 

 
[-0.66] 

 
[-0.68] 

FcstDisp 
 

-0.227 
 

-0.192 
 

-0.230   
[-0.52] 

 
[-0.44] 

 
[-0.53] 

FcstDev 
 

0.218 
 

0.198 
 

0.220   
[0.90] 

 
[0.81] 

 
[0.90] 

CashCow 
 

-0.536* 
 

-0.458* 
 

-0.547**   
[-1.86] 

 
[-1.69] 

 
[-2.00] 

Age 
 

0.000 
 

0.000 
 

0.000   
[0.82] 

 
[0.85] 

 
[0.81] 

Earnings_vol 
 

-0.009 
 

-0.160 
 

0.007   
[-0.00] 

 
[-0.08] 

 
[0.00] 

Leverage 
 

-1.662** 
 

-1.625** 
 

-1.668**   
[-2.13] 

 
[-2.11] 

 
[-2.13] 

PayoutRatio 
 

0.089 
 

0.085 
 

0.089   
[1.12] 

 
[1.06] 

 
[1.12] 

Constant 1.692 0.744 1.787 0.808 1.716 0.750  
[1.52] [0.67] [1.53] [0.69] [1.57] [0.68] 

Industry FE Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y 
Observations 858 838 858 838 858 838 
Adj R2 0.033 0.035 0.034 0.036 0.032 0.035 
 
 
 
 



 
Table 3.4 Effects of Financial Constraints 

This table presents whether the relationship between innovation and dividend smoothing is more pronounced in firms with high financial constraints or low financial constraints. 
We use the KZ index as the proxy of financial constraints, according to the following linear combination: 

!"#$ = −1.002	,-#$//#$01 − 39.368678#$//#$01 − 1.315,#$//#$01 + 3.139;<=8#$ + 0.283>#$			 
where ,-#$//#$01 is the cash flow over lagged assets; 678#$//#$01 is the cash dividend divided by lagged assets; ,#$//#$01 is the cash balance over lagged assets; ;<=8#$ 
reflects the leverage, calculated as total debt divided by the sum of total debt and equity; >#$	is calculated as the market value of equity plus assets minus book value of equity, 
all divided by total assets. We winsorize the components of KZ index at 1% and 99% before constructing KZ index. The dependent variables are the proxies of dividend 
smoothing, including speed of adjustment, alternative speed of adjustment and relative volatility. The interest variables in these regressions are the interactions of innovation 
and KZ index. All regressions control for the industry fixed effects and country fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all variables 
can be found in Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively.  

Speed of Adjustment Alternative Speed of Adjustment Relative Volatility  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Patent Count -0.044*** 
  

-0.023*** 
  

-0.020 
  

 
[-4.34] 

  
[-3.41] 

  
[-0.48] 

  

Patent Count*KZ index 0.017** 
  

0.010** 
  

0.026 
  

 
[2.28] 

  
[2.55] 

  
[1.09] 

  

Patent Value 
 

-0.029*** 
  

-0.015*** 
  

-0.030 
 

  
[-4.84] 

  
[-3.82] 

  
[-1.04] 

 

Patent Value*KZ index 
 

0.009** 
  

0.005* 
  

0.017 
 

  
[2.06] 

  
[1.93] 

  
[1.13] 

 

Citation 
  

-0.032*** 
  

-0.017*** 
  

-0.013    
[-4.52] 

  
[-3.58] 

  
[-0.44] 

Citation*KZ index 
  

0.012** 
  

0.006** 
  

0.010    
[2.34] 

  
[2.11] 

  
[0.56] 

KZ index -0.075*** -0.069*** -0.078*** -0.047*** -0.042** -0.046*** -0.105 -0.101 -0.092  
[-3.42] [-3.16] [-3.42] [-2.76] [-2.40] [-2.63] [-0.69] [-0.67] [-0.58] 

MA/BA 0.027 0.031 0.030 0.055** 0.057*** 0.056*** 0.159 0.168 0.159  
[0.99] [1.11] [1.08] [2.56] [2.64] [2.64] [0.83] [0.87] [0.84] 

AssetTang 0.276** 0.263* 0.271** 0.242** 0.231** 0.235** 1.696* 1.659* 1.671*  
[2.04] [1.96] [2.01] [2.40] [2.30] [2.33] [1.95] [1.91] [1.91] 

Turnover -0.012 -0.013 -0.014 -0.011 -0.011 -0.012 -0.037 -0.036 -0.037  
[-1.38] [-1.43] [-1.47] [-1.39] [-1.41] [-1.44] [-0.59] [-0.58] [-0.60] 

FcstDisp -0.108 -0.103 -0.110 -0.024 -0.021 -0.026 -0.224 -0.203 -0.230  
[-1.10] [-1.04] [-1.10] [-0.41] [-0.35] [-0.41] [-0.48] [-0.44] [-0.50] 

FcstDev -0.021 -0.024 -0.020 -0.004 -0.006 -0.004 0.224 0.211 0.226  
[-0.38] [-0.42] [-0.36] [-0.14] [-0.20] [-0.13] [0.87] [0.81] [0.88] 

CashCow 0.002 0.010 -0.010 -0.027 -0.019 -0.030 -0.585** -0.495* -0.586**  
[0.02] [0.14] [-0.14] [-0.49] [-0.34] [-0.56] [-1.97] [-1.79] [-2.09] 

Age 0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000   
[-1.38] [-1.14] [-1.42] [0.31] [0.38] [0.30] [0.79] [0.83] [0.80] 

Earnings_vol 0.126 0.093 0.155 0.028 0.009 0.044 -0.276 -0.439 -0.227 



 
[0.39] [0.29] [0.47] [0.13] [0.04] [0.20] [-0.14] [-0.21] [-0.11] 

Leverage 0.002 0.009 -0.013 -0.077 -0.072 -0.084 -1.451 -1.449 -1.445  
[0.01] [0.06] [-0.09] [-0.70] [-0.66] [-0.76] [-1.28] [-1.28] [-1.27] 

PayoutRatio -0.022 -0.024* -0.022 -0.006 -0.007 -0.006 0.087 0.084 0.086  
[-1.59] [-1.72] [-1.61] [-0.47] [-0.57] [-0.49] [1.13] [1.07] [1.12] 

Constant 0.688*** 0.738*** 0.698*** 0.391*** 0.415*** 0.393*** 0.787 0.813 0.774  
[3.51] [3.68] [3.55] [2.67] [2.69] [2.62] [0.69] [0.69] [0.66] 

Industry FE Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y 
Observations 837 837 837 837 837 837 832 832 832 
Adj R2 0.096 0.097 0.096 0.139 0.139 0.137 0.034 0.035 0.033 

 
 
 



 

Table 3.5 Effects of Cash Holdings 
This table shows whether cash holdings are relevant in explaining the relationship between innovation and dividend smoothing. We divide the sample into three groups based 
on their cash holdings. Cash holding is defined as the ratio of cash and marketable security to total sales, after log transformation. The dependent variable in this table is the 
proxy of dividend smoothing, which is the speed of adjustment (SoA). The variables of interest are innovation proxies, including patent count, patent value and citation. As 
prior, we include all variables which are relevant to dividend smoothing. All regressions control for the industry fixed effects and country fixed effects and use the 
heteroscedasticity-robust standard errors. Definitions of all variables can be found in Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate 
statistical significance at the 1%, 5% and 10% levels, respectively.  

Low Cash Holdings Medium Cash Holdings High Cash Holdings  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Patent Count -0.062*** 
  

-0.046* 
  

-0.045** 
  

 
[-3.35] 

  
[-1.89] 

  
[-2.44] 

  

Patent Value 
 

-0.039*** 
  

-0.025* 
  

-0.026** 
 

  
[-4.10] 

  
[-1.96] 

  
[-2.20] 

 

Citation 
  

-0.040*** 
  

-0.030* 
  

-0.034**    
[-3.20] 

  
[-1.81] 

  
[-2.47] 

MA/BA 0.036 0.035 0.033 0.121** 0.119** 0.119** 0.029 0.030 0.030  
[0.66] [0.65] [0.62] [2.41] [2.42] [2.40] [0.70] [0.72] [0.72] 

AssetTang 0.078 0.044 0.077 0.239 0.285 0.256 0.425 0.412 0.421  
[0.36] [0.20] [0.35] [0.91] [1.08] [0.97] [1.38] [1.35] [1.36] 

Turnover -0.075** -0.076** -0.075** -0.096** -0.092** -0.098*** 0.000 -0.001 -0.001  
[-2.34] [-2.38] [-2.37] [-2.55] [-2.45] [-2.60] [-0.01] [-0.07] [-0.11] 

FcstDisp -0.236 -0.209 -0.255 -0.060 -0.008 -0.071 -0.038 -0.039 -0.041  
[-0.72] [-0.63] [-0.78] [-0.17] [-0.02] [-0.20] [-0.27] [-0.28] [-0.30] 

FcstDev 0.049 0.039 0.058 0.021 -0.015 0.021 -0.130 -0.126 -0.129  
[0.27] [0.22] [0.32] [0.10] [-0.07] [0.10] [-1.45] [-1.42] [-1.43] 

CashCow -0.154 -0.129 -0.160 0.030 0.000 -0.002 0.155 0.140 0.141  
[-0.91] [-0.77] [-0.93] [0.20] [0.00] [-0.02] [0.88] [0.79] [0.80] 

Age -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** 0.000 0.000* 0.000  
[-4.24] [-4.18] [-4.35] [-4.23] [-3.86] [-4.31] [1.50] [1.69] [1.51] 

Earnings_vol 0.935 0.891 0.861 0.235 0.255 0.285 0.645 0.619 0.698  
[1.56] [1.49] [1.46] [0.23] [0.24] [0.27] [1.09] [1.04] [1.16] 

Leverage -0.190 -0.145 -0.170 -0.013 -0.003 -0.027 -0.314 -0.289 -0.328  
[-0.68] [-0.53] [-0.61] [-0.07] [-0.02] [-0.15] [-0.95] [-0.86] [-1.00] 

PayoutRatio 0.010 0.008 0.009 -0.058*** -0.059*** -0.058*** 0.001 -0.002 0.001  
[0.32] [0.27] [0.29] [-3.33] [-3.26] [-3.30] [0.03] [-0.12] [0.05] 

Constant 0.609* 0.581* 0.600* 1.522* 1.477* 1.505* -0.034 0.045 -0.019  
[1.93] [1.80] [1.90] [1.92] [1.83] [1.85] [-0.07] [0.10] [-0.04] 

Industry FE Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y 
Observations 283 283 283 283 283 283 277 277 277 
Adj R2 0.04 0.058 0.034 0.163 0.159 0.158 -0.055 -0.058 -0.054 



 
Table 3.6 Effects of Analyst Coverage 

This table presents the effects of analyst coverage. We divide our sample into low-analyst group and high-analyst group, 
based on the number of analysts for each firm. Column (1) to (3) present the relationship between innovation and dividend 
smoothing in firms with low analyst coverage, while column (4) to (6) display the results for those followed by more analysts. 
The dependent variable in this table is the proxy of dividend smoothing, which is the speed of adjustment (SoA). The 
variables of interest are innovation proxies, including patent count, patent value and citation. All regressions control for the 
industry fixed effects and country fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all 
variables can be found in Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical 
significance at the 1%, 5% and 10% levels, respectively.  

Low Analyst Coverage High Analyst Coverage  
(1) (2) (3) (4) (5) (6) 

Patent Count -0.073*** 
  

-0.024 
  

 
[-2.66] 

  
[-1.60] 

  

Patent Value 
 

-0.059*** 
  

-0.013 
 

  
[-2.74] 

  
[-1.64] 

 

Citation 
  

-0.048*** 
  

-0.017    
[-2.88] 

  
[-1.52] 

MA/BA 0.078** 0.083*** 0.082*** 0.039 0.039 0.039  
[2.50] [2.74] [2.64] [1.18] [1.20] [1.18] 

AssetTang 0.400* 0.357 0.388* -0.021 -0.012 -0.020  
[1.70] [1.58] [1.65] [-0.11] [-0.06] [-0.10] 

Turnover -0.006 -0.006 -0.008 -0.025 -0.025 -0.024  
[-0.75] [-0.75] [-0.99] [-0.86] [-0.88] [-0.85] 

FcstDisp -0.618*** -0.594*** -0.609*** 0.407 0.427 0.409  
[-2.66] [-2.65] [-2.62] [1.46] [1.53] [1.47] 

FcstDev 0.013 0.010 0.005 -0.280* -0.290* -0.282*  
[0.15] [0.12] [0.07] [-1.70] [-1.76] [-1.71] 

CashCow 0.047 0.056 0.010 0.032 0.023 0.025  
[0.30] [0.37] [0.06] [0.36] [0.27] [0.28] 

Age 0.000*** 0.000*** 0.000*** -0.000** -0.000** -0.000**  
[2.79] [3.05] [2.84] [-2.27] [-2.26] [-2.38] 

Earnings_vol -0.105 -0.181 -0.061 1.008 0.992 1.026  
[-0.28] [-0.47] [-0.16] [1.54] [1.51] [1.56] 

Leverage -0.239 -0.178 -0.250 -0.012 -0.006 -0.015  
[-1.13] [-0.82] [-1.20] [-0.08] [-0.04] [-0.10] 

PayoutRatio -0.027 -0.032 -0.026 -0.035** -0.036** -0.035**  
[-1.18] [-1.41] [-1.15] [-2.26] [-2.32] [-2.31] 

Constant 0.807** 1.001*** 0.778** 0.375 0.406 0.377  
[2.45] [2.97] [2.34] [1.54] [1.62] [1.54] 

Industry FE Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y 
Observations 431 431 431 412 412 412 
Adj R2 0.074 0.089 0.073 0.065 0.064 0.064 

 
 



 

 
Table 3.7 Endogeneity Concerns 

This table addresses the endogeneity concerns. Panel A presents the results of propensity matching score (PSM). We classify 
firms with innovation as treatment group and others as control groups. We then match each observation in treatment group 
with that in the control group. After the matching, we further conduct the regression to test the relationship between degree 
of innovation and the degree of dividend smoothing. Column (1) to (3) use speed of adjustment (SoA) as the dependent 
variable, while column (4) to (6) use alternative speed of adjustment as dependent variable (SoA_alt). Column (7) to (9) 
focus on the relative volatility (Rel_Vol). The variables of interest are the innovation proxies, including patent count, patent 
value and patent citation. Panel B shows the treatment effects model for correcting the self-selection problems in reporting 
patents. The dependent variables are three proxies of dividend smoothing. We treat innovation as an endogenous variable as 
firms may not make their discoveries public. Innovation is an indicator variable, which equals one for firms with at least one 
patent and zero otherwise. In the treatment equation, we use number of employees, industry-average patents and R&D 
intensity to determine whether firms make their innovative discoveries public. All regressions control for the industry fixed 
effects and country fixed effect. Definitions of all variables can be found in Appendix B. The symbols ***, ** and * indicate 
statistical significance at the 1%, 5% and 10% levels, respectively. 

Panel A: Propensity Matching Score (PSM)  
Speed of Adjustment Alternative Speed of Adjustment Relative Volatility  

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Patent Count -0.056*** 

  
-0.025*** 

  
-0.032 

  
 

[-5.78] 
  

[-3.77] 
  

[-1.09] 
  

Patent Value 
 

-0.035*** 
  

-0.016*** 
  

-0.022 
 

  
[-6.32] 

  
[-4.00] 

  
[-1.18] 

 

Citation 
  

-0.041*** 
  

-0.018*** 
  

-0.029    
[-6.01] 

  
[-3.98] 

  
[-1.54] 

MA/BA 0.080*** 0.078*** 0.080*** 0.071*** 0.071*** 0.071*** 0.041 0.041 0.043  
[3.54] [3.56] [3.59] [3.94] [3.94] [3.98] [0.29] [0.29] [0.31] 

AssetTang 0.293* 0.305* 0.292* 0.317*** 0.323*** 0.317*** 1.061 1.070 1.071  
[1.72] [1.78] [1.70] [3.02] [3.07] [3.01] [1.28] [1.29] [1.29] 

Turnover -0.018** -0.017** -0.019** -0.014* -0.013* -0.014* -0.001 0.001 -0.001  
[-2.12] [-2.02] [-2.16] [-1.68] [-1.68] [-1.69] [-0.01] [0.01] [-0.01] 

FcstDisp -0.230* -0.247** -0.237** -0.187** -0.196** -0.191** 0.017 0.005 0.006  
[-1.96] [-2.08] [-2.02] [-1.99] [-2.07] [-2.03] [0.03] [0.01] [0.01] 

FcstDev -0.017 -0.014 -0.015 0.041 0.043 0.042 0.624*** 0.625*** 0.624***  
[-0.27] [-0.22] [-0.24] [0.86] [0.91] [0.90] [3.09] [3.12] [3.10] 

CashCow -0.041 -0.04 -0.056 0.000 0.003 -0.006 -0.361* -0.351* -0.353*  
[-0.59] [-0.58] [-0.81] [-0.00] [0.05] [-0.11] [-1.85] [-1.80] [-1.86] 

Age 0.002 0.002 0.002 0.000 0.000 0.000 0.007 0.007 0.007  
[1.34] [1.37] [1.32] [0.20] [0.28] [0.22] [0.99] [1.02] [1.06] 

Earnings_vol 0.663* 0.660* 0.704** 0.145 0.143 0.164 4.136** 4.127** 4.157**  
[1.93] [1.92] [2.05] [0.47] [0.46] [0.53] [2.01] [2.00] [2.03] 

Leverage -0.307** -0.283* -0.322** -0.165 -0.153 -0.172 -1.084* -1.065* -1.085*  
[-2.07] [-1.92] [-2.19] [-1.56] [-1.45] [-1.64] [-1.68] [-1.67] [-1.69] 

PayoutRatio -0.012 -0.015 -0.011 0.006 0.004 0.006 0.147 0.145 0.148  
[-0.44] [-0.55] [-0.40] [0.35] [0.27] [0.38] [1.33] [1.30] [1.34] 

Constant 0.797*** 0.904*** 0.789*** 0.532*** 0.581*** 0.528*** 1.240 1.306 1.231  
[4.00] [4.47] [3.94] [4.06] [4.49] [4.03] [1.50] [1.59] [1.49] 

Industry FE Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y 
Observations 852 852 852 852 852 852 850 850 850 
Adj R2 0.337 0.339 0.337 0.196 0.199 0.197 0.110 0.110 0.110 

 
 



Panel B: Treatment Effect Model  
(1) (2) (3)  

Speed of Adjustment Alternative Speed of Adjustment Relative Volatility 
Innovation -0.963*** -0.573*** -1.861**  

[-5.40] [-5.08] [-2.14] 
MA/BA 0.067*** 0.079*** 0.210*  

[2.94] [5.43] [1.69] 
AssetTang 0.178 0.185** 1.371*  

[1.28] [2.09] [1.81] 
Turnover -0.012 -0.010 -0.033  

[-1.07] [-1.40] [-0.52] 
FcstDisp -0.163 -0.048 -0.179  

[-1.23] [-0.57] [-0.25] 
FcstDev 0.009 0.008 0.156  

[0.13] [0.19] [0.40] 
CashCow 0.004 -0.023 -0.399  

[0.04] [-0.39] [-0.84] 
Age -0.000 0.000 0.000  

[-1.08] [0.87] [0.49] 
Earnings_vol 0.155 -0.105 -0.998  

[0.34] [-0.37] [-0.40] 
Leverage -0.164 -0.180** -1.684***  

[-1.45] [-2.48] [-2.67] 
PayoutRatio -0.027 -0.009 0.067  

[-1.61] [-0.82] [0.74] 
Constant 0.980** 0.559** 1.344  

[2.33] [2.09] [0.57] 
Innovation 

   

Employee 0.196*** 0.196*** 0.197***  
(6.75) (6.75) (6.76) 

Patent_Industry 0.411*** 0.411*** 0.412***  
(10.59) (10.59) (10.59) 

R&D Intensity 12.553*** 12.553*** 12.379***  
(4.52) (4.52) (4.48) 

Constant -1.235*** -1.235*** -1.234***  
(-11.35) (-11.35) (-11.32) 

hazard 
   

lambda 0.519*** 0.323*** 1.164**  
(4.76) (4.68) (2.15) 

Industry FE Y Y Y 
Country FE Y Y Y 
Observations 834 834 829 
Wald  233.41 272.66 169.17 
P_value 0.000  0.000  0.000  

 



 
Table 3.8 Regression Using Proxy for ex-ante Innovation 

This table tests whether the relation between innovation and dividend smoothing still holds when innovation is measured by 
ex-ante R&D intensity. The variable of interest is R&D intensity, which is the ratio of a firm’s R&D expenditure to sales. 
The dependent variables in column (1) to (3) are speed of adjustment, alternative speed of adjustment and relative volatility, 
respectively. As prior, we control for all relevant variables. All regressions control for the industry fixed effects and country 
fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all variables can be found in Appendix B. 
Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% 
levels, respectively.  

(1) (2) (3)  
Speed of Adjustment Alternative Speed of Adjustment Relative Volatility 

R&D Intensity -2.388** -1.297*** -1.136  
[-2.36] [-3.46] [-0.46] 

MA/BA 0.071*** 0.081*** 0.205  
[3.22] [4.63] [1.51] 

AssetTang 0.219* 0.186* 1.494*  
[1.72] [1.78] [1.80] 

Turnover -0.015 -0.012 -0.039  
[-1.50] [-1.46] [-0.67] 

FcstDisp -0.126 -0.033 -0.235  
[-1.29] [-0.54] [-0.53] 

FcstDev -0.012 0.000 0.224  
[-0.22] [-0.01] [0.91] 

CashCow -0.082 -0.070 -0.586**  
[-1.22] [-1.36] [-2.29] 

Age 0.000  0.000  0.000   
[-1.42] [0.30] [0.79] 

Earnings_vol 0.383 0.191 0.018  
[1.27] [0.83] [0.01] 

Leverage -0.253* -0.226** -1.689**  
[-1.87] [-2.34] [-2.14] 

PayoutRatio -0.018 -0.003 0.090  
[-1.17] [-0.25] [1.15] 

Constant 0.621*** 0.355** 0.753  
[3.00] [2.29] [0.69] 

Industry FE Y Y Y 
Country FE Y Y Y 
Observations 843 843 838 
Adj R2 0.075 0.121 0.035 



 

Table 3.9 Normalized Innovation by Industry 
This table normalizes the innovation, including the number of patents, patent value and patent citation by the industry average, to check whether the prior results are driven by 
the different innovative opportunities and conditions across industries. The dependent variables are three proxies of dividend smoothing, including the speed of adjustment, 
alternative speed of adjustment and relative volatility. The independent variables in our interest are the measures of innovation, including the patent count, patent value and 
patent citation. As prior, we control for all relevant variables. All regressions control for the industry fixed effects and country fixed effects and use the heteroscedasticity-
robust standard errors. Definitions of all variables can be found in Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical significance 
at the 1%, 5% and 10% levels, respectively.  

Speed of Adjustment Alternative Speed of Adjustment Relative Volatility  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Patent Count -0.052*** 
  

-0.025*** 
  

-0.054 
  

 
[-4.10] 

  
[-2.88] 

  
[-0.64] 

  

Patent Value 
 

-0.055*** 
  

-0.028*** 
  

-0.068 
 

  
[-4.13] 

  
[-2.97] 

  
[-0.76] 

 

Citation 
  

-0.055*** 
  

-0.030*** 
  

-0.087    
[-4.52] 

  
[-3.60] 

  
[-0.98] 

MA/BA 0.059*** 0.060*** 0.060*** 0.075*** 0.076*** 0.077*** 0.208 0.210 0.216  
[2.70] [2.77] [2.79] [4.37] [4.42] [4.54] [1.53] [1.53] [1.58] 

AssetTang 0.209 0.213 0.236* 0.168 0.169 0.202** 1.202 1.199 1.272  
[1.57] [1.60] [1.80] [1.58] [1.60] [1.99] [1.45] [1.45] [1.49] 

Turnover -0.018 -0.017 -0.019 -0.013 -0.013 -0.014 -0.043 -0.043 -0.045  
[-1.57] [-1.56] [-1.61] [-1.48] [-1.47] [-1.54] [-0.73] [-0.72] [-0.75] 

FcstDisp -0.194 -0.169 -0.181 -0.078 -0.066 -0.074 -0.282 -0.259 -0.295  
[-1.55] [-1.42] [-1.48] [-1.09] [-0.97] [-1.04] [-0.60] [-0.56] [-0.63] 

FcstDev 0.012 -0.002 0.004 0.030 0.023 0.027 0.271 0.258 0.276  
[0.19] [-0.03] [0.06] [0.76] [0.63] [0.69] [1.05] [1.02] [1.09] 

CashCow -0.036 -0.045 -0.044 -0.052 -0.055 -0.051 -0.536** -0.532** -0.506**  
[-0.52] [-0.67] [-0.65] [-0.96] [-1.03] [-0.96] [-2.03] [-2.05] [-1.98] 

Age 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
[-0.71] [-0.55] [-0.68] [0.74] [0.77] [0.77] [0.80] [0.83] [0.84] 

Earnings_vol 0.442 0.415 0.463 0.200 0.183 0.196 -0.020 -0.080 -0.101  
[1.49] [1.41] [1.56] [0.83] [0.76] [0.84] [-0.01] [-0.04] [-0.05] 

Leverage -0.153 -0.152 -0.199 -0.169* -0.167* -0.204** -1.576** -1.565** -1.674**  
[-1.09] [-1.10] [-1.45] [-1.78] [-1.78] [-2.15] [-2.07] [-2.06] [-2.11] 

PayoutRatio -0.026* -0.027** -0.026* -0.014 -0.014 -0.013 0.014 0.013 0.016  
[-1.90] [-2.00] [-1.84] [-1.37] [-1.44] [-1.31] [0.31] [0.27] [0.34] 

Constant 0.734*** 0.733*** 0.709*** 0.432*** 0.434*** 0.411*** 1.068 1.087 1.067  
[3.51] [3.48] [3.39] [2.83] [2.80] [2.72] [0.96] [0.97] [0.95] 

Industry FE Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y 
Observations 823 823 813 823 823 813 818 818 808 
Adj R2 0.077 0.078 0.083 0.117 0.118 0.130 0.030 0.030 0.033 



 

 
Table 3.10 Synchronous Innovation and Dividend Smoothing 

This table shows the relation between innovation and dividend smoothing, while innovation is measured during the same 
period of dividend smoothing. The dependent variables are the proxies of dividend smoothing, including speed of adjustment, 
alternative speed of adjustment and relative volatility. The independent variable in our interest is the innovation proxy, 
measured by the number of patents. We control for all relative variables. All regressions consider the industry fixed effects 
and country fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all variables can be found in 
Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical significance at the 1%, 5% 
and 10% levels, respectively.  

(1) (2) (3)  
Speed of Adjustment Alternative Speed of Adjustment Relative Volatility 

Patent Count -0.045*** -0.025*** -0.048  
[-4.23] [-3.31] [-1.11] 

MA/BA 0.068*** 0.075*** 0.268  
[2.63] [4.10] [1.61] 

AssetTang 0.187 0.216* 1.770*  
[1.17] [1.94] [1.74] 

Turnover -0.037** -0.033** 0.019  
[-2.05] [-2.36] [0.11] 

FcstDisp -0.060 -0.021 -0.011  
[-0.52] [-0.31] [-0.03] 

FcstDev -0.050 -0.001 0.066  
[-0.84] [-0.03] [0.31] 

CashCow 0.024 -0.014 -0.452  
[0.32] [-0.23] [-1.57] 

Age 0.000  0.000  0.000   
[-0.92] [-0.92] [-0.05] 

Earnings_vol 0.398 0.227 -1.585  
[1.15] [0.86] [-0.62] 

Leverage -0.112 -0.151 -1.929**  
[-0.81] [-1.64] [-2.17] 

PayoutRatio -0.032 0.003 0.001  
[-1.02] [0.15] [0.01] 

Constant 0.782*** 0.496*** 1.903**  
[3.65] [3.41] [2.30] 

Industry FE Y Y Y 
Country FE Y Y Y 
Observations 706 706 704 
Adj R2 0.083 0.146 0.080 

 



 

 
Table 3.11 Innovative Samples Only 

This table presents the relation between innovation and dividend smoothing, using innovative observations only. We define innovative firms as those with at least one successful 
patent. The dependent variables are dividend smoothing proxies, including speed of adjustment, alternative speed of adjustment and relative volatility. The independent variables 
are the innovation proxies, measured by the number of patents, patent value and citation, respectively. We control for all relative variables shown to be systematically related 
to dividend smoothing. All regressions control for the industry fixed effects and country fixed effects and use the heteroscedasticity-robust standard errors. Definitions of all 
variables can be found in Appendix B. Robust t-statistics appear in brackets. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, 
respectively.  

Speed of Adjustment Alternative Speed of Adjustment Relative Volatility  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Patent Count -0.041*** 
  

-0.022** 
  

-0.022 
  

 
[-2.72] 

  
[-2.39] 

  
[-0.43] 

  

Patent Value 
 

-0.031*** 
  

-0.018*** 
  

-0.044 
 

  
[-3.05] 

  
[-2.73] 

  
[-1.14] 

 

Citation 
  

-0.032*** 
  

-0.019*** 
  

-0.012    
[-2.74] 

  
[-2.61] 

  
[-0.33] 

MA/BA 0.040 0.043 0.042 0.073*** 0.075*** 0.075*** 0.406* 0.412* 0.406*  
[1.24] [1.33] [1.30] [2.76] [2.81] [2.82] [1.76] [1.75] [1.76] 

AssetTang 0.357 0.358 0.358 0.218 0.217 0.216 1.554 1.510 1.562  
[1.31] [1.32] [1.31] [1.33] [1.35] [1.33] [1.19] [1.18] [1.19] 

Turnover -0.023 -0.021 -0.026 -0.012 -0.011 -0.014 0.145 0.155 0.142  
[-1.04] [-1.02] [-1.18] [-0.77] [-0.69] [-0.85] [0.62] [0.67] [0.61] 

FcstDisp -0.241 -0.155 -0.244 -0.168 -0.121 -0.173 2.422 2.501 2.428  
[-0.85] [-0.56] [-0.86] [-0.71] [-0.51] [-0.73] [0.97] [1.01] [0.97] 

FcstDev 0.019 -0.017 0.008 0.062 0.042 0.056 0.208 0.152 0.205  
[0.14] [-0.12] [0.06] [0.62] [0.42] [0.56] [0.33] [0.25] [0.33] 

CashCow 0.053 0.054 0.040 0.014 0.017 0.011 -0.350 -0.256 -0.370*  
[0.64] [0.67] [0.49] [0.23] [0.29] [0.18] [-1.51] [-1.17] [-1.68] 

Age 0.000  0.000  0.000  0.000  0.000  0.000  0.001** 0.001** 0.001**  
[0.65] [0.80] [0.50] [1.32] [1.37] [1.24] [2.28] [2.36] [2.24] 

Earnings_vol 0.276 0.178 0.296 0.170 0.107 0.170 1.203 0.820 1.252  
[0.63] [0.41] [0.68] [0.47] [0.29] [0.48] [0.49] [0.33] [0.51] 

Leverage 0.064 0.088 0.043 -0.167 -0.152 -0.178 -1.058 -0.999 -1.070  
[0.30] [0.42] [0.20] [-1.29] [-1.24] [-1.38] [-1.44] [-1.42] [-1.44] 

PayoutRatio -0.050 -0.056 -0.051 -0.005 -0.008 -0.005 -0.016 -0.021 -0.017  
[-1.37] [-1.50] [-1.38] [-0.22] [-0.35] [-0.23] [-0.09] [-0.12] [-0.10] 

Constant 0.865** 0.940*** 0.875** 0.638*** 0.684*** 0.649*** -0.424 -0.226 -0.436  
[2.41] [2.67] [2.44] [2.95] [3.18] [2.99] [-0.20] [-0.11] [-0.20] 

Industry FE Y Y Y Y Y Y Y Y Y 
Country FE Y Y Y Y Y Y Y Y Y 
Observations 459 459 459 459 459 459 457 457 457 
Adj R2 0.059 0.062 0.058 0.127 0.132 0.129 -0.029 -0.026 -0.029 

 



Appendix B: Variable Definition—Chapter 3 

Variable Definition 
Dividend Smoothing 
SoA 

Speed of adjustment, which is obtained from the following equation: 

∆"#$ = & + ()"#$*) + (+,#$ + -#$ 
Where "#$ is the dividends in year . and ∆"#$ is the difference of the dividends in year . 
and year . − 1 . ,#$  represents the earnings in year . . Both earnings and dividends are 

adjusted for the common share outstanding and the stock splits. Speed of Adjustment (SoA) 

can be estimated as −()1. 
SoA_alt 

Alternative speed of adjustment, which is estimated from the following regressions: 

∆"#$ = & + ( ∗ 456#$ + -#$ 
Where  

456#$ = 789# ∗ ,#$ − "#$*) 

Total payout ratio (789# ) is the firm median payout ratio over the sample period and the 

alternative measure of dividend smoothing (SoA_alt) is the (: from the above equation.  

Rel_Vol 
Relative volatility, which is measured as the ratio of root mean squared errors from the 

following two equations: 

;4<"8=#$ = &) + () ∗ . + (+ ∗ .+ + -#$ 
789# ∗ ;4<,8=#$ = &+ + >) ∗ . + >+ ∗ .+ + ?#$ 

Innovation Proxies 
Patent Count The number of patents applied in the ten-year window (1995-2004) prior the dividend 

smoothing sample period, after natural logarithm, obtained from Kogan et al (2017) and 

Stoffman, Woeppel and Yavuz (2022). 

Patent Value The sum value of each patent for each firm, after natural logarithm, obtained from Kogan et al 

(2017) and Stoffman, Woeppel and Yavuz (2022). 

Citation The natural logarithm of total counts of later patents that cite the patented invention for each 

firm, obtained from Kogan et al (2017). 

Other Variables 
Size Natural logarithm of book assets.  

Age The difference between the founding year and the beginning of sample period. 

AssetTang Net property, plant and equipment scaled by total assets. 

MA/BA The market value of equity plus the book value of assets minus the book value of equity, all 

divided by the book value of total assets. 

Earnings_vol The standard deviation of the ratio of EBITDA to assets over the sample period. 

Return_vol The annual standard deviation of monthly stock returns. 

Turnover The annual average of the ratio of monthly traded volume of shares to total shares outstanding. 

FcstDev The absolute difference between the median analyst forecast and the actual EPS, average over 

months of the fiscal year. 

FcstDisp The standard deviation of analyst forecasts of the current EPS, average over the months of the 

fiscal year. 

CashCow An indicator variable, which equals one for firms with positive profits, A or better debt rating 

and lower than median P/E ratio. 

PayoutRatio Common dividends divided by net income. 

Leverage The sum of short-term and long-term debt divided by book assets. 

KZ Index The proxy of financial constraints, according to following equation:	
AB#$ = −1.002	EF#$/;#$*) − 39.368"LM#$/;#$*) − 1.315E#$/;#$*) + 3.139OP,M#$

+ 0.283Q#$			 
where EF#$/;#$*)  is the cash flow over lagged assets; "LM#$/;#$*)  is the cash dividends 

divided by lagged assets; E#$/;#$*) is the cash balance over lagged assets; OP,M#$ reflects 

the leverage, calculated as total debt divided by the sum of total debt and equity; Q#$	is 

calculated as the market value of equity plus assets minus book value of equity, all divided by 

total assets. We winsorize the components of KZ index at 1% and 99% before constructing KZ 

index. 

Cash Holdings The ratio of cash and marketable security to total sales, after logarithm. 



 

Analyst Coverage The number of analysts for each firm. 

Employee The number of employees, after the logarithm transformation, representing the intellect for each 

firm. 

R&D Intensity The ratio of a firm’s R&D expenditure to sales. 

 



  

Chapter 4 

Innovation and Corporate Payout Preference 

4.1 Introduction 

Payout policy, a central topic in corporate finance, is important as firms distribute considerate amount 

of cash to shareholders (Hoberg, Phillips, and Prabhala, 2014; Wang, Yin, and Yu, 2021). Many studies 

have conducted how firms determine their payout policy (e.g., Barclay and Smith, 1988; Fenn and Liang, 

2001; Bonaimé, Hankins, and Harford, 2014; Floyd, Li, and Skinner, 2015; Arena and Julio, 2021). 

However, none have investigated whether corporate innovation is associated with firms’ decision to 

distribute cash in the form of dividends or share repurchases.  

 Motivated by some similar factors, repurchases and dividends are cash payout methods and serve 

the functions to convey information and mitigate conflicts between managers and shareholders (Grullon 

and Michaely, 2004; Caton et al., 2016). Firms need to decide the form of payout between dividends 

and repurchases after deciding the optimal level of cash distribution (Eisdorfer, Giaccotto, and White, 

2015). Brav et al. (2005) provide some determinants regarding the payout choice, including tax, 

clienteles, agency conflicts, information signaling and private or public status. However, one manifested 

disparity between repurchases and dividends is the managers’ attitudes towards the permanence of the 

cash-flow shocks. If managers feel uncertain about the persistence of the cash flows, they may choose 

share buyback as their payout methods because repurchases could be more flexible, while dividends are 

expected to be sticky or increase steadily (Andres et al., 2015; Eisdorfer, Giaccotto, and White, 2015; 

Floyd, Li, and Skinner, 2015; Caton et al., 2016). 

The flexibility of share buyback is especially conspicuous in the open-market share repurchases, 

which do not require firms to announce in advance, namely, companies can begin, suspend, resume and 

terminate the repurchases anytime. In addition, companies announcing open-market share repurchases 

are under no obligation to finish this program (Fried, 2000; Caton et al., 2016). Therefore, although 

share repurchases can convey some prospects of firms, this information is less favorable compared to 

that signaled by dividends due to dearth of commitment and credibility (Guay and Harford, 2000; Chan 

et al., 2010; Floyd, Li, and Skinner, 2015.). Despite low pre-commitment benefits, firms have gradually 

substituted repurchases for dividends, while repurchases represent an increasingly significant portion 



 

of total distribution in recent years. In the meantime, young firms have also expressed their preference 

of the share repurchases (Grullon and Michaely, 2002; Floyd, Li, and Skinner, 2015; Andres et al., 2015; 

Busch and Obernberger, 2016; Caton et al., 2016; Adhikari and Agrawal, 2018). With this backdrop, 

we focus on the payout choice via dividends or share repurchases in our study, proposing one main 

hypothesis that innovative firms tend to rely more on share repurchases.  

Innovation, highly correlated with uncertainty and risk (Jalonen, 2011), is associated with less 

predictable outcome, due to the greater competition, changing technology and required novelty (Bowers 

and Khorakian, 2014). Besides, the heavy use of intangible assets is one character of innovation 

(Moshirian et al., 2020), and Barth and Kasznik (1999) propose that due to the information asymmetry, 

firms with more intangible assets are more likely to repurchase their stocks. However, the detailed 

relationship between innovation and payout preference remains unexplored, and therefore, in this study, 

we ask and address whether more innovative firms, measured by patents, prefer share repurchases over 

dividends. 

We conduct the relationship between innovation and payout preference in the period between 2000 

and 2017, documenting that innovative firms, with at least one successful patent, tend to have higher 

propensity of repurchasing shares. However, we do not observe the significant relationship between 

innovation and the likelihood to pay dividends. Comparing total repurchases with initiating buyback, 

we find that the preference is only pronounced for the ongoing repurchases. Besides, limiting firms with 

dividends only or repurchases only produces very similar results, supporting the innovative firms’ 

preference to use share repurchases, instead of dividends, as their payout form. In addition, we verify 

the positive correlation using the dollar value of payout, demonstrating that repurchase expenditures 

tend to be higher in firms with more patents. We realize the connection between innovation and 

decisions to repurchase shares is not necessarily random, in the robustness test, we use the lagged 

independent variables and instrumental variables to mitigate endogeneity concerns, documenting the 

positive relationship between patents and preference to share repurchases remains unchanged after 

mitigating the endogeneity concerns.  

Financial constraints, indicating the limited access to available funding and monetary equivalent 

capital, are crucial to innovation projects (Hoegl, Gibbert, and Mazursky, 2008; Howell, 2016). In 

addition, post-buyback distress risk is higher in constrained firms (Chen and Wang, 2012), thus, we 

further explore whether financial constraints can change the above relationship between innovation and 

corporate payout preference. We document that innovative firms without financial constraints have 

more propensity to repurchase their shares. Similarly, those unconstrained show more preference to 

share repurchases over dividends when they need to choose one as their payout methods. Including 

other relevant determinants, we also provide evidence that the preference to share repurchases is more 



 

pronounced in firms with higher non-operating income and high volatility. This confirms that 

uncertainty and volatility in innovation are main determinants when innovative firms choose share 

repurchases, and is broadly consistent with Jagannathan, Stephens, and Weisbach (2000), who argue 

that firms use temporary non-operating cash flows to repurchase shares and distribute permanent 

operating cash flows as dividends. Furthermore, the predictable pattern of dividends is also of interest 

(Brown, Liang, and Weisbenner, 2007), so we extend our analysis from dividends to dividend increases, 

finding the preference to share repurchases remains significant.  

In the robustness test, we distinguish the internally created innovation and externally purchased 

technology, as relying solely on the internal R&D is insufficient and firms tend use internal and external 

sources in parallel when developing innovation (Cassiman and Veugelers, 2006; Ransbotham and Mitra, 

2010; Hagedoorn and Wang, 2012; Berchicci, 2013). Following Xue (2007), we measure the internal 

technology creation using R&D spending and employ the dollar amount spent on the purchase of 

technology in a certain year as a proxy of purchased technology. Our results show that the internal 

innovation, instead of acquiring technology externally, can mainly explain why firms prefer share 

repurchases over dividends. Finally, we employ two alternative proxies of innovation, one is the 

estimated value of patents and another is the trademark. The evidence from patent value is consistent 

with the number of patents, however, results of trademarks are not in line with patents. We introduce 

trademarks as an alternative proxy of innovation as trademarks are related to patents, but they reflect 

different aspects. Generally, firms use patents to protect inventions and technologies, and use 

trademarks to protect marketing assets, brand names and logos (Zhou et al., 2016; Hsu et al., 2022). 

Producers are likely to transfer the value of patents to the value of trademarks during the patent period, 

so that they can enjoy the continuous benefits after the expiration of patents. Thus, patents and 

trademarks may complement each other (Statman, and Tyebjee, 1981; Zhou et al., 2016). In addition, 

in some industries where patents cannot provide the reliable information, trademarks serve as a more 

credible indicator (Mendonça, Pereira, and Godinho, 2004). Thus, it is worth to consider trademarks in 

this study. We obtain the trademark data from Heath and Mace (2020) and match the trademark data to 

COMPUSTAT. Following Chemmanur et al., (2018), we use the natural logarithm to capture the value 

of trademarks and add one to avoid losing observations. Comparing the trademarks with the prior 

findings related to patent, we find that although trademarks are still positively associated with the 

propensity of repurchasing shares, firms with trademarks do not show significant preference to 

repurchases over dividends. We explain this by the difference of patents and trademarks, where patents 

relate to technology aspects and trademarks are associated with marketing aspects, such as the 

commercialization and brand protection (De Vries et.al., 2017). The technical issues have already been 

resolved during the trademark stage, and the uncertainty associated with trademarks is much lower than 



 

that of patents. (Block et al., 2014; Chemmanur et al., 2018; Thoma, 2019; Hsu et al., 2022). Thus, the 

flexibility of share repurchases is more desired in the technological development stage.  

Overall, we contribute to the literature in several strands. Prior studies have revealed the differences 

between share repurchases and dividends, including the reduction of systematic risk, the commitment 

to the future payout, the permanence of cash-flow shocks, and the funding source of these two payout 

methods (Ofer and Thakor, 1987; Choi and Chen, 1997; Guay and Harford, 2000; Jagannathan, 

Stephens, and Weisbach, 2000). However, existing empirical studies fail to provide evidence on the 

relationship between innovation and payout preference. In this chapter, we try to explore the direct 

relationship between innovation and payout form, finding that firms with better innovation performance 

are more likely to choose share repurchases, instead of dividends as their payout methods. To the best 

of our knowledge, ours is the first study that tests the association between innovation and payout choice 

in the form of stock repurchases or dividends, which is our central contribution.  

Consistent with the financial flexibility hypothesis (Jagannathan, Stephens, and Weisbach, 2000), 

our study documents that firms with more innovation, measured by increasing number of patents and 

patents with higher value, show preference to stock repurchases over dividends. This is because the 

volatility, the risk and the long horizon inherent in the innovation process make managers feel skeptical 

about when they can make profits and whether cash flows are permanent, and thus, managers do not 

have sufficient confidence to sustain their payout level. Thus, the flexibility and lack of commitment 

make share repurchases the favorable choice for innovative firms.  

Furthermore, distinguishing the internal R&D and external technology is another contribution. 

High level of uncertainty, as well as idiosyncratic risk in the internal R&D (Xue, 2007), gives firms 

more motivation to choose share repurchases as their payout form. This not only supports our hypothesis 

where high uncertainty and risk drive more preference to share repurchases, but also provides some 

practical implications for policy maker in the innovative firms. Despite the dominant share repurchases 

in recent years (Busch and Obernberger, 2016), with the higher reliance on external source in developing 

innovation, firms can adjust their payout away from share repurchases and towards dividends. 

The rest of this study proceeds as follows. We summarize relevant literature and propose our 

hypotheses in Section 4.2. Section 4.3 describes the data source and variable measurement. Section 4.4 

presents the empirical results. We also provide some further evidence as robustness tests in Section 4.5. 

We discuss the empirical results of this study, as well as some possible direction for future studies in 

Section 4.6. Finally, section 4.7 concludes this study. 

4.2 Related Literature and Hypothesis Development 

Innovation, one of the most important strategies in modern firms, can contribute to the long-term growth 

(Guo, Pérez-Castrillo, and Toldrà-Simats, 2019; Dicks and Fulghieri, 2021). Though disputable, 



 

uncertainty, risk, information asymmetry and agency problems are inherent in innovative activities. 

Dicks and Fulghieri (2021) summarize two stages of innovation process: firms need to decide whether 

to invest personal resources in the first stage and then require additional monetary investment by selling 

shares to uncertainty-averse investors in the second stage. The unclear distribution of success 

probability makes the second stage particularly uncertain. Griffin, Hong, and Ryou (2018) propose that 

the tradeable value of innovation investment may be less than those tangible assets in the event of 

bankruptcy, and the difficulties in evaluating the economic implications further increase the uncertainty 

in the innovation process, as well as the patent outcomes (Hirshleifer, Hsu, and Li, 2013). The risk and 

uncertainty of innovation, as well as the novelty requirement, make innovation a long-term, risky 

investment, with considerable exploration of unknown approach (Moshirian et al.,2021). At the same 

time, only a fraction of R&D investment can result in new process or products. Therefore, the dedication 

of innovative inputs cannot guarantee better outcomes (Bowers and Khorakian, 2014; Zhang, 2015).  

Although innovation is a strong positive predictor of future returns (Hirshleifer, Hsu, and Li, 2013), 

lack of information in productivity, no organized markets, and special accounting measurement increase 

the difficulties to obtain information from innovative activities (Besides, Aboody and Lev, 2000). 

Having said that, managers, who possess more information than individuals outside the firms, still want 

to unambiguously signal the information and to indicate the positive prospects related to innovation, 

while corporate payout can be the appropriate signal for contemporaneous income and the operating 

risk (Lie, 2005). The information signaling hypothesis of share repurchases proposes that repurchases 

convey a signal that current stock price is undervalued, and future prospects are improving, and thus, 

firms are willing to pay a premium to purchase its own stock. This investor-manager disagreement gives 

managers incentives to bet on these prospects, to convey information to public, to improve the alignment 

between management and shareholders and to make price more efficient and accurate (Asquith and 

Mullins, 1986; Nohel, and Tarhan, 1998; Grullon, and Michaely, 2004; Liang, 2012; Huang and Thakor, 

2013; Busch and Obernberger, 2016). The information content hypothesis of dividends asserts that 

investors can conjecture managers’ view about firms’ future prospects by observing the change in 

dividends (Miller and Modigliani, 1961), while paying and increasing dividends indicate better future 

performance. Overall, managers in innovative firms have a strong belief regarding their futures, which 

however, are not observable by outsiders. In addition, the uncertainty and the unclear success 

probability may increase the concerns of investors. Thus, innovative firms have a strong desire to 

alleviate the concerns of investors and to signal the improvement of prospects and their efforts in 

innovation, and the increasing payout is an appropriate method. Therefore, we formulate our first 

hypothesis: 

H1: Innovation is positively associated with payout, either in the form of dividends or share repurchases. 



 

According to dividend substitution hypothesis, tax advantage, flexibility, and no future 

commitment make share repurchases more attractive than dividends. (Asquith and Mullins, 1986; 

Wansley, Lane, and Sarkar, 1989; Kahle, 2002). Firms prefer share repurchases instead of dividends if 

managers believe that the excess cash is transitory and cash flows are temporary with higher volatility, 

as repurchases are episodic signals (Asquith and Mullins, 1986; Jagannathan, Stephens, and Weisbach, 

2000; Kahle, 2002). Uncertainty and risk inherent in the innovation process make managers feel 

skeptical about future outcomes, although they have already had more superior information than public. 

Innovative firms want to signal their prospects by increasing payout, however, they may not have the 

ability to sustain the dividends. Contrary to the dividends, share repurchases are more flexible and 

companies can begin, suspend, resume and terminate the repurchases anytime. In addition, companies 

announcing open-market share repurchases are under no obligation to finish this program (Fried, 2000; 

Caton et al., 2016). Thus, given the uncertainty of innovation and flexibility of share repurchases, we 

formulate the following hypothesis: 

H2: Innovative firms tend to prefer share repurchases over dividends. 

Financial resources, including the available funding and the monetary equivalent capital, are critical 

to innovative projects, as the significant initial requirement of capital makes the innovation sensitive to 

financial constraints, namely, a measurable decrease in financial resources (Hoegl, Gibbert, and 

Mazursky, 2008; Howell, 2016). Additionally, firms with intangibility are more likely to be financially 

constrained, as unlike asset tangibility, intangible assets cannot reduce the information asymmetry due 

to unobservable payoff (Almeida and Campello, 2007). Besides, risk in innovative firms increases with 

the financial constraints as limited access to capital market can hinder firms from commercializing their 

research activities, make firms face unanticipated costs, discontinue their R&D projects and prevent 

firms from adopting better technology (Li, 2011; Gorodnichenko and Schnitzer, 2013; Howell, 2016). 

Except for innovation, financial constraints are also a restriction on payout, as the decline in corporate 

liquidity brought by the reduced cash balance are more harmful in financially constrained firms, leading 

to the poor after-buyback performance and higher distress risk (Chen and Wang, 2012). Thus, only 

firms without financial constraints have tendency to distribute cash, and we propose the following 

hypothesis: 

H3: The preference to share repurchases is more pronounced in financially unconstrained firms. 

Recently, relying solely on internal R&D is insufficient due to growing costs, shorter product life 

cycle and complex technology, thus, firms have increasingly use internal and external sources in parallel 

when developing innovations (Cassiman and Veugelers, 2006; Ransbotham and Mitra, 2010; 

Hagedoorn and Wang, 2012; Berchicci, 2013; Berchicci, 2013). Internal R&D and acquisitions are two 

ways to obtain new technology and they are labeled as “make” and “buy” strategies, respectively 



 

(Cassiman and Veugelers, 2006). Firms can achieve their external innovation using several methods, 

such as purchasing or licensing new technology, acquiring companies and investing in innovative start-

up firms (Ernst, Witt, and Brachtendorf, 2005). Internal innovation takes much time and money in the 

development part of innovation, and thus, tends to have higher risk and uncertainty than externally 

purchased technology (Mansfield, 1988; Xue, 2007), while the substantial inputs and the uncertainty 

give firms and managers more motivation to choose a flexible payout format, making share repurchases 

more desirable. Therefore, in our study, we follow Xue (2007) to distinguish ‘make’ and ‘buy’ strategies 

of innovation and propose following hypothesis: 

H4: The positive relation between innovation and share repurchases is mainly driven by the internally 

created innovation, instead of the externally purchased technology.  

4.3 Data 

In this study, we consider the availability of patent data as the crucial sampling filter. Patents are the 

well-established source representing innovation activities (Akçomak and Ter Weel, 2009), so we start 

from the patent data developed by Kogan et al (2017) and Stoffman, Woeppel, and Yavuz (2022). In 

our empirical analysis, we only keep firms with at least one successful patent outcome in the period 

between 2000 and 2017 and track the application date as the main date of innovation. We calculate the 

innovation outcome for each firm-year observation as the total sum of patents applied and finally 

granted in a given year. According to Hagedoorn and Wang (2012), the annual patent count is the most 

appropriate indicator when analyzing innovation performance. We match the patent with 

COMPUSTAT using the PERMCO. In the robustness test, we use two alternative proxies of innovation. 

One is the estimated value of patents from Kogan et al (2017) and Stoffman, Woeppel, and Yavuz 

(2022), while another is the number of trademarks provided by Heath and Mace (2020). Following 

Almeida, Fos, and Kronlund (2016), we exclude regulated financial firms (SIC 6000-6999) and utility 

firms (SIC 4800-4829, 4910-4949), as well as firms with missing values in any variable (Brockman, 

Howe, and Mortal, 2008). In the meantime, consistent with Hong, Wang, and Yu (2008), we only keep 

common stocks (CRSP SHRCD=10/11) in the three main US stock exchanges (exchange code=1,2,3). 

Finally, we exclude firms whose book value of equity is below $250,000 or those with book assets 

below $500,000 (Jiang et al., 2013). 

We choose the indicator variables to measure the propensity of repurchases and dividends. We also 

use the total expenditures on open-market share repurchases and dividends of common shares in 

COMPUSTAT as our main interest variables. According to Banyi, Dyl, and Kahle (2008), repurchase 

data from COMPUSTAT is the best estimate. However, the total expenditures also include repurchases 

of other securities and the stock conversion (Kahle, 2002). Following Fenn and Liang (2001), Kahle 

(2002) and Brockman, Howe, and Mortal (2008), we consider any decrease in the par value of preferred 



 

stock, so that it can reflect the repurchases of common stock only. Consistent with Brockman, Howe, 

and Mortal (2008), we scale spending on repurchases and dividends by total assets. To get a convictive 

relationship between innovation and payout, we control for other variables related to corporate payout 

policy. Our control variables include firm size, market-to-book ratio, cash flow, return on assets (ROA), 

return on equity (ROE), non-operating income, debt, sales growth, firm age and stock price return. 

Following Babenko (2009), we use firm size, which is the natural logarithm of total assets, as the proxy 

of informational asymmetry. We use cash flows scaled by total assets as the proxy of agency problems 

(Lehn and Poulsen, 1989; Babenko, 2009). Besides, we also use the market-to-book ratio to reflect the 

investment opportunity, while higher market-to-book ratio suggests that firms have high investment 

opportunity (Adam and Goyal, 2008). Finally, following Brockman, Howe, and Mortal (2008), we use 

stock price return as a proxy of underpricing, calculated as the average monthly return in each fiscal 

year.  

Table 4.1 Panel A presents the descriptive statistics of the dependent variables (repurchases and 

dividends) and the independent variable (patents), as well as other control variables. Our sample 

includes 15624 firm-year observations, while more than half of these firms have reported repurchase 

spending. However, most firms in our sample do not pay dividends. Our independent variable, which 

is the number of patents, is highly skewed, with a much higher average value compared to median. In 

panel B, we compare patents and other control variables in four different groups to simply illustrate our 

findings. Following Renneboog and Trojanowski (2011) and De Cesari (2012), we divide our sample 

into four groups: firms without any payout, firms with repurchases only, firms with dividends only and 

firms with both dividends and repurchases. We observe that firms with both dividends and repurchases 

have most patents, while firms with repurchases only also have more patents than those with dividends 

only and companies without any payout. This provides a preliminary evidence that firms with more 

patents tend to have higher payout, especially through share repurchases. We also find that those with 

largest size and age tend to use both dividends and share repurchases, at the same time, they are 

associated with sufficient cash flows, higher ROA and ROE, but lowest sales growth. 

4.4  Empirical Results 

4.4.1 Innovation and Propensity of Payout 

In this section, we start by running a logistic regression according to the following equation, estimating 

whether innovation is associated with the propensity of different types of payout for each firm.   

																								8RSTU._"UWWS#,$ = & + (8R.5Y.#,$ + >Z#,$ + LY4U[.\S] + ^5R\$ + -#,$												(4.1) 

The dependent variables are four indicator variables, representing repurchasing shares, paying 

dividends, initiating repurchases and initiating dividends, respectively. Following Brockman, Howe, 



 

and Mortal (2008), we classify firms as repurchase-initiating firms if they did not repurchase their shares 

in the past three years but repurchase their shares in current year, and similarly, we also define firms as 

dividend-initiating firms if they never distributed dividends in the previous three years but start to pay 

dividends in the current year. The main explanatory variable in these regressions is innovation activity, 

which is the number of patents applied and successfully granted in each year between 2000 and 2017, 

after the natural logarithm. We add some control variables, represented by Z#,$ in the above equation, 

to reflect the information asymmetry, agency problems, investment opportunity and other 

characteristics. Consistent with prior literature (Brockman, Howe, and Mortal, 2008; Jiang et al., 2013), 

we also control for the year and industry fixed effects in these regressions and cluster standard errors at 

the firm level.  

Table 4.2 Panel A examines the association between innovation and the probability of payout. 

Column (1) and (2) suggest that firms with more patents are more likely to repurchase their shares, 

while the significantly positive and economically sizeable odds ratio indicates that with one unit 

increase in patents, the probability of share repurchases will increase by 8%. However, we cannot 

observe any significant association between innovation and the propensity of paying dividends. This 

provides the partial support to our first hypothesis, while firms with more innovation are more likely to 

distribute cash. Consistent with our second hypothesis, only share repurchases, with the advantage of 

flexibility, are preferred to innovative firms, however, dividends, which are supposed to remain constant 

or increase steadily, cannot attract innovative firms. On average, large and old firms are more likely to 

increase their payout, either in the form of repurchases or dividends. Return on assets (ROA) and return 

on equity (ROE) are all positively associated with the probability of payout. Additionally, the negative 

coefficients of sales growth for both dividends and repurchases suggest that only firms with insufficient 

growth opportunities tend to distribute cash to shareholders. 

We further examine whether innovation, measured by the number of patents, is associated with the 

probability of initiating repurchases and initiating dividends, as distributions for the first time provide 

a larger element of surprise and a stronger market reaction (Caton et al., 2016). However, the 

significantly negative coefficient of patents in column (5) demonstrates that instead of increasing the 

propensity, firms with more patents are less likely to initiate share repurchases. With one more increase 

of patents, the probability of initiating repurchases will decrease by 11%. Thus, we can conclude that 

innovation is only positively related to the probability of ongoing repurchases, instead of the initiating 

repurchases. 

In panel B, we detect the relationship between innovation and share repurchases based on whether 

the firm is a dividend-payer. Similarly, we analyze whether innovation is related to the propensity of 



  

paying dividends by classifying firms into repurchasing and non-repurchasing companies. Column (1) 

and (2) suggest that the positive correlation between innovation and the probability of repurchasing 

shares is more pronounced in firms with dividends payment. Though we do not observe the significant 

impact of innovation on dividends (indicated in Panel A), in firms without repurchases, we find that 

innovation is significantly negatively correlated with the probability of paying dividends. Column (5) 

and (6) compare the logistic regression results of initiating repurchases in firms with dividends and 

without dividends, demonstrating that the negative relationship between innovation and the probability 

of initiating repurchases is more pronounced in firms with dividends. Thus, we can conclude that 

dividends and share repurchases are mutually affected by each other.  

4.4.2 Innovation and Payout Choice 

So far we document that firms with more patents are more likely to repurchase their shares, however, 

we do not find significant relationship between innovation and the probability of paying dividends. In 

this section, we wish to emphasize whether innovation is associated with the payout choice between 

dividends and repurchases, and consistent with Moser (2007), we limit the firms with either dividends 

or repurchases. We set the payout choice as an indicator variable, which equals one if firms choose 

stock repurchases and zero if they use dividends as their payout choices. As explained earlier, we control 

for industry and year fixed effects when conducting our regressions. Table 4.3 displays the logistic 

regression results. Column (1) and (2) demonstrate that firms with more patents tend to rely more on 

share repurchases as their payout methods, and this effect is significant at 5% level, as well as 

economically sizeable. Contrary to the findings in Table 4.2, we find that the coefficients of both size 

and age now turn to negative, suggesting that small and young firms are more likely to choose share 

repurchases, which is in line with Guay and Harford (2000). Similarly, the negative ROA and ROE 

demonstrate that share repurchases, compared to dividends, are more attractive for those with limited 

income. We further provide the regression results using the innovative sample only, with at least one 

patent for each firm-year observation, finding the above relationship remains unchanged, while the 

coefficient is statistically significant and economically large. Thus, we can conclude that innovative 

firms prefer share repurchases over dividends as their payout form. 

4.4.3 Innovation and Payout Expenditures 

In the prior logistic regressions, we basically predict and confirm that firms with innovation tend to 

show preference to share repurchases, instead of distributing dividends. In this section, we further 

analyze the relationship between innovation and expenditures in repurchases and dividends in detail. 

We first provide the ordinary least square (OLS) regression according to the following equation: 

										8RSTU.	,bc5Y4d.U\5#,$ = & + (8R.5Y.#,$ + >Z#,$ + LY4U[.\S] + ^5R\$ + -#,$																			(4.2) 



   

The dependent variables are the expenditures on the common share repurchases and the common 

dividends, respectively. Following Brockman, Howe, and Mortal (2008), we scale the expenditures by 

the total assets of each firm. As prior, the main explanatory variable in these regressions is innovation 

activity, which is measured by the number of patents. We control for other variables which may 

determine the payout policy, as well as industry fixed effects and year fixed effects. We also cluster 

standard errors at firm level.  

 Table 4.4 Panel A presents the OLS regression. As indicated in column (1), patent is significantly 

positively correlated with the expenditures on the common share repurchases. With a one unit increase 

in patent, expenditures on share repurchase will increase by 19.09 percent13. In column (2), we add 

dividend expenditure as an additional control variable, finding the positive relationship between 

innovation and repurchase expenditures remains unchanged. Results in column (3) and (4) suggest that 

innovation is also positively correlated with the expenditures on common dividends. With a one 

standard deviation increase in patent, expenditures on common dividends will increase by 13.79 

percent14. Thus, this table supports our hypothesis that firms with more innovation tend to increase their 

payout, and the positive correlation between innovation and share repurchases is more pronounced and 

sizeable than that of dividends. 

 However, one problem regarding our dependent variable is the censored data, as firm without 

payout will show a zero value. Therefore, following Fenn and Liang (2001), John and Knyazeva (2006) 

and Chay and Suh (2009), we also check the relationship of innovation and dollar value of payout using 

tobit regression, setting the lower limit as zero and upper limit as one. Panel B provides the tobit 

regression. The coefficient of patents on buyback, as prior, is still positive and significant at 1%. This 

remains unchanged if we add dividend expenditure as an additional control. However, we can no longer 

observe the significant relationship between innovation and dividend expenditures.  

4.5 Robustness Tests 

4.5.1 Financial Constraints 

Operating performance and distress risk around share repurchases vary in the constrained firm and those 

unconstrained, while managerial hubris can explain why constrained firms repurchase their shares if 

this activity cannot enhance the stockholders’ wealth. In other words, overestimation of future returns 

can account for the engagement in share repurchases in financially constrained firms (Chen and Wang, 

13
 We calculate the economic significance as the coefficient of patent (0.003, Table 4.4 Panel A Column 1) times the 

standard deviation of patent after logarithm (1.655, untabulated), all divided by the mean of the repurchase expenditure 

(0.026, Table 4.1), resulting 19.09%. 
14

 We calculate the economic significance as the coefficient of patent (0.001, Table 4.4 Panel A Column 3) times the 

standard deviation of patent after logarithm (1.655, untabulated), all divided by the mean of the dividends expenditure (0.012, 

Table 4.1), resulting 13.79%. 



  

2012). In addition, financial constraints also introduce risk and hamper progress in the innovative 

activities, as limited access to capital market can hinder firms from commercializing their research 

activities, make firms face unanticipated costs, discontinue their R&D projects and prevent firms from 

adopting better technology (Li, 2011; Gorodnichenko and Schnitzer, 2013; Howell, 2016). Therefore, 

in this section, we introduce the role of financial constraints and examine whether it could change the 

payout preference. To explain the financial constraints in detail, we use three proxies: KZ index, WW 

index and SA index. Following Hong, Wang, and Yu (2008), Li (2010) and Chen and Wang (2012) we 

first use the Kaplan-Zingales (KZ) index to measure the financial constraints and construct it according 

to the following linear combination: 

AB#$ = −1.002	EF#$/;#$*) − 39.368"LM#$/;#$*) − 1.315E#$/;#$*) + 3.139OP,M#$ + 0.283Q#$(4.3) 

where EF#$/;#$*) is the cash flows over lagged assets; "LM#$/;#$*) is the cash dividends divided by 

lagged assets; E#$/;#$*)  is the cash balance over lagged assets; OP,M#$  reflects the leverage, 

calculated as total debt divided by the sum of total debt and equity; Q#$	is calculated as the market value 

of equity plus assets minus book value of equity, all divided by total assets. Consistent with Chen and 

Wang (2012) and Hong, Wang, and Yu (2008), we winsorize the components of KZ index at 1% and 

99% before constructing KZ index.  

 WW index is a linear combination of cash flows, dividend dummy, leverage, size, industry sales 

growth and firm sale growth (Hadlock and Pierce, 2010; Li, 2011). We construct the WW index as the 

following linear combination: 

ee#$ = −0.091 ∗ 	EF#$ − 0.062 ∗ 	"LM8f=#$ + 0.021 ∗ 	7P7"#$ − 0.044 ∗ Pg7;#$ + 0.102 ∗ 	L=h#$
− 0.035 ∗ 	=h#$																																																																																																																								(4.4) 

Where EF#$  is the ratio of cash flows to total assets; "LM8f=#$  is an indicator variable if total 

dividend is positive; 7P7"#$  is the ratio of long-term debt to total assets; Pg7;#$  is the natural 

logarithm of total assets; L=h#$ is the average sales growth for each three-digit SIC industry in each 

year and =h#$ is the sales growth for each firms. 

 However, size and age are robust predictors of financial constraints and they are less endogenous 

than other predictors (Hadlock and Pierce, 2010), so we follow Hadlock and Pierce (2010) and Li (2011) 

to employ SA index, which is a function of linear and quadratic terms of firm size and age: 

																									=;#$ = −0.737 ∗ =dj5#$ + 0.043 ∗ =dj5#$+ − 0.040 ∗ ;k5#$																																													(4.5)  

Where =dj5#$ is the log of inflation-adjusted book assets, winsorized at 4.5 billion and ;k5#$ is the 

number of years listed in CRSP for each firm, winsorized at 37 years. 

 Evidence of financial constraints appear in Table 4.5. We report the association between innovation 

and the probability of repurchasing shares, probability of paying dividends and the choice between 



  

repurchases and dividends for constrained firms and unconstrained firms, respectively. We split the 

sample into constrained and unconstrained group by the median value, while firms with above median 

proxies are defined as financially constrained firms. Consistent with baseline regression, we also set 

payout choice as an indicator variable, which equals one for firms with repurchases only and zero for 

firms using dividends only. Panel A provides the results when using KZ index as the proxy of financial 

constraints. We find that the association between innovation and propensity of repurchasing shares is 

more significant in the unconstrained group, while only marginally significant in the constrained 

companies. Focusing on the payout choice between repurchases and dividends, our results also show 

that the preference to share repurchases over dividends is more pronounced in unconstrained firms. This 

result is comparable to Hong, Wang, and Yu (2008), whose finding shows firms with low KZ index 

tend to have higher repurchases. However, Hadlock and Pierce (2010) raise serious concerns about the 

effectiveness of using KZ index as the proxy of financial constraints, as some factors, especially cash, 

is oppositely related to what is suggested by KZ index. Thus, we focus on other proxies of financial 

constraints. 

 Panel B presents the results when using WW index as the proxy of financial constraints. We see 

that consistent with Panel A, patent is significantly positively related to the probability of repurchasing 

shares in unconstrained firms, as suggested in column (1). Besides, limiting firms with either 

repurchases or dividends, we observe that innovative firms prefer share repurchases over dividends 

provided that they are financially unconstrainted. In addition, we also find that patent is negatively 

correlated with the probability of paying dividends in financially constrained companies. Thus, this 

table further highlights the role of financial constraints in shaping the relationship between innovation 

and corporate payout preference. Evidence in this table also suggests that despite different types of 

payout, unconstrained firms tend to increase their payout, while constrained firms are more likely to cut 

their distributions. We present the effect of financial constraints, measured by SA index in Panel C. 

Consistent with Panel A and Panel B, the positive coefficient in column (1) demonstrates that innovation 

is positively related to firms’ probability of repurchasing shares provided that they are financially 

unconstrained.  

 Overall, in this section, we show that financial constraint is also a determining factor when 

explaining the relationship between innovation and the payout choice. Despite the preference to share 

repurchases in innovative firms, the presence of financial constraints discourages the use of share 

repurchases. Share repurchases can reduce the cash balance and the corporate liquidity, when coupled 

with financial constraints, this will become more harmful (Chen and Wang, 2012). Therefore, compared 

to financially constrained firms, unconstrained companies tend to have higher propensity of 

repurchasing shares. Similarly, when choosing payout methods from dividends and share repurchases, 



  

only unconstrained firms show preference to share repurchases, while constrained firms tend to cut their 

distributions, thus, we cannot observe their preference.  

4.5.2 Other Determinants of Payout Choice 

Except for financial constraints, other factors could also be crucial when firms choose their appropriate 

payout form. Numerous studies examine the difference and the correlation between repurchases and 

dividends. For instance, Choi and Chen (1997) conclude that only repurchases are associated with the 

permanent reduction of the systematic risk. Besides, Guay and Harford (2000) and Jagannathan, 

Stephens, and Weisbach (2000) propose that firms use relatively temporary and transient cash flows in 

share repurchases, while spend permanent operating cash flows when distributing dividends. To a 

certain degree, the payout choice between dividends and repurchases can reflect the manager’s 

expectation of whether the cash flows generated by innovation are continuable. In this section, we 

examine whether other factors might work when firms choose their appropriate payout approach.  

 Results of these determinants appear in Table 4.6. Panel A presents the logistic regression, and 

consistent with the baseline regression, the dependent variable is an indicator variable, which equals 

one if firms use repurchases as their payout form and zero if firms choose to pay dividends. Our interest 

variables are patent and the interaction terms. As previously, all regressions control for firm 

characteristics which might affect the payout choice, year fixed effects and industry fixed effects. We 

also cluster standard errors at firm level. For brevity, we only report the interest variables. Following 

Jagannathan, Stephens, and Weisbach (2000) and Brockman, Howe, and Mortal (2008), we use the non-

operating income as the proxy for temporary cash flows. Our results demonstrate that innovative firms 

with higher non-operating income are more likely to choose share repurchases, instead of dividends, as 

their payout methods, as indicated in column (2). This is consistent with the findings in Jagannathan, 

Stephens, and Weisbach (2000), who argue that repurchases increase more than dividends when firms 

have more temporary cash flows and with more non-operating income, because choosing repurchases 

as the distribution method will not involve commitment to future payout, preserving more financial 

flexibility. Similarly, in column (3), we focus on whether the volatility of operating income can change 

the choice between repurchases and dividends. We measure the volatility as the standard deviation of 

the operating income scaled by total assets. The positive coefficient of interaction indicates that, 

consistent with Jagannathan, Stephens, and Weisbach (2000), the standard deviation of operating 

income plays a positive role. The positive relationship between the number of patents and repurchases 

is more pronounced in firms with higher volatility and uncertainty. This result supports our predictions, 

that is innovative companies are more likely to choose share repurchases, instead of dividends, as 

managers feel uncertain and skeptical about the permanence about the cash flows generated by 

innovation. 



  

 In column (4), we examine whether debt can affect the preference of share repurchases in innovative 

companies. The negative coefficient of the interaction indicates that innovative firms with lower debt 

level are more likely to choose stock repurchases. This corroborates Guay and Harford (2000), whose 

findings report higher leverage ratio in dividend groups compared to repurchase groups. Bonaimé, 

Öztekin, and Warr (2014) also propose that capital structure is another factor affecting repurchases as 

underlevered firms are more likely to repurchase their shares and market tends to place a premium on 

those firms. We further check the interaction between free cash flows and the number of patents, finding 

that despite marginally significant, innovative firms with high free cash flows prefer using share 

repurchases to distribute their cash, which is comparable to Kahle (2002). According to free cash flow 

hypothesis, agency cost can be sizeable if firms have excess cash and relatively poor investment 

opportunity, while stock repurchases allow firms to distribute the excess cash, and therefore, reduce the 

incentive of wasteful spending and nonprofit investment (Nohel, and Tarhan, 1998; Grullon and 

Michaely, 2004). Higher earnings, which is measured by ROA, can also strengthen the positive 

correlation between innovation and the preference to share repurchases, as indicated in column (6).  

 Apart from dividends, according to Brown, Liang, and Weisbenner (2007), it is also of interest to 

focus on the dividend increase as firms with dividends are very likely to have a predictable pattern of 

increasing dividends. Thus, we compare repurchases and dividends increases, extending our prior 

logistic regression from ‘dividends’ to ‘dividend increases’. Following Babenko (2009) and consistent 

with our prior definition, we set payout choice as an indicator variable, which equals one if firms use 

repurchases as their payout methods and zero if firms increase their dividends. We see from Table 4.6 

Panel B that innovation, measured by the number of patents, still correlates with firms’ preference to 

share repurchases, instead of increasing dividends, as their payout methods. Consistent with our findings 

in Panel A, non-operating income and volatility, which come with uncertainty, can strengthen the 

positive relationship between innovation and the preference to share repurchases.  

Thus, we can summarize that firms with more patents are more likely to choose share repurchases, 

instead of paying dividends. High proportion of non-operating income and high volatility, which are 

proxies of temporary cash flows and uncertainty, can enhance the preference to share repurchases in 

innovative firms. This implies that the choice between dividends and repurchases in innovative firms is 

mainly due to volatility and uncertainty; however, difference from profitability and earnings also 

slightly matters.  

4.5.3 Endogeneity Bias 

One concern is the endogeneity bias, which may distort the relationship we find in the baseline 

regression. Following Brockman, Howe, and Mortal (2008) and Von Eije and Megginson (2008), we 

lag all independent variables once to reduce possible endogeneity and present the logistic regression in 



  

Table 4.7 Panel A. Consistent with our findings in the baseline regression, firms with more patents tend 

to have higher propensity of repurchasing shares. Limiting firms with either repurchases or dividends, 

we observe that the preference to share repurchases increases with the increasing number of patents. 

Thus, we conclude that the positive relationship between innovation and the preference to share 

repurchases, compared to dividends, remains unchanged after mitigating reverse causality using the 

lagged independent variables. 

 Another concern is that there may be some omitted variables which can distort the correlation 

between innovation and repurchases. We further correct such a bias using the instrumental variables. 

We first examine the power of instruments in explaining patents, and then further conduct the probit 

regressions. We choose two instrumental variables, which are not directly related to the firms’ payout 

decision but can indeed explain the engagement in the innovativeness. Symeonidou, Bruneel, and Autio 

(2017) propose two instrumental variables related to intellectual property. The first one is the industry 

level variable, as firms may adjust their commercialization strategies in accordance with the 

performance of other firms in the same industry. Machokoto, Gyimah, and Ntim (2021) further confirm 

that firms will increase their R&D in response to the peer pressure. Thus, our first instrument is the 

average patent in the same industry in a given year. Symeonidou, Bruneel, and Autio (2017) argue that 

“hotspot” is also a reasonable instrumental variable of innovation, which refers to the location with 

sufficient technology and science assets and captures the commercialization environment. Thus, our 

second variable is a binary variable, which equals one for firms located in the top ten innovative state. 

We obtain relevant information from Forbes. As prior, all regressions include industry fixed effects and 

year fixed effects. 

 Panel B presents the results of two stage probit regression with endogenous variables. In column 

(1) and (2), the dependent variable is an indicator variable, which equals one if firms repurchase their 

shares and zero otherwise. We report both the first stage and second stage. The significantly positive 

coefficients of industry-average patent (Patent_Industry) and high-tech state (Hightech_State) in the 

first stage, as suggested in column (1), demonstrate that they are powerful in explaining patents. 

Companies belonging to patent-intensive industries and located in the high-tech states tend to have more 

patents than other firms. In column (2), we see that after correcting the endogenous bias using the 

instrumental variables, firms with more patents are more likely to conduct share repurchases. 

Additionally, the p-value of Wald test of exogeneity suggests that we can believe patent is an 

endogenous variable. However, after correcting the endogenous bias, we observe that innovation is 

negatively correlated with the propensity of paying dividends. In column (5) and (6), we focus on the 

payout choice between repurchases and dividends, limiting firms with dividends only or repurchases 

only. As prior, the dependent variable is an indicator, which equals one if firms choose share buyback 



  

and zero if they pay dividends. We see that after correcting the endogenous bias using instrumental 

variables, firms with more patents still show more preference to share repurchases, rather than pay 

dividends. 

4.5.4 Innovation Sources 

Recently, firms have increasingly use internal and external sources in parallel when developing 

innovation, contributing to their competitive advantages (Cassiman and Veugelers, 2006; Ransbotham 

and Mitra, 2010; Hagedoorn and Wang, 2012; Berchicci, 2013; Ardito et al., 2018). Especially, with 

the growing costs, shorter product life cycle and complex technology, external acquisition of innovation 

is critical as relying solely on the internal R&D is insufficient (Berchicci, 2013). Ransbotham and Mitra 

(2010) argue that external acquisition of knowledge and internal R&D are complementary, while 

Hagedoorn and Wang (2012) propose that the relationship between internal and external R&D is 

contingent, depending on the level of in-house R&D.  

Labeled as ‘make’ and ‘buy’ strategy, respectively (Cassiman and Veugelers, 2006), internal R&D 

and external innovation have significant difference in their risk (Xue, 2007). The uncertainty and 

idiosyncratic risk are more pronounced in the “make” strategy, compared to acquiring ready technology. 

For one, though with better control over distribution and a viable technical capability, the resources 

required by internal technology are much greater than the capital need in the external acquisition. 

Therefore, non-internal innovation can be reversible and much cheaper. For another, internal R&D takes 

a long time to achieve the development and exploitation, due to the inherent immaturity; however, the 

effect of external knowledge tends to be immediate, with rapid development and deployment of 

commercial technology (Kondo, 1999; Jones, Lanctot and Teegen, 2001; Narula, 2001; Tsai and Wang, 

2008; Denicolai, Ramirez, and Tidd, 2016). Despite the higher risk, internal R&D is more efficient, 

while the external technology acquisition cannot significantly enhance the firm’s value added but 

depends on the accumulation of the internal R&D (Tsai and Wang, 2008). 

In the baseline regression, we find that innovation can only positively account for the likelihood to 

repurchase shares, at the same time, it makes firms prefer share repurchases over dividends. In this 

section, we attempt to explore ‘make’ and ‘buy’ strategy of innovation. Following Xue (2007), we 

measure the internal technology creation (“make” strategy) using R&D spending, and employ the dollar 

amount spent on the purchase of technology in a certain year as a proxy of purchased technology (“buy” 

strategy), according to the following formula:  

ΔLY.RYkdmn5[ + ;WT\.djR.dTY	To	dY.RYkdmn5[ + ΔhTT4pdnn + ;WT\.djR.dTY	To	kTT4pdnn. 

Table 4.8 compares the patent, internal R&D and purchased technology. Panel A examines the 

propensity of payout and the payout choice from dividends and repurchases. In column (1) to (3), the 



  

dependent variable is an indicator variable, which equals one if firms repurchase their shares and zero 

otherwise. We see from panel A that firms with more externally purchased technology are more likely 

to repurchase shares. While internal R&D cannot change the probability of repurchasing, it significantly 

reduces the probability of paying dividends, as indicated in column (5). Column (7) to (9) detect the 

payout choice, limiting firms with either repurchases or dividends. We document that firms with more 

internal R&D, instead of purchased technology, are more likely to choose repurchases as their payout 

methods. We further present the dollar value of repurchases and dividends in Panel B. We find that 

although purchased technology is positively associated with the probability of share repurchases (Panel 

A), firms with higher internal R&D tend to spend more on the share repurchases. Thus, we conclude 

firms with more internal R&D creation prefer share repurchases over dividends, while firms who 

acquire technology from other companies do not show evident preference.  

4.5.5 Alternative Proxies of Innovation 

4.5.5.1 Estimated Patent Value 

We augment our study with several additional proxies of innovation, to emphasize whether the above 

relationship between innovation and payout choice remains unchanged. In this section, we employ the 

estimated patent value provided by Kogan et al. (2017) and Stoffman, Woeppel, and Yavuz (2022). 

Kogan et al. (2017) propose the measure of patent value, using two days after the issuance of patent as 

the event window and decomposing the idiosyncratic stock return in this window into components 

related to patents and components unrelated to patents. The estimated economic value of patent is 

constructed as the product of the patent related return and market capitalization. Stoffman, Woeppel, 

and Yavuz (2022) update this measure till 2017, allowing the signal-to-noise ratio to vary over time but 

remain constant across firms, and estimating variance of measurement error at a monthly frequency.  

 Results of patent value appear in Table 4.9. Panel A shows how patent value relates to the 

propensity of payout. Consistent with the results in the baseline regression, we find that firms with 

valuable patents are more likely to repurchase shares. However, they tend to reduce the probability of 

paying dividends. Limiting firms with either dividends or repurchases, we observe from column (3) that 

firms with more valuable patents tend to prefer share repurchases over dividends, which also echoes 

our previous findings in the baseline regression. 

 Panel B considers other relevant factors, which may change firms’ payout policy. The dependent 

variable is payout choice, which equals one if firms choose share repurchases and zero if they prefer 

dividends. The interest variables are the interaction terms. Column (1) and (2) examine whether 

temporary cash flows and volatility can change the payout choice, and analogous to our previous 

findings, we observe that high proportion of non-operating income and increasing volatility can 

strengthen the positive correlation between patent value and preference to repurchases. Therefore, in 



  

this section, we verify the positive association between innovation and the preference to share 

repurchases compared to dividends, using the estimated value of patents reflected in the stock market. 

We also confirm that the preference to share repurchases is mainly due to the higher uncertainty in the 

innovation process. 

4.5.5.2 Trademarks 

Trademarks, representing the recognizable designations and symbols for products, could also provide 

the owner legal protection in the form of exclusive right to use goods and service and serve as a partial 

measure of innovation for profit-oriented firms (Mendonça, Pereira, and Godinho, 2004). The 

trademarks and patents are positively related to firm performance and survival. However, unlike patents, 

which refer to the technological aspects and are more favorable for firms that are active in R&D 

intensive and technology-oriented industries, trademarks relate to the market aspects, such as 

commercialization and the protection of brand names and logos. Reflecting two different purposes, 

patent and trademarks may complement each other (Zhou et al., 2016), while firms may use the patent 

period to transfer the value of patents to that of trademarks, so that they can enjoy the continuous 

benefits (Statman, and Tyebjee, 1981). Krasnikov, Mishra, and Orozco (2009) categorize trademarks 

into brand-identification and brand-association trademarks, proposing that trademarks reflect firms’ 

brand awareness and association with customers. Besides, trademarks also cover a broader set of 

participants in the economy, from manufacturing products to service sectors. Thus, trademarks are 

favorable in advertising-intensive, consumer-related and service-related firms (Mendonça, Pereira, and 

Godinho, 2004; De Vries et al., 2016). 

Designed to differentiate goods and services from those provided by other firms and to maintain 

the product quality, trademarks play a crucial role in marketing innovation and persuade potential 

buyers that relevant problems are not solved by the currently available products in the market 

(Mendonça, Pereira, and Godinho, 2004). Reflecting a high degree of familiarity or awareness, 

trademarks have two economically critical roles. The monopoly power obtained by trademarks and the 

right to exclude others from using the protected products lead firms to perform better. Besides, it could 

also provide the information and signals related to high firm quality, namely, the degree of market and 

growth orientation, as well as the willingness to protect the current and future market (Sandner, and 

Block, 2011; Block et al., 2014; Chemmanur et al., 2018). 

In this section, we detect whether the relationship between innovation and payout choice remains 

unchanged if we use trademarks as the proxies of innovation. We obtain the trademark data from Heath 



 

and Mace (2020) 15 and match the trademark data to COMPUSTAT. Following Chemmanur et al., 

(2018), we use the natural logarithm to capture the value of trademarks and add one to avoid losing 

observations. We present the empirical results of trademarks and payout in Table 4.10. We observe 

from panel A that firms with more trademarks are more likely to increase their propensity of using share 

repurchases, as indicated in column (1). However, we do not observe any preference between dividends 

and share repurchases when limiting firms with either repurchases or dividends. In panel B, we conduct 

analysis by interacting trademarks with other variables, including non-operating income, volatility, debt, 

free cash flows and earnings. Similar to our findings in the previous sections, we find that high non-

operating income and volatility make share repurchases more attractive to firms with more trademarks. 

Comparing the findings in this section with our baseline analysis, we can conclude that although 

trademarks are positively correlated with the propensity to repurchase shares, firms do not show 

preference to share repurchases when they need to choose one from these two types of payout. We 

interpret this from the difference between patents and trademarks. First, strongly linked with brands, 

trademarks are closer to commercialization, with a higher association among customers. The positive 

attitude from customers can reduce the overall riskiness and alleviate financial frictions (Larkin, 2013). 

Second, firms are more likely to file trademarks in the more advanced and mature stage, especially 

when the underlying products or services are closer to the market. The technical issues have already 

been resolved during this stage, and the uncertainty associated with trademarks is much lower than that 

of patents. Overall, the effect of trademark application is more significant and reliable than that of 

patents, with a higher success rate and ultimate applicability and validity towards the exclusion rights 

(Block et al., 2014; Chemmanur et al., 2018; Thoma, 2019; Hsu et al., 2022). Thus, the advantage of 

flexibility of share repurchases is no longer attractive for firms with trademarks, as uncertainty 

associated with trademarks is not as high as that of patents.  

4.6 Discussion and Future Research 

This study focuses on the payout preference, namely, the choice between dividends and share 

repurchases in the innovative firms. We predict and confirm that compared to dividends, share 

repurchases are more favorable for innovative firms. In this section, we explain why innovation firms 

are more likely to choose share repurchases as their payout methods. The main reason is the high 

uncertainty and risk in the innovation process. Innovation involves the long-term, risky and 

15
 Available at: http://davidsontheath.github.io/. We are grateful to Davidson Heath and  Christopher Mace for sharing 

trademark data.  

 



  

idiosyncratic investment in intangible assets; however, it cannot always generate short-term income 

(Guo, Pérez-Castrillo, and Toldrà-Simats, 2019; Moshirian et al., 2020). Jalonen (2011) has fully 

summarized the uncertainty related to innovation: the novelty and unknown details in the technology 

uncertainty, unclear customer needs and competitions from market uncertainty, diversity of interests 

among shareholders regarding social uncertainty, fear of failure in terms of managerial uncertainty, and 

most importantly, indirect, undesirable and unintended consequence. However, the extent of uncertainty 

varies in different stages. Initial inputs stage, measured by R&D expenditure, is more susceptible due 

to lack of collateral value, while the presence and publicity of patents can partially mitigate the impact 

of uncertainty (Czarnitzki and Toole, 2011; Brown, Martinsson, and Petersen, 2012). Therefore, 

technology innovation, with long horizon and high tail risk, is a process of uncertainty reduction (Souder 

and Moenaert, 1992; Czarnitzki and Toole, 2011), while this also explains why the impacts of R&D on 

repurchase expenditures are more significant and sizeable than patents in our study.  

However, we also observe that trademarks, another proxy of innovation, cannot significantly 

account for the preference to share repurchases. Patents and trademarks refer different aspects of 

innovation: patents relate more to the technology aspects, while trademarks associate with marketing 

aspects, such as commercialization and the protection of brands (Mendonça, Pereira, and Godinho, 2004; 

De Vries et al., 2016). Trademarks, filed in the more advanced stage of development and with positive 

attitude from customers, tend to have higher success rate and ultimate applicability (Larkin, 2013; Block 

et al., 2014; Chemmanur et al., 2018; Thoma, 2019). This can reduce the uncertainty and riskiness, 

making the flexibility in share repurchases less attractive. 

 Firms usually execute share repurchases either when they are abnormally undervalued or have 

excess cash relative to profitable investment opportunities (Stewart, 1976; Banerjee, Humphery-Jenner, 

and Nanda, 2018). Innovative firms, with increasing number of patents, are very likely to have attractive 

investment opportunities. With less predictable cash flows, it is reasonable if they rely more on 

opportunistic share repurchases instead of obligatory dividends to distribute cash flows (Fenn and Liang, 

2001). Therefore, the information signal hypothesis (Liang, 2012; Huang and Thakor, 2013; Busch and 

Obernberger, 2016) and the financial flexibility hypothesis (Jagannathan, Stephens, and Weisbach, 

2000) dominate when explaining the preference to share repurchases. 

 However, one question is whether the information conveyed by share repurchases is credible or 

misleading. Due to lack of commitment, many scholars have criticized the open-market share 

repurchases as their weak signals and proposed that market tends to ignore some information conveyed 

by open-market share repurchases (Ikenberry, Lakonishok, and Vermaelen 1995; Chan et al., 2010). In 

addition, share repurchases tend to create incentives to manipulate information flows and earnings, 

either the timing or the contents. Both post-repurchase returns and improvement are partly due to pre-



 

repurchase downward earnings rather than entire growth in profitability (Barclay and Smith, 1988; 

Hribar Jenkins, and Johnson, 2006; Brockman, Khurana, and Martin ,2008; Gong, Louis, and Sun, 2008; 

Farrell, Unlu, and Yu, 2014). To minimize the effect of misleading repurchase, we focus on the actual 

open-market repurchase outcome, instead of the repurchase announcement. However, future research 

can focus on distinguishing whether the repurchase is for manipulation. 

Another concern for stock repurchases is the competition. According to Massa, Rehman, and 

Vermaelen (2007), stock repurchases can send a positive signal to the repurchasing firm and a negative 

signal to its competitors. This forces firms to repurchase their stock by mimicking their competitors, 

instead of taking advantage of undervalued stock price. Therefore, share repurchase could also be a 

strategic response to other firms, especially in the concentrated industry. However, Hertzel (1991) 

argues that the information conveyed by stock repurchases is firm-specific as abnormal returns in rival 

firms are insignificant. To explore whether competitors play some roles, future studies could compare 

different reactions and performance in the repurchasing firms and their competitors. 

4.7 Conclusion 

In this study, we analyze the relationship between innovation and payout preference, revealing that 

firms with patents prefer share repurchases over dividends and tend to spend more on repurchase 

expenditures. Using the estimated value of patents, which can reflect the quality and the market response 

of patents, produces consistent results. However, we cannot observe such a preference when we use 

trademarks as the proxy of innovation. We introduce financial constraints to check whether it could 

distort the above relationship, finding that only financially unconstrained firms demonstrate significant 

preferences to repurchases over dividends. We further provide evidence of some other relevant 

determinants, finding this association is more pronounced in firms with high non-operating income and 

high volatility. This indicates that firms with volatility and uncertainty are more likely to choose share 

repurchases, rather than dividends, as their payout form, because share repurchases permit instead of 

obligating firms to distribute cash. Focusing on the increase of dividends generates similar results. 

Finally, we distinguish ‘make’ and ‘buy’ strategy in innovative process, finding that internally created 

innovation, instead of the externally purchased technology, can mainly account for the positive 

correlation between innovation and preference to share repurchases.  

 Overall, our study provides support to the information signaling hypothesis and the financial 

flexibility hypothesis of stock repurchases, suggesting that innovative firms tend to use distribution as 

a positive signal because they are very likely to be undervalued, however, due to the uncertainty in the 

innovation process and unpredictable outcome, they have to rely more on share repurchases instead of 

dividends, as repurchases are more flexible and do not involve commitments to the future payout. 



 

 

Table 4.1 Summary Statistics 

This table provides the descriptive statistics of dependent variables (repurchase yield and dividend yield), the independent 

variable (the number of patents) and other control variables. Panel A presents the descriptive statistics of the full sample. 

Repurchase is the total expenditures on the open-market stock repurchases, minus any decrease in the par value of preferred 

stock, all scaled by total assets. Dividend is measured by the dividends for the common stock divided by total assets. Patent 

for a firm in a given year is the sum of all patents applied in this year. Size is the natural logarithm of total assets, which is 

the proxy for information asymmetry. Market-to-book ratio (M/B) is used to measure the investment opportunity, which is 

the market value of equity plus the book value of assets minus the book value of equity, all divided by the book value of 

assets. Cash flow, debt and nonoperating income are all divided by the total assets. ROA and ROE are included to reflect 

the return, while sales growth is the natural logarithm of current sales over sales in the previous year. Age is the number of 

years listed in CRSP for each firm. Return is the average of monthly stock return for each firm. Panel B compares the 

descriptive statistics of firm characteristics in four sub-samples: firms without any payout, firms with share repurchases only, 

firms with dividends only and firms with both dividends and share repurchases. 

Panel A: Summary Statistics of Full Sample 
 N mean sd p25 p50 p75 

Repurchase 15624 0.026 0.057 0.000 0.001 0.027 

Dividend 15624 0.012 0.033 0.000 0.000 0.015 

Patent 15624 34.889 215.912 0.000 1.000 7.000 

Size 15624 6.464 2.231 4.816 6.420 8.007 

M/B 15624 2.076 1.676 1.174 1.604 2.360 

Cash Flow 15624 0.029 0.203 0.028 0.073 0.109 

ROA 15624 0.074 0.211 0.055 0.114 0.165 

ROE 15624 -0.086 1.921 -0.034 0.079 0.153 

Non-operating Income 15624 0.006 0.035 0.000 0.003 0.009 

Debt 15624 0.167 0.164 0.003 0.140 0.275 

Sales Growth 15624 0.056 0.400 -0.036 0.059 0.154 

Age 15624 25.942 19.143 12.000 21.000 35.000 

Return 15624 0.013 0.048 -0.009 0.012 0.032 



 

Panel B: Summary Statistics by Different Groups 
 Dividend=0 and Repurchase=0 Dividend=0 and Repurchase=1  Dividend=1 and Repurchase=0  Dividend=1 and Repurchase=1  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
 N mean sd N mean sd N mean sd N mean sd 

Patent 4986 9.902 73.042 3963 22.361 105.356 1946 16.273 71.393 4729 79.394 366.205 
Size 4986 5.086 1.818 3963 6.140 1.854 1946 6.903 1.980 4729 8.007 1.978 
M/B 4986 2.322 2.256 3963 2.078 1.652 1946 1.639 0.959 4729 1.995 1.051 
Cash Flow 4986 -0.056 0.292 3963 0.049 0.185 1946 0.062 0.079 4729 0.088 0.060 
ROA 4986 -0.033 0.289 3963 0.078 0.189 1946 0.129 0.085 4729 0.161 0.077 
ROE 4986 -0.392 2.242 3963 -0.099 2.270 1946 0.046 1.376 4729 0.194 1.269 
Non-operating Income 4986 0.008 0.053 3963 0.005 0.032 1946 0.005 0.019 4729 0.006 0.013 
Debt 4986 0.142 0.173 3963 0.141 0.166 1946 0.201 0.158 4729 0.202 0.143 
Sales Growth 4986 0.076 0.586 3963 0.057 0.385 1946 0.050 0.218 4729 0.038 0.152 
Age 4986 16.936 11.744 3963 19.036 12.468 1946 33.222 19.122 4729 38.228 22.056 
Return 4986 0.017 0.065 3963 0.010 0.050 1946 0.014 0.034 4729 0.011 0.026 



 

Table 4.2 Logistic Regression: Innovation and Propensity of Payout 
This table provides the logistic regression to analyze whether innovation is associated with the propensity of repurchasing shares, paying dividends, initiating repurchases and 
initiating dividends. Panel A presents the results of full sample, including the coefficient and the odds ratio of logistic regressions. The interest variable in this table is patent. 
The dependent variables are four indicator variables, representing repurchasing shares, paying dividends, initiating repurchases and initiating dividends, respectively. We 
classify firms as repurchase-initiating firms if they repurchase shares in the current year but without buyback in the previous three years. Similarly, we define dividends initiation 
if firms pay dividends in the current year but paid nothing in the previous three years. Panel B divides full sample into two groups, according to whether they are dividend-
paying firms and whether they are repurchasing firms, and reports the results in each group. All regressions control for the industry and year fixed effects and cluster standard 
errors at firm level. Other variables are defined as in Table 4.1. Detailed definitions of each variable can be found in Appendix C. The symbols ***, ** and * indicate statistical 
significance at the 1%, 5% and 10% levels, respectively. 
Panel A: Full Sample 

 Repurchase Shares Pay Dividends Initiate Repurchases Initiate Dividends 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 Coefficient Odds Ratio Coefficient Odds Ratio Coefficient Odds Ratio Coefficient Odds Ratio 

Patent 0.077*** 1.080*** -0.069 0.933 -0.115*** 0.891*** 0.053 1.055 
 [2.80] [2.80] [-1.45] [-1.45] [-2.94] [-2.94] [0.91] [0.91] 
Size 0.269*** 1.309*** 0.464*** 1.591*** -0.031 0.970 0.031 1.032 
 [9.96] [9.96] [9.93] [9.93] [-1.01] [-1.01] [0.57] [0.57] 
M/B 0.032 1.033 -0.376*** 0.686*** -0.278*** 0.757*** -0.575*** 0.563*** 
 [1.18] [1.18] [-6.26] [-6.26] [-4.60] [-4.60] [-5.01] [-5.01] 
Cash Flow -1.693** 0.184** -25.035*** 0.000*** 0.182 1.200 -5.585*** 0.004*** 
 [-2.25] [-2.25] [-14.88] [-14.88] [0.18] [0.18] [-4.99] [-4.99] 
ROA 4.506*** 90.586*** 28.389*** 2.134e+12*** 0.160 1.174 9.491*** 13,244.563*** 
 [5.98] [5.98] [18.76] [18.76] [0.17] [0.17] [6.82] [6.82] 
ROE 0.164** 1.178** 1.035*** 2.814*** 0.179 1.196 1.212*** 3.361*** 
 [2.14] [2.14] [5.56] [5.56] [1.23] [1.23] [3.13] [3.13] 
Non-operating Income 2.466 11.770 -3.697 0.025 1.926 6.864 6.420 614.264 
 [1.22] [1.22] [-1.05] [-1.05] [0.59] [0.59] [1.03] [1.03] 
Debt -1.458*** 0.233*** -1.705*** 0.182*** -1.212*** 0.298*** -2.102*** 0.122*** 
 [-6.25] [-6.25] [-4.14] [-4.14] [-3.34] [-3.34] [-3.80] [-3.80] 
Sales Growth -0.718*** 0.488*** -1.309*** 0.270*** -0.422** 0.656** -0.353 0.702 
 [-8.12] [-8.12] [-8.51] [-8.51] [-2.43] [-2.43] [-1.12] [-1.12] 
Age 0.004* 1.004* 0.052*** 1.054*** -0.001 0.999 -0.021*** 0.979*** 
 [1.88] [1.88] [9.54] [9.54] [-0.21] [-0.21] [-4.26] [-4.26] 
Return -3.455*** 0.032*** -2.792*** 0.061*** -0.116 0.890 3.597* 36.484* 
 [-6.18] [-6.18] [-3.95] [-3.95] [-0.08] [-0.08] [1.67] [1.67] 
Constant -0.040 0.961 -3.636*** 0.026*** -2.218*** 0.109*** -3.495*** 0.030*** 
 [-0.26] [-0.26] [-3.19] [-3.19] [-3.30] [-3.30] [-4.17] [-4.17] 
Industry FE Y Y Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y Y Y 
Observations 15,603 15,603 15,406 15,406 12,108 12,108 11,460 11,460 
Pseudo R2 0.167 0.167 0.457 0.457 0.0437 0.0437 0.125 0.125 



 

Panel B: Sub-group by Dividends and Repurchase 
 Repurchase Shares Pay Dividends Initiate Repurchases Initiate Dividends 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 With 

Dividends 
Without 

Dividends 
With 

Repurchases 
Without 

Repurchases 
With 

Dividends 
Without 

Dividends 
With 

Repurchases 
Without 

Repurchases 
Patent 0.131*** 0.042 -0.069 -0.155** -0.165*** -0.074 0.051 0.006 
 [2.97] [1.19] [-1.45] [-2.33] [-2.58] [-1.42] [0.78] [0.05] 
Size 0.302*** 0.228*** 0.464*** 0.468*** 0.010 -0.005 0.029 -0.021 
 [6.03] [7.44] [9.93] [7.64] [0.17] [-0.13] [0.44] [-0.19] 
M/B -0.036 0.003 -0.376*** -0.342*** -0.544*** -0.211*** -0.608*** -0.462** 
 [-0.40] [0.12] [-6.26] [-4.61] [-2.75] [-3.43] [-4.07] [-2.01] 
Cash Flow 2.854** -1.822*** -25.035*** -21.934*** 0.987 -1.987 -6.056*** -7.692*** 
 [2.38] [-2.62] [-14.88] [-11.98] [0.50] [-1.23] [-4.70] [-4.09] 
ROA 5.277*** 4.084*** 28.389*** 25.926*** 1.289 1.876 9.920*** 8.812*** 
 [4.04] [5.88] [18.76] [15.03] [0.57] [1.24] [6.11] [3.00] 
ROE 0.650*** 0.107 1.035*** 1.203*** 0.593 0.327* 0.756 2.721*** 
 [2.94] [1.35] [5.56] [4.63] [1.14] [1.89] [1.57] [4.27] 
Non-operating Income 7.249 2.591 -3.697 -2.746 -4.330 3.541 13.691* -20.868** 
 [1.57] [1.24] [-1.05] [-0.58] [-0.56] [0.97] [1.76] [-2.16] 
Debt -1.534*** -1.416*** -1.705*** -1.712*** -3.475*** -0.430 -2.108*** -1.903 
 [-3.56] [-5.22] [-4.14] [-3.24] [-5.35] [-0.99] [-3.16] [-1.51] 
Sales Growth -1.552*** -0.506*** -1.309*** -1.012*** -0.494 -0.499** -0.315 0.254 
 [-6.18] [-5.75] [-8.51] [-5.57] [-1.07] [-2.56] [-0.72] [0.53] 
Age -0.003 0.005 0.052*** 0.055*** 0.002 0.004 -0.027*** -0.006 
 [-1.00] [1.31] [9.54] [8.22] [0.43] [0.87] [-4.70] [-0.62] 
Return -3.446*** -3.141*** -2.792*** -5.458*** -3.662 0.497 7.166** 0.795 
 [-2.63] [-5.22] [-3.95] [-5.39] [-1.09] [0.30] [2.37] [0.22] 
Constant -0.296 0.134 -3.636*** -3.879*** -1.695 -2.526*** -2.886*** -3.251** 
 [-0.80] [0.82] [-3.19] [-3.48] [-1.51] [-3.10] [-3.31] [-2.44] 
Industry FE Y Y Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y Y Y 
Observations 6,650 8,928 8,544 6,843 5,302 6,597 6,333 4,086 
Pseudo R2 0.165 0.127 0.434 0.443 0.071 0.046 0.133 0.198 



 

 
Table 4.3 Logistic Regression: Innovation and Payout Choice 

This table provides the results of logistic regressions to detect whether innovation is related to the corporate payout choice 
between dividends and share repurchases. We limit the firms with either dividends or share repurchases. The dependent 
variable is an indicator variable, which equals one if firms prefer share repurchases and zero if they choose dividends. The 
interest variable is the number of patents. In column (1) and (2), we present the results of the full sample, while we limit 
innovative observations only in column (3) and (4). As prior, we report both coefficients and odds ratio and include industry 
and year dummy. Standard errors are clustered at firm level. Detailed definitions of each variable can be found in Appendix 
C. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively.

 Full Sample Innovative Observation 
 (1) (2) (3) (4) 
 Coefficient Odds Ratio Coefficient Odds Ratio 

Patent 0.146** 1.157** 0.249*** 1.282*** 
 [2.33] [2.33] [2.79] [2.79] 
Size -0.240*** 0.787*** -0.300*** 0.741*** 
 [-3.96] [-3.96] [-3.71] [-3.71] 
M/B 0.578*** 1.782*** 0.565*** 1.760*** 
 [5.34] [5.34] [3.98] [3.98] 
Cash Flow 25.197*** 8.765e+10*** 32.591*** 1.426e+14*** 
 [9.48] [9.48] [8.61] [8.61] 
ROA -25.210*** 0.000*** -29.655*** 0.000*** 
 [-10.80] [-10.80] [-8.70] [-8.70] 
ROE -0.272 0.762 -0.732*** 0.481*** 
 [-1.44] [-1.44] [-2.68] [-2.68] 
Non-operating Income 6.975 1,069.63 19.826*** 4.076e+08*** 
 [1.61] [1.61] [3.36] [3.36] 
Debt 0.628 1.874 0.302 1.352 
 [1.12] [1.12] [0.49] [0.49] 
Sales Growth 0.134 1.144 0.092 1.097 
 [0.70] [0.70] [0.39] [0.39] 
Age -0.052*** 0.950*** -0.063*** 0.939*** 
 [-7.01] [-7.01] [-7.46] [-7.46] 
Return -1.771 0.17 -0.892 0.41 
 [-1.62] [-1.62] [-0.54] [-0.54] 
Constant 3.363** 28.880** 4.289*** 72.894*** 
 [2.36] [2.36] [4.96] [4.96] 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 5,799 5,799 3,004 3,004 
Pseudo R2 0.353 0.353 0.42 0.42 



 

 
Table 4.4 Relationship between Innovation and Dollar Value of Payout 

This table presents a detailed analysis about the relationship between innovation and the dollar amount spent on share 
repurchases and dividend payout. The dependent variables are the dollar amount of repurchases and dollar amount of 
dividends, all scaled by total assets. Panel A presents the OLS regression with industry fixed effects and year fixed 
effects. Column (1) and (2) report the relationship between patents and dollar value of share repurchases, while column 
(2) includes the dividend expenditures as an additional control variable. Column (3) and (4) report the association 
between patents and the dollar value of dividends, while column (4) considers the repurchase as an additional control 
variable. Panel B shows the tobit regression to alleviate the concerns of censored data of repurchases and dividends, 
setting the lower limits as zero and upper limit as one. All regressions include industry fixed effects and year fixed 
effects. Detailed definitions of each variable can be found in Appendix C. The symbols ***, ** and * indicate statistical 
significance at the 1%, 5% and 10% levels, respectively. 
Panel A: OLS Regression 
 (1) (2) (3) (4) 
 Repurchase Repurchase Dividend Dividend 
Patent 0.003*** 0.003*** 0.001*** 0.001*** 
 [5.66] [5.74] [3.70] [3.83] 
Size 0.001*** 0.001*** 0.000 0.000 
 [3.38] [3.41] [0.08] [0.14] 
M/B 0.007*** 0.007*** 0.001*** 0.001*** 
 [9.81] [9.77] [4.80] [5.03] 
Cash Flow -0.082*** -0.099*** -0.203*** -0.203*** 
 [-5.13] [-5.51] [-20.37] [-20.15] 
ROA 0.144*** 0.162*** 0.204*** 0.206*** 
 [8.71] [8.28] [20.36] [19.98] 
ROE 0.000 0.000 0.004*** 0.004*** 
 [0.02] [0.33] [8.26] [8.24] 
Non-operating Income 0.157*** 0.157*** 0.000 0.001 
 [4.31] [4.30] [-0.02] [0.09] 
Debt -0.016*** -0.017*** -0.009*** -0.009*** 
 [-3.80] [-3.91] [-4.93] [-4.99] 
Sales Growth -0.018*** -0.018*** -0.005*** -0.005*** 
 [-10.70] [-10.58] [-10.00] [-10.02] 
Age -0.000** -0.000* 0.000*** 0.000*** 
 [-2.19] [-1.79] [10.13] [10.09] 
Return -0.095*** -0.097*** -0.025*** -0.026*** 
 [-8.47] [-8.55] [-6.68] [-6.80] 
Dividend  -0.089   
  [-1.51]   
Repurchase   -0.009 
    [-1.50] 
Constant 0.003 0.003 0.001 0.001 
 [0.89] [0.83] [0.10] [0.10] 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 15,624 15,624 15,624 15,624 
Adj R2 0.194 0.195 0.538 0.538 

 
 
 



 

Panel B: Tobit Regression 
 (1) (2) (3) (4) 
 Repurchase Repurchase Dividend Dividend 

Patent 0.003*** 0.003*** 0.000 0.000 
 [4.41] [4.43] [0.39] [0.42] 
Size 0.004*** 0.004*** 0.004*** 0.004*** 
 [6.03] [6.04] [10.82] [10.79] 
M/B 0.004*** 0.004*** 0.000 0.000 
 [7.74] [7.79] [1.11] [1.19] 
Cash Flow -0.081*** -0.088*** -0.249*** -0.249*** 
 [-6.67] [-6.21] [-60.42] [-60.43] 
ROA 0.200*** 0.207*** 0.251*** 0.252*** 
 [16.65] [14.76] [56.89] [56.46] 
ROE 0.000 0.000 0.008*** 0.009*** 
 [0.12] [0.23] [10.18] [10.21] 
Non-operating Income 0.170*** 0.169*** -0.096*** -0.095*** 
 [3.60] [3.58] [-5.21] [-5.15] 
Debt -0.035*** -0.035*** -0.004* -0.004* 
 [-6.83] [-6.85] [-1.86] [-1.87] 
Sales Growth -0.030*** -0.031*** -0.012*** -0.012*** 
 [-12.88] [-12.92] [-11.88] [-11.92] 
Age 0.000* 0.000** 0.001*** 0.001*** 
 [1.86] [1.97] [12.46] [12.46] 
Return -0.126*** -0.126*** -0.049*** -0.049*** 
 [-7.95] [-7.99] [-8.14] [-8.19] 
Dividend  -0.046   
  [-0.98]   
Repurchase    -0.005 
    [-1.14] 
Constant -0.016 -0.015 -0.042** -0.042** 
 [-0.48] [-0.48] [-2.15] [-2.15] 
Industry FE Y Y Y Y 
Year FE Y Y Y Y 
Observations 15,624 15,624 15,624 15,624 
Log Likelihood 8723 8724 16294 16295 



 

Table 4.5 Effects from Financial Constraints 
This table shows whether financial constraints can affect the payout policy and payout choice. Financial constraints are 
measured by three proxies: KZ index, WW index and SA index. 	

"#$% = −1.002	,-$%//$%01 − 39.368678$%//$%01 − 1.315,$%//$%01 + 3.139;<=8$% + 0.283>$% 
,-$%//$%01 is calculated as cash flows over lagged assets; 678$%//$%01 is calculated as cash dividends divided by lagged 
assets; ,$%//$%01 is the cash balance over lagged assets; ;<=8$% reflects the leverage, calculated as total debt divided by 
the sum of total debt and equity; >$%	is calculated as the market value of equity plus assets minus book value of equity, all 
divided by total assets. 
??$% = −0.091 ∗	,-$% − 0.062 ∗	678ABC$% + 0.021 ∗	D<D6$% − 0.044 ∗ <FD/$% + 0.102 ∗ 	7CG$% − 0.035 ∗	CG$% 

,-$% is the ratio of cash flows to total assets; 678ABC$% is an indicator variable if total dividends are positive; D<D6$% is 
the ratio of long-term debt to total assets; <FD/$% is the natural logarithm of total assets; 7CG$% is the average sales growth 
for each three-digit SIC industry in each year and CG$% is the sales growth for each firms. 

	C/$% = −0.737 ∗ CIJK$% + 0.043 ∗ CIJK$%L − 0.040 ∗ /MK$% 
CIJK$% is the logarithm of inflation-adjusted book assets, winsorized at 4.5 billion and /MK$% is the number of years listed 
in CRSP for each firm, winsorized at 37. 
We divide our sample into constrained and unconstrained group according to the median value of these proxies. Panel A, B 
and C report the results of KZ index, WW index and SA index, respectively. In the first two columns, we compare whether 
innovation is related to the probability of repurchasing their shares in constrained and unconstrained firms. In the following 
two columns, we present the results of paying dividends. We test the role of financial constraints in explaining the payout 
choice in the last two columns, limiting firms with repurchases only or dividends only. All regressions include control 
variables and consider industry fixed effects and year fixed effects. Standard errors are clustered at firm level. Detailed 
definitions of each variable can be found in Appendix C. The symbols ***, ** and * indicate statistical significance at the 
1%, 5% and 10% levels, respectively. 

Panel A: KZ Index 

�
Repurchase Dividend Payout Choice 

(1) (2) (3) (4) (5) (6) 
Unconstrained Constrained Unconstrained Constrained Unconstrained Constrained 

Patent 0.092** 0.058* -0.092 -0.103 0.260*** 0.131 
 [2.43] [1.75] [-1.40] [-1.59] [2.86] [1.62] 
Size 0.272*** 0.257*** 0.363*** 0.610*** -0.204** -0.357*** 
 [7.15] [7.82] [5.97] [8.90] [-2.42] [-4.10] 
M/B 0.044 0.036 -0.187** -0.356*** 0.357** 0.626*** 
 [1.12] [1.06] [-2.10] [-4.25] [2.57] [3.84] 
Cash Flow -0.623 -3.401*** -27.689*** -15.277*** 25.061*** 15.284*** 
 [-0.83] [-3.42] [-11.26] [-8.20] [6.64] [4.12] 
ROA 3.829*** 6.004*** 28.682*** 19.586*** -23.540*** -15.269*** 
 [4.77] [6.32] [13.83] [10.46] [-7.06] [-4.65] 
ROE -0.235 0.228*** 2.500*** 0.615*** -1.939** -0.14 
 [-1.32] [2.62] [4.51] [4.21] [-2.40] [-0.78] 
Non-operating Income 2.376 2.110 -10.648** -5.851 11.073 9.719 
 [0.83] [0.76] [-2.00] [-1.26] [1.63] [1.63] 
Debt 0.098 -1.345*** 6.567*** 0.022 -5.975*** -1.185 
 [0.19] [-4.47] [7.29] [0.04] [-5.69] [-1.42] 
Sales Growth -0.835*** -0.603*** -1.421*** -1.342*** 0.186 0.390 
 [-7.16] [-4.54] [-6.39] [-5.93] [0.64] [1.33] 
Age 0.006* 0.003 0.065*** 0.046*** -0.070*** -0.046*** 
 [1.78] [0.97] [7.61] [6.97] [-5.71] [-5.90] 
Return -2.707*** -3.812*** -1.160 -3.621*** -1.735 -2.632* 
 [-3.35] [-5.06] [-0.97] [-4.01] [-0.95] [-1.75] 
Constant -0.181 0.093 -6.719*** -5.800*** 5.614*** 4.395*** 
 [-0.76] [0.51] [-13.36] [-7.72] [5.92] [4.06] 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 7,785 7,774 7,673 7,647 2,827 2,852 
Pseudo R2 0.163 0.184 0.562 0.431 0.453 0.348 

 



  

Panel B: WW Index 

�
Repurchase Dividend Payout Choice 

(1) (2) (3) (4) (5) (6) 
Unconstrained Constrained Unconstrained Constrained Unconstrained Constrained 

Patent 0.150*** -0.034 -0.004 -0.262** 0.147** 0.186 
 [4.19] [-0.77] [-0.07] [-2.45] [2.02] [1.48] 
Size 0.201*** 0.239*** -0.092 -0.270*** 0.296*** 0.512*** 
 [3.80] [5.59] [-1.18] [-3.31] [2.77] [4.58] 
M/B -0.058 0.001 -0.373*** -0.550*** 0.435*** 0.596*** 
 [-0.91] [0.02] [-4.61] [-4.92] [2.96] [3.37] 
Cash Flow 0.087 -0.494 -41.967*** -20.217*** 44.507*** 20.406*** 
 [0.06] [-0.68] [-11.62] [-10.08] [7.77] [5.12] 
ROA 8.644*** 2.684*** 39.061*** 24.437*** -33.926*** -22.869*** 
 [6.39] [3.57] [14.21] [13.29] [-8.26] [-6.47] 
ROE 0.423** 0.024 0.572*** 1.202*** -0.096 -0.438 
 [2.28] [0.31] [2.92] [3.20] [-0.31] [-0.94] 
Non-operating Income 6.637 1.979 -7.621 3.859 19.377** 4.898 
 [1.61] [0.92] [-1.33] [0.89] [2.34] [0.73] 
Debt -1.595*** -1.400*** -1.986*** -3.020*** 0.954 1.632* 
 [-3.94] [-4.73] [-3.36] [-4.27] [1.22] [1.88] 
Sales Growth -1.327*** -0.461*** -2.416*** -0.948*** 1.028*** 0.092 
 [-7.07] [-4.90] [-9.82] [-4.34] [3.41] [0.27] 
Age -0.002 0.006 0.046*** 0.060*** -0.044*** -0.069*** 
 [-0.53] [1.52] [6.68] [5.82] [-5.26] [-4.41] 
Return -5.302*** -2.729*** -3.556*** -3.775*** -1.055 0.962 
 [-4.64] [-4.34] [-2.85] [-3.53] [-0.50] [0.56] 
Constant 0.043 0.181 -1.342 -3.070*** 1.114 2.120** 
 [0.11] [0.87] [-1.19] [-5.60] [0.58] [2.19] 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 7,775 7,767 7,516 7,418 2,678 2,856 
Pseudo R2 0.159 0.0857 0.355 0.409 0.393 0.407 

 



 

 
Panel C: SA Index 

�
Repurchase Dividend Payout Choice 

(1) (2) (3) (4) (5) (6) 
Unconstrained Constrained Unconstrained Constrained Unconstrained Constrained 

Patent 0.133*** -0.001 -0.009 -0.101 0.141 0.127 
 [3.10] [-0.02] [-0.13] [-1.28] [1.62] [1.14] 
Size 0.324*** 0.355*** 0.446*** 0.487*** -0.193* -0.211** 
 [6.25] [8.23] [5.78] [7.47] [-1.82] [-2.14] 
M/B 0.109 0.001 -0.467*** -0.451*** 0.902*** 0.615*** 
 [1.18] [0.02] [-4.59] [-5.26] [4.28] [4.20] 
Cash Flow 2.046 -1.583* -45.122*** -21.945*** 49.313*** 19.571*** 
 [1.25] [-1.83] [-12.38] [-9.78] [8.60] [5.23] 
ROA 5.314*** 3.908*** 43.840*** 26.528*** -43.415*** -21.465*** 
 [3.39] [4.29] [14.81] [12.56] [-9.71] [-6.71] 
ROE 0.519** 0.074 0.845** 1.534*** -0.018 -1.199** 
 [2.38] [0.77] [2.50] [4.96] [-0.04] [-2.34] 
Non-operating Income 5.830 0.634 0.268 2.463 11.284 1.589 
 [1.20] [0.24] [0.04] [0.57] [1.18] [0.21] 
Debt -1.484*** -1.566*** -2.806*** -0.850 2.037** -0.751 
 [-3.27] [-4.73] [-4.40] [-1.41] [2.21] [-0.90] 
Sales Growth -1.594*** -0.493*** -1.604*** -1.111*** 0.166 0.123 
 [-6.79] [-4.59] [-5.99] [-4.72] [0.47] [0.35] 
Age -0.002 0.025*** 0.045*** 0.076*** -0.050*** -0.077*** 
 [-0.69] [3.84] [5.13] [6.26] [-5.02] [-4.26] 
Return -6.411*** -2.760*** -2.561* -1.595 -3.642 -2.855* 
 [-5.02] [-3.35] [-1.78] [-1.39] [-1.44] [-1.72] 
Constant -5.088*** -0.876 -5.568*** -2.868** 1.789 6.309*** 
 [-7.20] [-0.67] [-5.34] [-2.12] [1.37] [4.77] 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 6,125 6,122 5,923 6,098 2,087 2,294 
Pseudo R2 0.191 0.141 0.389 0.379 0.402 0.328 



  

Table 4.6 Other Determinants of Payout Choice 
This table displays whether other factors, including non-operating income, volatility, debt, free cash flows and earnings, are important determinants of payout choice. Panel A 
presents whether these factors can change the relation of innovation and payout choice between share repurchases and dividend. The dependent variable is an indicator variable, 
which equals one if firms use share repurchases and zero if they pay dividends. The interest variables are the interactions. Column (1) presents whether the number of patents 
is associated with the payout choice, while in column (2) and column (3), we interact patents with non-operating income and volatility, respectively. We use the non-operating 
income as a proxy for temporary cash flows and measure the volatility as the standard deviation of the operating income scaled by total assets. We further detect whether debt 
can affect the payout choice in column (4). Finally, we consider firms’ performance related to profitability and introduce free cash flows and earnings. Panel B detects whether 
these factors can determine the payout choice between repurchase and dividend increases as firms with dividends are expected to have a predictable pattern of increasing 
dividends. The dependent variable is an indicator variable, which equals one if firms repurchase their shares and zero if they increase their dividends. Similarly, we also interact 
patents with non-operating income, volatility, debt, free cash flows and earnings, respectively. We include all relative control variables, as well as the effects of industry and 
year. Detailed definitions of all relative variables are provided in Appendix C. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, 
respectively. 

Panel A: Repurchase and Dividend 
 (1) (2) (3) (4) (5) (6) 

Patent Temporary CF Volatility Debt Free Cash Flow Earnings 
Patent 0.146** 0.118* -0.183* 0.261*** 0.100 0.029 
 [2.33] [1.82] [-1.69] [3.12] [1.40] [0.34] 
Patent*Non-Operating Income  4.700**     
  [2.35]     
Patent*Volatility   5.575***    
   [4.10]    
Patent*Debt    -0.600**   
    [-1.96]   
Patent*Free Cash Flow     0.783*  
     [1.68]  
Patent*Earnings      1.092** 
      [2.24] 
Control Y Y Y Y Y Y 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 5,799 5,799 5,799 5,799 5,783 5,799 
Pseudo R2 0.353 0.353 0.363 0.355 0.278 0.279 

 
 



 

Panel B: Repurchase and Dividend Increase 
 (1) (2) (3) (4) (5) (6) 

Patent Temporary CF Volatility Debt Free Cash Flow Earnings 
Patent 0.212*** 0.182*** -0.021 0.266*** 0.130* 0.060 
 [3.75] [3.17] [-0.24] [3.41] [1.93] [0.71] 
Patent*Non-Operating Income  5.208**     
  [2.05]     
Patent*Volatility   4.583***    
   [3.70]    
Patent*Debt    -0.277   
    [-1.11]   
Patent*Free Cash Flow     0.767  
     [1.57]  
Patent*Earnings      1.053** 
      [2.05] 
Control Y Y Y Y Y Y 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 5,949 5,949 5,949 5,949 5,941 5,949 
Pseudo R2 0.228 0.229 0.236 0.229 0.183 0.183 



 

Table 4.7 Endogeneity Tests 
This table addresses the endogeneity. Panel A presents the logistic regression with one-year lagged independent variables to 
address the reverse causality, detecting whether innovation, which is measured by the number of patents, is related to the 
probability of using repurchases, paying dividends and the payout choice between repurchases and dividends after correcting 
the endogeneity bias. Panel B presents the results of the probit regression with endogenous variables, using two instrument 
variables. The first one is the average patent in the same industry in a given year, while the second instrument is an indicator 
variable, which equals one for firms located in the top ten innovative states. We report the first stage and second stage results, 
respectively. Column (1) and (2) present whether patent is associated with firms’ propensity of share repurchases, while 
column (3) and (4) focus on the dividend payment. Finally, column (5) and (6) present the relationship between innovation 
and the payout choice between repurchases and dividends, after mitigating the endogeneity bias using the instrument 
variables. As prior, we include all related control variables, as well as industry fixed effects and year fixed effects. Detailed 
definition of all relative variables is provided in Appendix C. The symbols ***, ** and * indicate statistical significance at 
the 1%, 5% and 10% levels, respectively. 

Panel A: Lagged Independent Variables 
 (1) (2) (3) 
 Repurchase Dividend Payout Choice 

Patent 0.084*** -0.067 0.181** 
 [2.72] [-1.30] [2.24] 
Size 0.294*** 0.451*** -0.192*** 
 [9.70] [9.14] [-2.59] 
M/B 0.038 -0.390*** 0.683*** 
 [1.25] [-6.21] [4.85] 
Cash Flow -1.387* -19.586*** 28.737*** 
 [-1.87] [-9.78] [8.05] 
ROA 4.468*** 24.652*** -28.205*** 
 [5.85] [13.98] [-9.17] 
ROE 0.402*** 1.292*** 0.285 
 [3.63] [5.49] [0.99] 
Non-operating Income 1.943 -2.078 7.410 
 [0.83] [-0.56] [1.34] 
Debt -1.841*** -1.864*** 0.632 
 [-7.02] [-4.27] [0.87] 
Sales Growth -0.600*** -1.338*** -0.068 
 [-5.91] [-7.75] [-0.26] 
Age 0.001 0.053*** -0.053*** 
 [0.60] [9.04] [-5.94] 
Return -1.993*** -0.789 -3.743*** 
 [-3.50] [-1.07] [-2.60] 
Constant -0.549*** -3.655*** 4.454*** 
 [-3.14] [-3.21] [5.37] 
Industry FE Y Y Y 
Year FE Y Y Y 
Observations 13,420 13,237 3,568 
Pseudo R2 0.180 0.440 0.375 



 

Panel B: Instrumental Variables 
 Repurchase Dividend Payout Choice 
 (1) (2) (3) (4) (5) (6) 
 First Stage Second Stage First Stage Second Stage First Stage Second Stage 

Patent  0.070***  -0.058**  0.172*** 
  (3.22)  (-2.15)  (4.08) 
Size 0.419*** 0.151*** 0.419*** 0.273*** 0.406*** -0.172*** 
 (74.21) (11.59) (74.21) (16.85) (44.26) (-6.96) 
M/B 0.143*** 0.021** 0.143*** -0.186*** 0.154*** 0.255*** 
 (20.26) (2.11) (20.26) (-10.93) (12.51) (9.08) 
Cash Flow -0.242 -1.036*** -0.242 -12.458*** 0.053 11.656*** 
 (-1.35) (-4.59) (-1.35) (-33.12) (0.19) (20.23) 
ROA -0.032 2.600*** -0.032 14.632*** -0.402 -11.994*** 
 (-0.19) (12.29) (-0.19) (39.74) (-1.53) (-21.29) 
ROE -0.046* 0.078** -0.046* 0.522*** -0.024 -0.148* 
 (-1.84) (2.33) (-1.84) (9.32) (-0.53) (-1.77) 
Non-operating Income 4.296*** 1.153 4.296*** -1.506 4.894*** 2.869 
 (6.81) (1.38) (6.81) (-1.23) (4.55) (1.50) 
Debt -0.707*** -0.831*** -0.707*** -0.966*** -0.606*** 0.337** 
 (-11.09) (-9.90) (-11.09) (-9.35) (-5.96) (2.15) 
Sales Growth -0.061* -0.388*** -0.061* -0.743*** -0.040 0.096 
 (-1.86) (-8.98) (-1.86) (-10.23) (-0.69) (0.93) 
Age 0.005*** 0.003*** 0.005*** 0.029*** -0.001 -0.029*** 
 (8.30) (3.52) (8.30) (29.09) (-0.65) (-19.42) 
Return -1.000*** -1.995*** -1.000*** -1.505*** -0.916** -1.084* 
 (-4.25) (-6.60) (-4.25) (-3.58) (-2.38) (-1.69) 
Patent_Industry 0.659***  0.659***  0.656***  
 (58.68)  (58.68)  (35.63)  
Hightech_State 0.091***  0.091***  0.126***  
 (4.67)  (4.67)  (4.16)  
Constant -2.433*** 0.020 -2.433*** -2.041*** -1.872*** 2.131*** 
 (-7.53) (0.04) (-7.53) (-4.66) (-3.61) (3.01) 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 15603 15603 15406 15406 5799 5799 
Adj R2 0.587  0.587  0.541  
P-value 0.000 0.000 0.000 



 

Table 4.8 ‘Make’ or ‘Buy’ Innovation 
This table compares the patent with two main strategies in innovation: internally created innovation and externally purchased innovation. Internally created innovation is 
measured by R&D, while externally purchased innovation is the dollar amount spent on the purchase of technology in a certain year, calculated as: Δ"#$%#&'()*+ +
-./0$'1%$'/#	/3	'#$%#&'()*+ + Δ4//56')) + -./0$'1%$'/#	/3	&//56')). Panel A presents the result of logistic regression. Column (1) to (3) show different impacts of 
patents, internal R&D and external purchased innovation on the probability of repurchasing shares, while column (4) to (6) focus on the propensity of paying dividends. In the 
last three columns, we limit firms with either repurchasing their shares or paying dividends, and compare different association related to patents, internal R&D and externally 
purchased innovation. Panel B focuses on the dollar value spent on the repurchases and dividends, using the panel regression with industry and year fixed effects. The first 
three columns regress the dollar value of share repurchases on patents, internal R&D and externally purchased innovation, respectively, while the last three columns report the 
results related to the dollar value of dividends for each firm. As prior, we include all related control variables. Standard errors are clustered at firm level. Detailed definition of 
all relative variables can be found in Appendix C. The symbols ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively.  

Panel A: Propensity of Payout 
 Repurchase Dividend Payout Choice 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
 Patent Internal 

R&D 
External 
Purchase Patent Internal 

R&D 
External 
Purchase Patent Internal 

R&D 
External 
Purchase 

Patent 0.077***   -0.069   0.146**   
 [2.80]   [-1.45]   [2.33]   
R&D  0.448   -10.053***   14.420***  
  [0.84]   [-5.73]   [5.82]  
Purchase   0.041**   -0.006   0.029 
   [2.48]   [-0.23]   [0.88] 
Size 0.269*** 0.306*** 0.287*** 0.464*** 0.430*** 0.455*** -0.240*** -0.179*** -0.202*** 
 [9.96] [13.11] [9.58] [9.93] [11.10] [9.26] [-3.96] [-3.61] [-3.29] 
M/B 0.032 0.038 0.036 -0.376*** -0.240*** -0.467*** 0.578*** 0.415*** 0.665*** 
 [1.18] [1.41] [1.32] [-6.26] [-4.29] [-6.92] [5.34] [4.10] [5.48] 
Cash Flow -1.693** -1.676** -2.139** -25.035*** -25.101*** -30.528*** 25.197*** 24.429*** 29.294*** 
 [-2.25] [-2.25] [-2.42] [-14.88] [-14.82] [-14.22] [9.48] [8.99] [9.67] 
ROA 4.506*** 4.559*** 4.584*** 28.389*** 27.244*** 32.639*** -25.210*** -23.186*** -28.872*** 
 [5.98] [6.08] [5.28] [18.76] [18.06] [17.71] [-10.80] [-9.79] [-10.71] 
ROE 0.164** 0.167** 0.120 1.035*** 0.914*** 1.227*** -0.272 -0.173 -0.190 
 [2.14] [2.20] [1.11] [5.56] [5.28] [3.28] [-1.44] [-0.92] [-0.60] 
Non-operating Income 2.466 2.624 3.575 -3.697 -2.409 -6.532 6.975 4.330 8.461 
 [1.22] [1.29] [1.61] [-1.05] [-0.69] [-1.59] [1.61] [1.00] [1.64] 
Debt -1.458*** -1.497*** -1.501*** -1.705*** -2.034*** -1.658*** 0.628 1.174** 0.548 
 [-6.25] [-6.36] [-5.81] [-4.14] [-4.92] [-3.71] [1.12] [2.03] [0.89] 
Sales Growth -0.718*** -0.726*** -0.733*** -1.309*** -1.301*** -1.224*** 0.134 0.094 -0.147 
 [-8.12] [-8.17] [-7.52] [-8.51] [-8.22] [-7.02] [0.70] [0.47] [-0.69] 
Age 0.004* 0.005** 0.006** 0.052*** 0.050*** 0.052*** -0.052*** -0.048*** -0.052*** 
 [1.88] [2.14] [2.23] [9.54] [9.01] [8.78] [-7.01] [-6.64] [-6.10] 
Return -3.455*** -3.508*** -2.899*** -2.792*** -3.468*** -1.895** -1.771 -1.056 -1.641 
 [-6.18] [-6.25] [-4.58] [-3.95] [-4.86] [-2.15] [-1.62] [-0.93] [-1.23] 
Constant -0.040 -0.269* -0.515 -3.636*** -2.922** -3.194*** 3.363** 2.485* 2.481* 



 

 [-0.26] [-1.72] [-1.62] [-3.19] [-2.36] [-2.78] [2.36] [1.70] [1.72] 
Industry FE Y Y Y Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y Y Y Y 
Observations 15,603 15,603 11,383 15,406 15,406 11,264 5,799 5,799 4,202 
Pseudo R2 0.167 0.166 0.170 0.457 0.468 0.481 0.353 0.376 0.366 

 



 

Panel B: Dollar Value of Payout 
 Repurchase Dividend 
 (1) (2) (3) (4) (5) (6) 
 Patent Internal R&D External Purchase Patent Internal R&D External Purchase 

Patent 0.003***   0.001***   
 [5.66]   [3.70]   
R&D  0.066***   -0.001  
  [6.18]   [-0.19]  
Purchase   0.000   0.000 
   [0.52]   [-0.71] 
Size 0.001*** 0.003*** 0.003*** 0.000 0.000* 0.000 
 [3.38] [7.75] [5.68] [0.08] [1.84] [1.44] 
M/B 0.007*** 0.006*** 0.007*** 0.001*** 0.001*** 0.001*** 
 [9.81] [9.11] [9.04] [4.80] [5.51] [3.85] 
Cash Flow -0.082*** -0.082*** -0.079*** -0.203*** -0.203*** -0.210*** 
 [-5.13] [-5.21] [-4.42] [-20.37] [-20.43] [-18.92] 
ROA 0.144*** 0.159*** 0.141*** 0.204*** 0.204*** 0.209*** 
 [8.71] [9.62] [7.69] [20.36] [20.40] [19.19] 
ROE 0.000 0.001 -0.004** 0.004*** 0.004*** 0.005*** 
 [0.02] [0.76] [-2.01] [8.26] [8.14] [6.73] 
Non-operating Income 0.157*** 0.143*** 0.203*** 0.000 0.003 -0.001 
 [4.31] [3.91] [4.90] [-0.02] [0.24] [-0.09] 
Debt -0.016*** -0.015*** -0.016*** -0.009*** -0.010*** -0.010*** 
 [-3.80] [-3.66] [-3.33] [-4.93] [-5.21] [-5.21] 
Sales Growth -0.018*** -0.018*** -0.017*** -0.005*** -0.005*** -0.005*** 
 [-10.70] [-10.79] [-9.52] [-10.00] [-10.00] [-8.36] 
Age -0.000** 0.000 0.000 0.000*** 0.000*** 0.000*** 
 [-2.19] [-1.15] [-1.15] [10.13] [10.26] [9.55] 
Return -0.095*** -0.095*** -0.096*** -0.025*** -0.026*** -0.022*** 
 [-8.47] [-8.47] [-7.42] [-6.68] [-6.90] [-5.40] 
Constant 0.003 -0.011*** -0.003 0.001 -0.001 0.001 
 [0.89] [-3.46] [-0.92] [0.10] [-0.26] [0.34] 
Industry FE Y Y Y Y Y Y 
Year FE Y Y Y Y Y Y 
Observations 15,624 15,624 11,432 15,624 15,624 11,432 
Adj R2 0.194 0.195 0.183 0.538 0.536 0.541 

 



 

Table 4.9 Alternative Proxy of Innovation: Estimated Patent Value 
This table provides whether alternative proxy of innovation can determine the payout preference. We use the estimated value 
of patents reflected in the stock market as the measure of innovation, while data and detailed description are provided by 
Kogan et al. (2017) and Stoffman, Woeppel, and Yavuz (2022). Kogan et al. (2017) propose that estimated economic value 
of patent can be constructed as the product of the patent related return and market capitalization and Stoffman, Woeppel, 
and Yavuz (2022) make some minor changes. Panel A presents the logistic regression, detecting the relationship between 
estimated patent value and the probability of payout. The dependent variable in column (1) is an indicator variable, which 
equals one if firms repurchase their shares and zero otherwise. The dependent variable in column (2) is an indicator variable, 
representing those with dividends. In column (3), we limit firms with either dividends or repurchases, focusing on the payout 
choice between repurchases and dividends. The dependent variable is a dummy variable, which equals one for those with 
repurchases only and zero for those with dividends only. Panel B shows whether other firm characteristics can enhance or 
mediate the relation between the estimated patent value and payout choice. The interest variables are the interactions. We 
include all controls, as well as industry fixed effects and year fixed effects. Standard errors are clustered at firm level. 
Detailed description and construction of all variables are provided in Appendix C. The symbols ***, ** and * indicate 
statistical significance at the 1%, 5% and 10% levels, respectively. 

Panel A: Propensity of Payout---Estimated Patent Value 
 (1) (2) (3) 
 Repurchase Dividend Payout Choice 

Patent Value 0.097*** -0.129** 0.255*** 
 [3.11] [-2.42] [3.43] 
Size 0.180*** 0.596*** -0.501*** 
 [3.62] [6.92] [-4.12] 
M/B -0.007 -0.350*** 0.459*** 
 [-0.21] [-4.39] [3.32] 
Cash Flow -2.216** -30.334*** 32.644*** 
 [-2.36] [-11.89] [8.63] 
ROA 5.878*** 32.892*** -29.694*** 
 [6.84] [14.30] [-8.72] 
ROE 0.154 1.189*** -0.707** 
 [1.27] [4.96] [-2.53] 
Non-operating Income 2.330 -12.486*** 19.691*** 
 [0.91] [-2.75] [3.31] 
Debt -1.552*** -1.773*** 0.448 
 [-5.06] [-3.72] [0.71] 
Sales Growth -0.892*** -1.472*** 0.045 
 [-7.28] [-7.27] [0.19] 
Age 0.003 0.058*** -0.062*** 
 [1.14] [8.44] [-7.41] 
Return -2.487*** -2.782** -1.277 
 [-3.27] [-2.55] [-0.77] 
Constant -1.076** -6.468*** 5.401*** 
 [-2.23] [-7.22] [5.66] 
Industry FE Y Y Y 
Year FE Y Y Y 
Observations 8,547 8,430 3,004 
Pseudo R2 0.193 0.509 0.422 



 

Panel B: Other Determinants---Estimated Patent Value 
 (1) (2) (3) (4) (5) 

Temporary CF Volatility Debt Free Cash Flow Earnings 
Patent Value 0.236*** 0.141 0.298*** 0.238*** 0.224*** 
 [3.13] [1.56] [3.40] [3.13] [2.75] 
Patent Value *Non-operating Income 3.357***     
 [2.60]     

Patent Value *Volatility  1.677***    
  [2.61]    

Patent Value *Debt   -0.227   
   [-1.04]   

Patent Value *Free Cash Flow    0.534  
    [1.63]  

Patent Value *Earnings     0.490 
     [1.46] 
Control Y Y Y Y Y 
Industry FE Y Y Y Y Y 
Year FE Y Y Y Y Y 
Observations 3,004 3,004 3,004 2,998 3,004 
Pseudo R2 0.421 0.430 0.422 0.337 0.337 



 

Table 4.10 Alternative Proxy of Innovation: Trademark 
This table uses the number of trademarks as another alternative proxy of innovation. Panel A presents the logistic regression, 
checking the relationship between trademarks and the propensity of payout. The variable of interest is the number of 
trademarks. We use the natural logarithm to capture the value of trademarks and add one to avoid losing observations. The 
dependent variable in column (1) is an indicator variable, which equals one if firms repurchase their shares and zero 
otherwise. Similarly, the dependent variable in column (2) is the indicator variable representing firms with dividends. In 
column (3), we focus on those with either repurchases or dividends. The dependent variable, payout choice, equals one if 
firms use share repurchases and zero if they choose to pay dividends. Panel B shows the impact of other firm characteristics, 
including the non-operating income, volatility, debt, free cash flows and earnings. The interest variables are the interactions. 
We include all control variables, as well as industry fixed effects and year fixed effects. Standard errors are clustered at firm 
level. Detailed description and construction of all variables can be found in Appendix C. The symbols ***, ** and * indicate 
statistical significance at the 1%, 5% and 10% levels, respectively. 

Panel A: Propensity of Payout---Trademark 
 (1) (2) (3) 
 Repurchase Dividend Payout Choice 

Trademark 0.137*** 0.091 0.006 
 [4.13] [1.55] [0.08] 
Size 0.271*** 0.407*** -0.173*** 
 [10.79] [9.53] [-3.24] 
M/B 0.040 -0.404*** 0.623*** 
 [1.46] [-6.60] [5.72] 
Cash Flow -1.581** -25.086*** 25.487*** 
 [-2.15] [-14.89] [9.62] 
ROA 4.346*** 28.428*** -25.558*** 
 [5.87] [18.75] [-11.00] 
ROE 0.162** 1.057*** -0.292 
 [2.13] [5.64] [-1.56] 
Non-operating Income 2.925 -3.996 8.319* 
 [1.45] [-1.13] [1.91] 
Debt -1.477*** -1.623*** 0.546 
 [-6.37] [-3.92] [0.97] 
Sales Growth -0.708*** -1.288*** 0.138 
 [-8.02] [-8.32] [0.72] 
Age 0.003 0.052*** -0.052*** 
 [1.54] [9.31] [-6.96] 
Return -3.408*** -2.602*** -2.003* 
 [-6.09] [-3.65] [-1.82] 
Constant -0.031 -3.301*** 3.033** 
 [-0.21] [-2.83] [2.07] 
Industry FE Y Y Y 
Year FE Y Y Y 
Observations 15,603 15,406 5,799 
Pseudo R2 0.167 0.457 0.350 



 

Panel B: Other Determinants---Trademark 
 (1) (2) (3) (4) (5) 

Temporary CF Volatility Debt Free Cash Flow Earnings 
Trademark -0.023 -0.406*** 0.126 -0.093 -0.204* 
 [-0.29] [-3.13] [1.21] [-1.01] [-1.87] 
Trademark *Non-operating Income 6.391*     
 [1.82]     

Trademark *Volatility  7.412***    
  [4.07]    

Trademark *Debt   -0.556   
   [-1.28]   

Trademark *Free Cash Flow    0.957  
    [1.36]  

Trademark *Earnings     1.544** 
     [2.18] 
Control Y Y Y Y Y 
Industry FE Y Y Y Y Y 
Year FE Y Y Y Y Y 
Observations 5,799 5,799 5,799 5,783 5,799 
Pseudo R2 0.350 0.360 0.351 0.273 0.274 



 

Appendix C: Variable Definition—Chapter 4 
Variables Description 

Dependent Variable: Payout 
Repurchase Shares An indicator variable, which equals one if firms repurchase their shares and zero otherwise 
Pay Dividends An indicator variable, which equals one if firms pay common dividends and zero otherwise 
Initiate Repurchases An indicator variable, representing firms who repurchase shares in the current year but 

without repurchases in the previous three years 
Initiate Dividends An indicator variable, representing firms who pay dividends in the current year but without 

dividends in the previous three years 
Payout Choice An indicator variable, which equals one if firms choose share repurchases and zero if firms 

use dividends as their payout form 
Repurchase  Total expenditures on share repurchases, adjusted for any decrease in the par value of 

preferred stock, all scaled by total assets  
Dividend  Dividends spending divided by total assets 
Independent Variable: Innovation 
Patent Total sum of patent applied and successfully granted for each firm in a given year 
Patent Value Estimated value of patent reflected in the stock market provided by Kogan et al. (2017) 

and Stoffman, Woeppel, and Yavuz (2022) 
Trademark Natural logarithm of the number of trademarks for each firm-year observation, provided 

by Heath and Mace (2020) 
Controls and Other Firm Characteristics 
Size Natural logarithm of total assets 
M/B The market value of equity plus the book value of assets minus the book value of equity, 

all divided by the book value of assets 
Cash Flow Cash flow is calculated as Lehn and Poulsen (1989) and Babenko (2009), then scaled by 

total assets 
!" = $%! − '() − $%'*)+ − +*,,$- − !./,$- 

INC: operating income before depreciation 
TAX: total income taxes 
INTEXP: gross interest expense on short-and long-term debt 
PEDDIV: total amount of preferred dividend requirement on cumulative preferred stocks 
and noncumulative preferred stock 
COMDIV: total dollar amount of dividends declared on common stock 

ROA Operating income before depreciation, scaled by total assets 
ROE Net income, scaled by book value of equity 
Non-operating Income Non-operating income expense scaled by total assets 
Debt Total debt (long-term and due in one year), scaled by total assets 
Sales Growth Change in logarithm of total sales, compared to the previous year 
Age The number of years since the firm is listed in CRSP 
Return The average of monthly stock price return in each fiscal year for each firm 
R&D Research and development expense, divided by total assets 
Volatility Standard deviation of ROA 
Free Cash Flow Operating income minus capital expenditure, divided by total assets 
Purchase The proxy of external innovation, measured by the dollar amount spent on the purchase 

of technology in a certain year: Δ$1231456789 + (;<=25>325<1	<@	51231456789 +
ΔA<<BC577 + (;<=25>325<1	<@	4<<BC577. 

Financial Constraints Proxies  
KZ Index DEFG = −1.002	!"FG/(FGMN − 39.368,$-FG/(FGMN − 1.315!FG/(FGMN + 3.139TU*-FG

+ 0.283VFG 
!"FG/(FGMN is the cash flows over lagged assets; ,$-FG/(FGMN is the cash dividends divided 
by lagged assets; !FG/(FGMN is the cash balance over lagged assets; TU*-FG reflects the 
leverage, calculated as total debt divided by the sum of total debt and equity; VFG	is 
calculated as the market value of equity plus asset minus book value of equity, all divided 
by total assets. 

WW Index WWFG = −0.091 ∗	!"FG − 0.062 ∗	,$-+.YFG + 0.021 ∗	'U',FG − 0.044 ∗ U%'(FG
+ 0.102 ∗ 	$YAFG − 0.035 ∗	YAFG 

!"FG is the ratio of cash flows to total assets; ,$-+.YFG is an indicator variable if total 
dividends are positive; 'U',FG is the ratio of long-term debt to total assets; U%'(FG is the 
natural logarithm of total assets; 	$YAFG is the average sales growth for each three-digit 
SIC industry in each year and YAFG is the sales growth for each firms. 



 

SA Index Y(FG = −0.737 ∗ Y5>8FG + 0.043 ∗ Y5>8FG\ − 0.040 ∗ (48FG  
Y5>8FG is the log of inflation-adjusted book assets, winsorized at 4.5 billion and (48FG is 
the number of years listed in CRSP, winsorized at 37.  

Instrumental Variables 
Patent_Industry The average patent in the same industry in a given year 
Hightech_State An indicator variable, which equals one for firms located in the top 10 innovative states 



 

Chapter 5 

Conclusion 

5.1 Summary of Thesis 
In this chapter, we summarize the main empirical findings of three studies in this thesis. We are 

interested in the role of innovation in some important topics of corporate finance and provide the 

evidence related to innovation in three individual, but inter-linked essays.  

In our first study, we focus on the relationship between innovation and annual report readability. 

We introduce four innovation indicators, namely innovation incentive, innovation intensity, innovation 

value, and innovation efficiency, with each capturing and reflecting different aspects and the 

performance involved in innovation activities. We show that less readable annual reports are positively 

correlated with innovation performance, including innovation incentive, innovation intensity, and 

innovation value. We also document that firms tend to use unreadable annual reports as substitutes for 

the accrual-based earnings management, but as the complements for the real earnings management. 

Thus, the relationship between annual report readability and innovation is more pronounced in firms 

with aggressive real earnings management, but less accrual earnings management. Introducing the 

accounting expertise and the product market competition, we also prove that the low readability is an 

intentional choice, instead of a phenomenon related to the complex business. 

In our second essay, we are interested in dividend smoothing. We show that more innovative firms 

tend to have higher degree of dividend smoothing. This relationship remains unchanged when replacing 

ex-post measures of innovation with the ex-ante R&D intensity. We further introduce the financial 

constraints, finding that instead of encouraging dividend smoothing, financial constraints reduce the 

degree of dividend smoothing in the innovative companies. Our study also demonstrates that the 

positive relationship between innovation and dividend smoothing is more pronounced in firms with low 

cash holdings, while dividend smoothing is especially attractive to those without sufficient cash reserve. 

Finally, we show that the level of innovation is positively associated with the degree of dividend 

smoothing only when firms are covered by few analysts. 

In essay three, we examine the relationship between innovation and corporate payout preference, 

predicting and confirming that firms with more innovation, measured by increasing number of patents 



 

and higher patent value, prefer to use share repurchases, instead of dividends, as their payout methods. 

This relationship is more pronounced in firms with lower financial constraints, higher non-operating 

income and higher volatility. Our results further prove that the internally created innovation, instead of 

externally purchased technology, is the main explanation of the positive correlation between innovation 

and share repurchases.  

Overall, this thesis contributes to the literature in several strands. In our first study, we contribute to 

the growing literature about annual report readability, filling the void about the relationship between 

annual report readability and innovation performance. We provide evidence that innovation 

performance increases with the decrease of annual report readability, implying that innovation, unlike 

traditional projects, is able to go along with unreadable and less clear annual reports. Our results also 

yield insights that market participants generally show tolerance and understanding to the complex 

annual reports for the innovative projects. Innovation signals the competitive advantages and growth 

prospects, giving investors and outsiders a strong belief, even they cannot obtain clear and readable 

information from annual reports. 

In our second essay, our main contribution lies in that we are the first to provide novel empirical 

evidence on the relationship between innovation and dividend smoothing, finding that firms with more 

innovation tend to have higher motivation to smooth their dividends. We also support the information 

asymmetry hypothesis and agency problems hypothesis of dividend smoothing, from the dimension of 

innovation.  

In essay three, we contribute to the literature by providing the first study about the relationship 

between innovation and payout choice in the form of stock repurchases or dividends. Our results support 

the information signaling hypothesis and financial flexibility hypothesis of share repurchases by 

suggesting that firms with more innovation, measured by increasing number of patents and patents with 

high market value, show preference to stock repurchases over dividends. We also distinguish the 

internal R&D and externally purchased technology, providing some practical implications for policy 

maker in the innovative firms. Despite the dominant share repurchases in recent years, with the higher 

reliance on external source in developing innovation, firms can adjust their payout away from share 

repurchases and towards dividends. 

5.2 Limitations of Our Studies 
This work has some limitations that must be mentioned. In this thesis, we are interested in the role of 

innovation, while one inherent limitation lies in the patent data. One widely recognized problem is the 

truncation bias (Dass, Nanda, and Xiao, 2017; Lerner and Seru, 2022). Information of patent application 

is publicly disclosed only after the approval, while the average lag between application date and grant 

date is usually two to three years. The truncation bias for patent citation is more obvious, as those 



 

granted earlier can intuitively receive more citations. It is especially significant for patents filling near 

the end of the database (Lerner, and Seru, 2022). Despite some methods for adjusting truncation bias 

(e.g. historical pattern or fixed effect adjustment), none of these can work sufficiently well. Thus, the 

first limitation in our thesis is failure to adjust the truncation bias of patent data. Additionally, the bias 

in patent and citation is specifically concentrated in some regions (e.g. California, New York and Texas), 

industries (e.g. manufacturing, information technology and service) and some technology classes (e.g. 

electronic and computer), while we are unable to account for this. Furthermore, after the enactment of 

the American Inventors Protection Act of 1999, patent applications are disclosed after 18 months, rather 

than the grant time (Johnson, and Popp, 2001). We acknowledge that many inventions are very likely 

to be affected by this Act. Related to the market value of patents, we obtain the data from Kogan et al. 

(2017) and Stoffman, Woeppel, and Yavuz (2022). However, one important assumption in their studies 

is that that market does not revise its beliefs about the value of the patent at the time the patent is issued, 

compared to what conveyed when patents are disclosed. Therefore, the data of patent value we use fail 

to consider patents which are granted after 18 months since application.   

 Second, we focus on the aggregate innovation of each firm in this study, however, we fail to 

distinguish the product innovation and the process innovation. Product innovation refers to a newly 

introduced or upgraded product that differs from the previous subject. The main role of product 

innovation is to maintain market position. Unlike product innovation, process innovation is defined as 

the recently discovered or the significantly improved methods in production, with the aim to reduce 

production cost and improve competitiveness (Raymond and St-Pierre, 2010).  

 In addition, we mainly rely on the patents as the proxy of innovation. However, firms can also 

choose trade secret protection. The choice between patent protection and trade secret protection is 

related to many factors. Especially, when inventors believe the patent protection is too expensive, they 

may choose the trade secret protection (Friedman, Landes, and Posner, 1991). Other factors, such as 

market life, the likelihood of being reversely engineered, the type of technology involved, the difficulty 

and time, can also account for the considerations when firms seek protection from the formal and 

informal intellectual property (Beckerman-Rodau, 2002; Hall et al., 2014.). Thus, focusing on the patent 

only cannot fully capture all innovation.  

 Finally, patent, sometimes, cannot represent real innovation. Recent years have witnessed the 

increase in nonpracticing entities (NPEs), while some firms own patent not for providing products and 

services, but to claim license fees. Due to lack of data, we fail to distinguish whether the patent is for 

commercialization or for litigation.        

5.3 Recommendations for Future Research 



 

Based on the limitations in the prior section, we provide some recommendations for future studies. 

Further studies can focus on using both the patent protection and the trade secret protection, so that their 

data can fully cover all innovation, instead of reported innovation only. The comparisons between patent 

and trade secret should be of interest in the finance studies. Second, it is worth to explore the solutions 

to the truncation bias when using the patent database. Although there are some adjustment methods 

used in the prior research, such as mimicking the historical pattern and using fixed effects, none of these 

can entirely solve the truncation problems. Further studies could also investigate and distinguish the 

nonpracticing entities (also known as patent trolls). Importantly, future research can focus on both the 

patents and the new products or services, to distinguish whether the patent is for commercialization. 

Finally, in addition to product market competition, it would also be interesting to explore the 

technological competition. Overall, many topics and questions are worthy of future research in the area 

of innovation and corporate finance.    
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