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We propose that CEOs with an exploratory mindset, proxied by having a PhD degree, are 

patient at managing innovation, possibly owing to their long-term orientation and strong 

intrinsic motivation. Firms with PhD CEOs produce more exploratory patents with greater 

novelty, generality and originality. PhD CEOs engage less in management for short-term 

results, invest more in R&D and strategic alliances, generate greater value of patents, and 

experience more positive market reactions to R&D alliances. They tend to be hired by firms 

with strong research opportunities but poor financial performance. Evidence from managerial 

incentive shocks and likely-exogenous CEO turnovers suggest that our results are not solely 

driven by CEO-firm matching. PhD firms are on average undervalued and subsequently 

achieve positive abnormal returns and superior long-run operating performance.  
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1. INTRODUCTION 

It has been argued that intrinsic motivation to explore and invent is often more effective than 

extrinsic motivation, in the form of contingent rewards or monitoring, for motivating creative endeavors, 

especially when output is, at least in the short run, hard to measure. As highlighted by Ryan and Deci (2000, 

p. 70), “perhaps no single phenomenon reflects the positive potential of human nature as much as intrinsic 

motivation, the inherent tendency to seek out novelty and challenge, to extend and exercise one’s capacities, 

to explore, and to learn.” Yet, exploration—a key part of the discovery process—is costly. It requires time 

and resources, and has major opportunity costs, including the exploitation of knowledge that has already 

been acquired. Economists (e.g., Manso 2011) have modeled the exploration-exploitation trade-off, and 

psychologists have devoted much effort to investigating what drives people to search for new, perhaps 

better, options and what causes people to terminate search early.  

Recent evidence suggests that individuals’ exploratory efforts are shaped by their time horizons 

(see Hertwig 2015 for a review of the proposed psychological factors) and that a long-run framing of 

decisions promotes greater rationality in value maximization. Wuff, Hills, and Hertwig (2015) find that a 

focus on long-term aspirations promotes greater exploration and increases the selection of options with 

higher expected value. Under short-term aspirations, people search less and have a strong preference for 

obtaining a positive instead of zero payoff in the short term. Similarly, there is evidence that a long-run 

view attenuates several important choice biases, such as loss aversion and reliance on small samples 

(Camilleri and Newell 2013).1 These studies suggest that a long-term mindset induced exploratory efforts 

promote decisions that are closer to optimal.  

A long-term, exploratory mindset can be particularly valuable for a top executive when the firm is 

making investment decisions on projects with long-term value. There are rational reputational sources of 

managerial short-termism (Narayanan 1985; Holmstrom and Ricart i Costa 1986; Stein 1988, 1989; 

                                                           
1 By more appropriately weighting small-probability (rare) events, a long-run decision frame increases the attractiveness, and thus 

the choice, of risky option (Hertwig, et al. 2004). In behavioral economics, the models of Benartzi and Thaler (1995) and Thaler et 

al. (1997) suggest that “narrow bracketing”—framing decisions and evaluating outcomes in a narrow way, such as a brief time 

frame—induces myopic loss aversion, thereby reducing the investor’s willingness to invest in risky assets. 
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Ferreira, Manso, and Silva 2012), which can potentially cause managers to forego long-term, value-

enhancing investments in favor of higher short-term profits. Consistent with this possibility, empirical 

studies have found that managerial time horizon is affected by financial analyst coverage, stock liquidity, 

and institutional investors with short investment horizons (Bushee 1998, 2001; He and Tian 2013; Fang, 

Tian, and Tice 2014). Survey evidence confirms that financial managers report that they would sacrifice 

positive net present value to increase short-term earnings (Graham, Harvey, and Rajgopal 2005).  

Furthermore, exploration requires patience—the ability to defer gratification. Behavioral 

economics has identified present bias (or hyperbolic discounting) as a source of impatience that results in 

suboptimal decisions (Laibson 1997). The problems of present bias and the reputational incentives for 

focusing on short-term results can be especially damaging for the pursuit of innovative projects, which tend 

to pay off only after long delay. It is also hard to succeed by following low-cognition strategies such as 

uncritically adopting conventional viewpoints or routines. So, for such projects especially, it can be valuable 

to have managers who are patient in exploring for high-value projects or solutions to business problems. 

We argue that patience and intrinsic motivation are reflected in executives’ past human capital 

investment choices—whether to pursue doctoral education. Specifically, we argue that having a PhD can 

be a reasonable proxy for the long-term, exploratory mindset. An opportunity cost of doctoral education is 

five or more years that could be spent in an active career that generates monetary rewards. Developing new 

independent research for a dissertation is an exploratory task. As with other exploratory activities, obtaining 

a PhD degree requires considerable patience. This willingness to deferring pay and rewards is pivotal for 

managers to pursue ambitious projects that require long-term experimentation with uncertain outcomes. 

Furthermore, writing a successful dissertation requires hard work and persistence, implying that doctorates 

are driven by strong intrinsic motivation and deeply enjoy the challenging process of exploration.   

We therefore expect that Chief Executive Officers with PhD degrees (PhD CEOs) engage more in 

innovative projects and tend to be hired by firms that have strong innovative opportunities, as these firms 

might seek out innovative CEOs for business needs. We find a positive association between having a PhD 

CEO and firm innovativeness. This does not prove that PhD CEOs cause better innovation. It could instead 
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be that firms with better innovative opportunities hire PhD CEOs, inducing a positive association. We 

provide evidence for such CEO-firm matching. This direction of causality, however, is also consistent with 

our hypothesis that PhD CEOs are appropriate and value-improving for firms that have innovative 

opportunities. To explore whether this positive association is purely driven by the matching, we analyze 

CEO turnovers that are more likely to occur for exogenous reasons (i.e., retirements or health problems) 

and exploit an adverse shock to incentives that is likely to be exogenous to CEO-firm matching, as we 

discuss later. 

Our sample consists of Standard & Poor (S&P) 1500 firms over 1992-2009, among which 9% of 

CEOs with identifiable educational background have obtained PhD degrees. To quantify a firm’s innovation 

productivity, we use the number of patents filed by the firm to the United States Patent and Trademark 

Office (USPTO) in a given year, and the number of citation counts received by these patents (Hall, Jaffe, 

and Trajtenberg 2001). Our baseline results indicate that firms with PhD CEOs obtain 38% more patent 

grants in the next year with 60% more subsequent citations than firms led by non-PhD CEOs, after 

controlling for a well-known set of firm- and CEO-level factors that might affect innovation, and industry 

and year fixed effects. The relation between PhD CEOs and firm innovation appears quite strong. For 

example, the association of PhD CEOs with patenting activity is three times as large as that of Tobin’s Q.  

Exploration is likely to be associated with the discovery of high-quality innovations (Manso 2011). 

We fine-tune our examination of CEO expertise and of innovation by considering three types of citation-

based innovation metrics: innovative novelty, generality and originality. Innovative novelty is the number 

of citations per patent (Seru 2014). Innovative generality measures the extent to which a firm’s patents are 

cited by subsequent patents across a wide set of technology classes, and innovative originality measures the 

extent to which a firm’s patents cites previous patents that span a wide range of technology classes 

(Trajtenberg, Henderson, and Jaffe 1997; Dong, Hirshleifer, and Teoh 2018). We find that patents obtained 

by firms with PhD CEOs score 23%, 3%, and 5% higher on novelty, generality, and originality, 

respectively. Moreover, employing measures of exploratory innovation based on a firm’s knowledge base 
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(Custodio, Ferreira, and Matos 2017) or citation distribution (Balsmeier, Fleming, and Manso 2017), our 

results show that PhD CEOs engage more in exploratory-type innovations. 

As mentioned above, our hypothesis that PhD CEOs promote innovation implies an endogenous 

matching between firms with innovative opportunities and the hiring of innovative managers. The 

association we document between managerial expertise and innovative outcomes can derive from either 

element of our hypothesis—the manager effect (the exploratory mindset causes innovation), or the 

matching effect (high-innovation firms select managers with an exploratory mindset). To investigate 

specifically whether there is matching, we examine the determinants of hiring a PhD CEO. We find that 

the probability of appointing a PhD CEO is increasing with the predecessor being a PhD CEO and with the 

firm’s R&D intensity. Also, the hiring of PhD CEOs is associated with firm stress in the form of poor 

operating performance.2 This result suggests that PhD CEOs may be viewed as well-qualified for rescue 

missions in which firms with innovative positioning need to change course to regain competitive advantage.  

We use two identification strategies to test for the manager effect.3 First, we explore variation in 

the presence of a PhD CEO by analyzing departures of PhD CEOs using a sample that consists of likely 

exogenous CEO turnovers—the result of a planned retirement or caused by a well-specified health problem 

(see similar approaches in Fee, Hadlock, and Pierce (2013) and Custodio and Metzger (2014)). Our results 

show that when a PhD CEO is replaced by a non-PhD CEO, the firm’s patents and citations drop, 

respectively, by 45% and 118% in the next three years compared with a similar instance where a non-PhD 

is succeeding a non-PhD CEO. These tests difference out the selection of non-PhD CEOs and include firm 

fixed effects to control for time-invariant unobserved firm heterogeneity. Moreover, the loss of a PhD CEO 

decreases innovation novelty, generality, and originality by 50%, 8%, and 10%, respectively.  

Second, we exploit exogenous changes in legal environment to test whether PhD CEOs react in a 

way that is in line with their having a long-term focus and intrinsic motivation to explore innovative 

                                                           
2 Full sample results show that firms managed by PhD CEOs tend to have higher R&D intensity and greater growth opportunities 

proxied by Tobin’s Q. This is also consistent with matching of innovative growth firms with PhD managers.   
3 In addition to these two tests, we also show that adding firm-level hiring determinants in baseline regressions to control for the 

matching effect does not change our main results materially. 
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opportunities. Both traits predict that PhD CEOs will be less sensitive to external incentives to do a good 

job in innovative activity. Our instrument is the staggered adoption of antitakeover laws across U.S. states 

during our sample period of 1992-2009. Firms covered by these laws have been found to innovate less 

(Atanassov 2013), supporting the agency view that under weaker market discipline, managers tend to shirk 

and enjoy the quiet life (Bertrand and Mullainathan 2003). Specifically, following Karpoff and Wittry 

(2018), who show that Poison Pill (PP) laws (rather than Business Combination laws) undermine 

innovation, we rely on the enactment of PP laws for identification.  

Consistent with the hypothesis that PhD CEOs are intrinsically motivated to explore, and therefore 

less sensitive to external monitoring incentives, we find that the differences in patents and future citations 

of firms with PhD CEOs relative to other firms increase significantly three years after the adoption of PP 

laws.4 These findings do not support the argument that the positive association between PhD CEOs and 

firm innovation comes entirely from the matching effect. Moreover, since firm characteristics and growth 

opportunities evolve stochastically through time, we expect endogenous matching effects to be strongest 

for newly appointed CEOs (as argued by Hirshleifer, Low, and Teoh (2012)). Nevertheless, we find that 

the relation of PhD CEOs and innovation is robust to the exclusion of firm-years with short-tenured CEOs. 

These tests do not rule out the existence of the matching effect. However, the matching direction of causality 

(i.e., innovative opportunities cause hiring of a PhD CEO) is also consistent with our hypotheses, because 

it indicates that boards of directors believe PhD CEOs are conducive to successful innovation.5   

We then investigate whether PhD CEOs exhibit exploratory behavior, and whether this 

characteristic is associated with better outcomes of their firms. We expect PhD CEOs to engage more in 

                                                           
4 These results control for various potential confounding factors emphasized in Karpoff and Wittry (2018). 
5 We have done several additional tests that are suggestive of a causal effect of PhD CEOs. First, we employ a change-on-changes 

regression specification and a propensity score matching algorithm that allows correcting for selection based upon observed firm 

characteristics. We are not able to incorporate firm fixed effects or firm-CEO fixed effects because, as the analysis on determinants 

indicated, most of the variation in having a PhD CEO arises in the cross section rather than in the time series. Second, to address 

the possibility of omitted variables bias, namely, that having a PhD might simply proxy for greater talent or characteristics (other 

than love of innovation and patience) that induce more innovations, we control for the proxy for CEO innate talent of Falato, Li, 

and Milbourn (2015); for CEO overconfidence following Campbell et al. (2011); for CEO who has previously filed patents 

(inventor CEOs) and relevant work experience before joining the firm; CEO duality and founder CEO dummies to capture CEO 

bargaining power. Our results remain robust. In unreported tests, we verify that our results hold when controlling the general ability 

index of Custodio, Ferreira, and Matos (2017).   
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R&D projects, which generate patents with greater long-term value, and less in activities that can deliver 

immediate short-term results. PhD CEOs might be more willing to accept deferred compensation relative 

to cash bonuses because of their weaker time preferences. Moreover, we expect that the inherent interest of 

PhD CEOs in innovation motivates them to engage in strategic alliances—platforms for learning innovative 

strategies from other firms. Furthermore, we expect PhD CEOs’ long-term and innovative orientations to 

translate into better operating performance in the long term.6 

We start by examining the association between the presence of a PhD CEO and manipulation of 

short-term profits and stock prices. Following the accounting literature (e.g., Kothari, Leone, and Wasley 

2005; Bergstresser and Philippon 2006), we measure earnings management activities using the absolute 

values of total accruals and discretionary accruals (Jones 1991), and real activities manipulation following 

Roychowdhury (2006). We find that firms with PhD CEOs have lower absolute values of total accruals and 

discretionary accruals, and abnormally higher current cash flows. Moreover, firms with PhD CEOs issue 

more equity, which in general is associated with negative stock market reactions, and pay lower dividends 

(the initiation of dividends is on average associated with positive returns). These results support the notion 

that PhD CEOs focus less on short-term results.  

 To investigate PhD CEOs’ time horizons, we first examine their undertakings of R&D projects. 

We find that firms managed by PhD CEOs become increasingly R&D intensive relative to non-PhD firms 

over the next five years. Specifically, PhD firms on average invest 1.6% more in year t + 1, which increases 

to 2.5% in year t + 5, indicating a 56% growth in the R&D intensity differential. This is also the case among 

CEOs under greater external pressure proxied by higher analyst coverage, and more conservative CEOs 

potentially facing greater short-termist career concerns. Such concerns are measured using proxies for 

whether the firm is in a more homogeneous industry, for the manager’s general ability, and the manager’s 

degree of confidence. Among such firms, PhD CEOs still invest substantially more than non-PhD CEOs. 

                                                           
6 This does not imply that all firms should have PhD CEOs, since such superior long-run performance may come at the cost of 

higher current (and future) CEO compensation. 
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This suggests that the exploratory mindset and future orientation foster long-term investments in R&D and 

help reduce short-termist incentives.7 

Second, according to the long run rationality hypothesis, PhD CEOs should favor innovations 

offering higher expected value. We thus compare the value of patents granted to PhD firms with that to 

other firms in the next five years. Patent value is derived from the stock market reactions to the 

announcements of new patent grants during the year (Kogan et al. 2017). We find that the market perceives 

higher value on patent success achieved by PhD firms than by non-PhD firms in each of the following five 

years and that patent value increases by more than 47% over this horizon.  

Third, PhD CEOs’ willingness to defer gratification/exploitation could be inferred from their 

compensation structure, since impatient managers with a high rate of time preference tend to receive a 

relatively high fraction of their pay in salary (Graham, Harvey, and Puri 2013).8 We find that PhD CEOs 

receive substantially more deferred compensation in the form of stock and option grants than non-PhD 

CEOs, and they don’t receive more cash pay. Note that our baseline regressions include controls of CEO 

delta and vega as proxies for incentive compensation (e.g., Lerner and Wulf 2007).9 PhD CEOs are also 

paid more in total compensation than non-PhD CEOs, supporting the efficient contracting framework (e.g., 

Gabaix and Landier 2008) and the value of the exploratory mindset to PhD firms. 

Those with intrinsic motivation to innovate and discover are likely to engage in life-long learning 

endeavors. Strategic alliances or joint ventures create access to networks of learning (Mody 1993; Powell 

et al. 1996) and are vehicles for knowledge acquisition. Firms that enter into an alliance are believed to 

have substantial “intent to learn” innovative strategies (Hamel 1991). We find a strong and positive relation 

                                                           
7 Whether PhD CEOs help achieve greater innovation efficiency than non-PhD CEOs is not clear a priori. PhD CEOs may be 

overly passionate about their research projects and excessively invest in R&D. In our tests in which we control for R&D spending, 

the positive relation between PhD CEOs and innovation productivity is robust to this inclusion. However in unreported tests, we 

find little evidence that PhD CEOs improve innovation efficiency using measures developed by Hirshleifer, Hsu, and Li (2013).  
8 If PhD CEOs have a weaker preference for the present over the future, they should be more willing to accept deferred pay over 

immediate rewards. However, it could also be the case that deferred compensation may be less necessary for PhD CEOs owing to 

their stronger intrinsic motivation to engage in challenging exploration. We find results consistent with the former hypothesis. 
9 An alternative possibility, which our tests do not rule out, is that this form of pay for PhD CEOs is an aspect of incentive 

compensation owing to their being matched with innovation-intensive firms. These firms tend to design long-term CEO 

compensation contracts that tolerate early failure and reward long-term success (Manso 2011; Ederer and Manso 2013).  
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between the presence of a PhD CEO and the number of strategic alliances that the firm forms, particularly 

so for alliances with an R&D agreement. Moreover, announcements of these R&D alliances receive more 

positive stock market reactions, indicating more value creation, relative to those made by non-PhD firms. 

Because R&D spending and some other expenditures on innovative projects tend to depress current 

earnings, shareholders may have trouble distinguishing bad managers from good managers who are 

pursuing long-term objectives. This suggests that PhD firms may tend to be undervalued, so that their stocks 

subsequently outperform. Our results support this conjecture. Using one-year compound benchmark-

adjusted monthly returns (adjusted by size, book-to-market, and momentum), we find that firms led by PhD 

CEOs earn 3.8% to 4.3% higher abnormal stock returns in the next year than other firms. This result is 

robust to alternative measures including market-adjusted returns, and industry- and market-adjusted returns.   

Finally, we test whether PhD CEOs are associated with better long-run fundamental performance. 

Using cumulative change in ROA to gauge improvement in operating performance, we find that in the short 

run firms run by PhD CEOs do not outperform other firms, but that over time, the performance of PhD 

firms becomes increasingly superior. Specifically, the change in ROA of PhD firms is not different from 

that of non-PhD firms in the following year, but it gradually increases to 0.014 (28% of the sample mean) 

and becomes significant (at a 5% level) over a four-year period. This low short-term benefit to have PhD 

CEOs suggests that some firms might fail to recognize the value of PhD CEOs, so that they are under-hired.  

Given the apparent benefits of hiring a PhD CEO, why don’t all firms do so? One possibility is that 

corporate boards or shareholders have a preference for safe projects that generate high short-term profits. 

For example, boards dominated by independent directors may have less appreciation for exploratory efforts 

and moonshots (see Balsmeier, Fleming, and Manso 2017). Alternatively, PhD CEOs may tend to be less 

skilled in other types of activities that do not depend as much on exploration and patience. For example, a 

firm that is oriented toward growth through mergers and acquisitions rather than through internal R&D and 

new discoveries may gain little from the exploratory mind-set of PhD CEOs. Consistent with this 

possibility, we find that stock market reactions to acquisition bid announcements by PhD firms are 0.7% 
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lower, especially among research-intensive firms.10 Lastly, even if PhD CEOs are better overall, their 

compensation levels may be bid up accordingly, making them expensive to hire.11  

There is very little existing evidence on how managerial long-term orientation as a psychological 

trait (via intrinsic motivation to explore and patience) is associated with firm policies and performance, 

with the exception of Graham, Harvey, and Puri (2013) who relate CEO time preference with compensation 

structure. Our paper addresses this issue with a focus on innovation. We expect managerial time horizon to 

be especially important for investing in innovative projects that are slow in generating revenues. There has 

been considerable empirical study of reputational pressures for short-termism in firm policies, with the 

heightened concern that managerial short-termism ultimately undermines long-term firm value (e.g., 

Bushee 1998, 2001; Aghion, Van Reenen, and Zingales 2013; He and Tian 2013). Our evidence suggests 

that a long-term mindset favors projects with greater long-run value. This in turn suggests that intrinsic 

motivation and patience helps ameliorate the consequences of short-termism.  

Our paper contributes to the literature exploring the relation between managers’ psychological traits 

and firm innovation. Existing research has found that overconfident CEOs innovate more, presumably 

because they tend to overestimate expected cash flows or underestimate potential risk (Hirshleifer, Low, 

and Teoh 2012). Sunder, Sunder, and Zhang (2017) use CEOs’ pilot credentials to proxy for sensation 

seeking, the intrinsic interest in seeking novel/adventurous experiences and thrilling moments, and examine 

how this trait relates to innovation. People with PhDs may, if anything, tend to be low on sensation seeking, 

since obtaining a doctorate requires years of quiet study rather than brief episodes of exciting physical 

activity. 

Using stock return volatility to measure firm risk, we do not find evidence that firms with PhD 

CEOs have higher risk—the most salient dimension of sensation seeking, inconsistent with having a PhD 

                                                           
10 An alternative interpretation is that this is further evidence of PhD CEOs’ long-term orientation: they do not focus on quick-hit 

acquisitions whose value will be immediately evident to the market. In unreported tests, we find little evidence that firms with PhD 

CEOs are more likely to engage in mergers than other firms. 
11 PhD CEOs do indeed command a substantial pay premium over non-PhD CEOs. We find a $1.18 million median pay premium 

in the initial total compensation package received by PhD CEOs, where the total pay for the median new CEO is $4.7 million. 
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being just a proxy for sensation seeking. So our research highlights that intrinsic motivation to explore and 

patience in doing so may help foster long-term innovation success.  

There is also past research on CEO educational levels and firm innovation. Past work often assumes 

a linear relationship between the two variables, based on management theory that better educated managers 

have higher cognitive skills and are more receptive to changes (e.g., Hambrick and Mason 1984; Barker 

and Mueller 2002). These studies use small cross-sectional datasets—for example, firms in either 1989 or 

1990 from the Business Week 1000 lists in Barker and Mueller (2002)—and often find mixed evidence.12 

Previous research on this topic is almost always limited to measuring innovation solely by a firm’s R&D 

expenditures and has generally not considered the possibility of firm-CEO matching as a driver of the 

results. 

Our study differs in several ways. We use a much larger panel dataset with 2,682 CEOs, which 

allows us to explore the time series variation in education types of CEOs. By doing so, we provide evidence 

about the important issue of whether there is a matching between PhD CEOs and innovative firms. Our 

study thus helps explain why certain types of CEOs are hired in specific situations—a question that still 

remains largely unknown in the extant literature (but see Graham, Harvey, and Puri 2013). We also predict 

and find that firms run by PhD CEOs exhibit better long-term performance. This is another key difference 

from previous studies, which focus exclusively on short-term firm performance (i.e., within a year) to 

examine the role of CEO education (Jalbert, Rao, and Jalbert 2002; Gottesman, and Morey 2006; Bhagat, 

Bolton, and Subramanian 2010).13 

Finally, we join the broader literature on how managerial styles and characteristics shape corporate 

policies (Bertrand and Schoar 2003; Graham, Harvey, and Puri 2013). For example, CEO general ability 

                                                           
12 Daellenbach, McCarthy, and Schoenecker (1999) use a sample of 52 firms and find no little evidence on the relation between 

CEO educational levels and corporate R&D, measured as the three-year average of R&D/sales using data of 1991–1993. Barker 

and Mueller (2002) draw a sample of 172 firms and conclude that CEO education does not matter for R&D investment once a CEO 

has attended a college. Our study draws upon data for S&P 1500 firms covered by Execucomp over 1992–2009. Our sample is thus 

much larger, consisting of 1,576 firms and 12,895 firm-year observations. 
13 These studies have examined CEOs with MBA or law degrees and the reputation of graduating institutions, but found limited or 

mixed evidence on the associations of these factors and short-term firm performance. Chaudhuri et al. (2017), however, discover 

that investment products managed by PhD managers yield higher returns than those by non-PhD managers, after accounting for 

the management fee. 
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might be conductive to innovation (Custodio, Ferreira, and Matos 2017). CEOs with military backgrounds 

are associated with more conservative financial policies and fewer fraudulent activities (Benmelech and 

Frydman 2015). Firms run by a CEO with legal expertise experience less corporate litigation (Henderson 

et al. 2017). We add to this literature by showing that having an exploratory and future-oriented CEO can 

help innovation-intensive firms create long-term value.  

 

2. DATA AND METHOD 

2.1. Sample Construction 

The sample examined here is compiled from a number of data sources. We begin with all U.S. 

incorporated industrial firms covered in S&P ExecuComp database from 1992 to 2009. Industrial firms are 

defined as companies with SIC codes outside the ranges 4900-4949 (utilities) and 6000-6999 (financials). 

ExecuComp provides information on CEOs and annual compensation details such as stock and option 

grants. We manually match the CEOs identified in ExecuComp with the BoardEx database to extract data 

on CEO employment history and educational background.14 Patent-level information, including number of 

citations and patent value, comes from the patent database constructed by Kogan et al. (2017), which covers 

patent grants and citations up to 2010. Data on patent technology classes and inventors are drawn from the 

latest version of the Harvard Business School (HBS) patent and inventor database (see Li et al. 2014). 

We then collect accounting data from Compustat North America Annual files, stock return data 

from Center for Research in Security Prices (CRSP) files, institutional holdings data from Thomson’s 

CDA/Spectrum database (form 13 F) and deal information of strategic alliances and M&As from Securities 

Data Company (SDC). In addition, we extract information on firm historical headquarters location and state 

of incorporation from Securities and Exchange Commission (SEC) filings and obtain analyst coverage data 

from Institutional Brokers' Estimate System (I/B/E/S). Firms are required to have positive total assets and 

                                                           
14 BoardEx is a proprietary database provided by Management Diagnostic Limited, which is a private research company 

specializing in collecting company social network data including a CEO’s past or current employers, business relationships, 

organization affiliations, boards served, past universities attended, and degrees achieved. 
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positive sales to be retained in the sample. We further exclude firms that do not have securities assigned a 

CRSP security code of 10 or 11. After merging all of the databases, imposing the sample screens, and 

deleting observations with missing values on main controls, the final sample consists of 2,682 CEOs from 

12,895 firm-year observations over the period of 1992–2009.15 

 

2.2. Variable Measurement 

2.2.1. Identifying PhD CEOs 

To identify CEOs with PhD degrees, we use the director education file in BoardEx, which contains 

information on CEOs’ graduating schools, degree types (i.e., undergraduate, Master, or PhD), and 

graduation years. We first carefully examine and look up over 900 different types of degrees recorded in 

the file. For each CEO, we search the qualifications containing keywords "Doctor," "Doctorate," 

"Doctoral," "Dr," "DPhil," "PhD," and "Postdoctoral." However, sometimes the major information is 

indicated from the degree in an abbreviated form without containing any of these keywords.16 The following 

are illustrations for PhD in Engineering, Science, or Medicine: "PharmD," "DDM," "DDS," "DEng," 

"DMSc," "DPM," "DSc," "DM," "DMD," "DHA," "DVM," "MD," "ScD" and "VMD."  

For each CEO, we also collect available information on the employment history, including dates 

of the employment and the role title. In almost all of the cases, PhD degrees are obtained during the years 

predate the current employment years.17 Out of 2,682 distinct CEOs in the sample, 226 CEOs hold PhD 

degrees; these CEOs are thus classified as PhD CEOs, and all others are non-PhD CEOs. The fraction of 

PhD CEOs in the sample is similar to those reported in Cohen, Frazzini, and Malloy (2008). A possible 

source of noise comes from the fact that some non-PhD CEOs do have an exploratory/long-term mindset. 

                                                           
15 As there is a 2-year lag between patent application and patent grant (Hall, Jaffe, and Trajtenberg 2001), we have double-checked 

and found that our results are robust to excluding the last two years of the sample period.  
16 The data on major of each degree seem incomplete. This happens to undergraduate-level and master-level degrees as well. For 

those with available information, we look up the qualifications in “Google search” to determine the degree major, and then classify 

all the fields of study into five categories: Engineering and Science, Business, Medicine, Law and others.  
17 To be conservative, we drop the observations that graduation years of doctorate are after the current employment years. For 

example, Philip M. Condit, who received a PhD in engineering from the Tokyo University of Science in 1997 and was the CEO of 

the Boeing Company from 1996 to 2003.  
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Measurement noise in the PhD characteristic as a proxy for the exploratory mindset tends to cause an 

attenuation bias toward zero in our estimates of such effect, thus providing a lower bound of the effect.  

 

2.2.2. Measuring Innovation 

We assess a firm’s innovation activity from a number of aspects: resource input, output, quality, 

impact, and market value. The input to innovation is proxied by annual R&D spending scaled by book 

assets. Other innovation measures are constructed using data from the patent databases of Kogan et al. 

(2017) and HBS, as described below. 

The first measure of innovation output is the number of patents filed by a firm to the United States 

Patent and Trademark Office (USPTO) in a given year that are eventually granted. The second measure 

that more precisely captures the economic importance of the firm’s patent portfolio is the total number of 

patent citations calculated as the sum of citations received by all patent applied by the firm in a year 

(Trajtenberg 1990). One concern is the time truncation bias of the citations because patents granted during 

later years of the sample period have less time to accumulate citations. As the standard procedure to adjust 

this bias (Hall, Jaffe, and Trajtenberg 2001, 2005), we scale the citations of each patent by the average 

citations of patents in the same technology class and year. The resulting total number of adjusted citation 

counts is the sum of the adjusted citations across all patents filed by a firm during the year. 

To gauge innovation quality and impact, we employ three measures: novelty, generality and 

originality. Following Seru (2014) and Dong, Hirshleifer, and Teoh (2018), we use the number of citations 

per patent as a way to capture novelty. A patent with higher generality indicates that the patent is cited by 

subsequent patents across a wider set of technology fields and thus has a more widespread influence on 

future innovations. Specifically, generality of a patent is defined as one minus the Herfindahl concentration 

index based on the percentage of future citations of patents in other technology classes that cite the patent 

(Trajtenberg, Henderson, and Jaffe 1997). A similar measure is originality, which is defined as one minus 

the Herfindahl concentration index based on the fraction of citations of patents in other technology classes 
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that are cited by the patent. A patent is more original if it cites previous patents that span a wider range of 

technology classes, indicating a higher level of recombination and origination.  

Lastly, we adopt the measure of patent value developed by Kogan et al. (2017). Accordingly, the 

market value of new patents during the year is calculated as the three-day market-adjusted cumulative 

abnormal returns surrounding patent approval dates multiplied by the firm’s market capitalization prior to 

the announcements. We also calculate the average market value of a new patent. It is worth noting that we 

follow the literature and code innovation measures to zero for firm-years without patent-related 

information. Also, all regressions incorporate fiscal year fixed effects to further mitigate the potential time 

truncation issues (Hirshleifer, Low, and Teoh 2012).    

 

2.2.3. Control Variables 

We incorporate a number of firm and CEO characteristics that are likely to affect firms’ innovative 

behavior. Older CEOs tend to be more conservative, and younger CEOs more aggressive in corporate 

growth strategies. Longer-tenured CEOs might have little incentives to innovate because the payoff from 

an innovation might not be realized before their retirement (Barker and Mueller 2002). We therefore control 

for CEO age and CEO tenure. To account for the relation between CEO incentives and firm innovation, we 

control for CEO delta and CEO vega of the option holdings, which are computed using the one-year 

approximation method of Core and Guay (2002).18 CEO delta is a measure of CEO’s incentives to increase 

stock price and thus maximize shareholder wealth, and CEO vega is a proxy for the risk-taking incentives.19 

CEO stock ownership accounts for the situations where CEOs with greater at-risk wealth in firms might be 

more willing to develop innovative projects (Barker and Mueller 2002). We also create indicators for CEOs 

with an MBA degree or law-related degrees.  

                                                           
18 This method is also used by Coles, Daniel, and Naveen (2006). 
19 CEO delta is defined as the dollar increase in the CEO’s wealth for a 1% increase in stock price. CEO vega is the dollar increase 

in the CEO’s option holdings for a 1% increase in stock return volatility. 
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Firm-level controls include Size, Age, Tobin’s Q, Stock return, Leverage, and Tangibility, as 

innovative firms are usually younger, smaller, and associated with higher growth opportunities, lower 

leverage and lower asset tangibility. To mitigate the possibility that past operating performance might 

influence a firm’s innovation ability, we include Sales growth. Lastly, as Bushee (1998), and Aghion, Van 

Reenen, and Zingales (2013) show that institutional ownership affects managers’ innovation incentives, we 

calculate the fraction of shares held by institutions over the fiscal year. Variable definitions are described 

in the Appendix Table A.1. All continues variables are winsorized at the 1st and 99th percentiles. Dollar 

values are CPI adjusted into 2006 dollars. 

 

2.3. Descriptive Statistics 

 Panel A of Table 1 presents the summary statistics for the full sample. The sample exhibits 

comparable characteristics as in the literature (e.g., Hirshleifer, Low, and Teoh 2012). The average firm has 

27 granted patents every year, and these patents receive a number of 343 raw citations, or 33 adjusted 

citations. Moreover, the average patent has been cited by 6 times with a generality score of 0.15 and 

originality of 0.22. The annual market value of patents is $1,219 million, with each valued at about $18 

million. The medians of innovation variables are all zero, suggesting that the distributions of these variables 

are right skewed. To mitigate the impact of the right skewness, we use the natural logarithm of patents, 

citations, and citations per patent as the dependent variables in the analysis, and employ a Tobit model so 

that firm-years with zero values for the dependent variables are left censored at zero.  

 Turning into CEO characteristics, we observe that 9% firms having CEOs with PhD degrees, 30% 

with an MBA, and 6% with law-related degrees. The average CEO is 55 years old and has been in office 

for 7.63 years. The means of CEO delta and vega are $1.50 million and $0.15 million, respectively. The 

means of total compensation, and salary and bonus, are $5.28 million and $1.35 million, respectively; the 

medians are $2.78 million and $0.95 million, respectively. An average CEO has 3% of stock ownership, 

43% equity-based compensation relative to total pay, which is about $3.31 million. 
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 Panel B reports the descriptive statistics for subsamples of firms with and without PhD CEOs. 

Consistent with our argument, PhD firms display significantly better innovation performance than non-PhD 

firms. An average PhD firm has 16 more patents than a non-PhD firm (41 vs. 25), about twice as many raw 

citations (613 vs. 316), and 21 more adjusted citations (52 vs. 31). PhD firms’ patents are on average more 

novel based on citations per patent (11 vs. 6), more general (0.24 vs. 0.14), and more original (0.32 vs. 

0.21) than those of non-PhD firms. PhD firms have higher R&D intensity (0.07 vs. 0.03). All differences 

are significant at a 1% level based on the Wilcoxon rank sum tests. PhD firms also engage in more strategic 

alliances, especially R&D-related alliances.  

For manager characteristics, PhD CEOs are much less likely to hold an MBA degree but more 

likely to have law degrees, have longer tenure, and are older than non-PhD CEOs. An average PhD CEO 

has lower delta but higher vega, and earns $1.31 million more in total compensation ($6.46 vs. $5.16 

million) with less salary and bonus but more stock and option grants ($4.50 vs. $3.19 million), than a non-

PhD executive. Firms with PhD CEOs are larger but younger with fewer tangible assets, higher Tobin’s Q, 

higher sales growth, lower leverage and higher stock returns than other firms.  

 Panel C describes the distribution of firm-years with and without PhD CEOs across the Fama 

French 12 Industry classification.20 PhD CEOs are more prevalent in the business equipment sector (38%) 

and the health sector (24%), which are highly innovative sectors.  

 

2.4. Empirical Methodology 

We estimate the following baseline regression to investigate whether firms with PhD CEOs 

innovate more: 

Innovationi,t + 1 = α + β1 PhD CEOi,t + β’ Xi, t + εi,t + γj + dt ,   (1) 

where i indexes firm and t indexes fiscal year. The dependent variable is one of the measures of a firm’s 

innovation activity as discussed earlier. In most cases, each regression is estimated with a Tobit model. 

                                                           
20 See http://faculty-gsb.stanford.edu/deHaan/documents/industries_ff12.txt 
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Since these measures are forwarded by one year, we exclude firms that have new CEOs in the next year. 

The key variable of interest is PhD CEO, a dummy variable equal to one if the CEO holds doctorate degrees, 

and zero otherwise. X is a vector of CEO- and firm-level controls including CEO MBA degree, CEO law 

degree, Size, ln (age), Tangibility, Tobin’s Q, Sales growth, Leverage, Stock return, Institutional ownership, 

ln(CEO tenure), ln(CEO age), ln(CEO delta), ln(CEO vega) and CEO stock ownership. Equation (1) 

includes industry (γj) and year fixed effects (dt), where industries are defined at the two-digit SIC code level. 

Standard errors are clustered at the firm level. 

 

3. THE EXPLORATORY MINDSET, PHD CEOS, AND INNOVATION 

3.1. Baseline Results   

Table 2 reports results analyzing whether firms managed by PhD CEOs achieve greater innovation 

performance. The dependent variable is the natural logarithm of one plus the number of patents filed by a 

firm in the next year. Model (1) in Panel A presents that the estimated coefficient of PhD CEO is 0.653 (t 

= 4.25). The estimated marginal effect of PhD CEO is 0.32 conditional on the uncensored observations, 

implying that among the firms with patenting activity, firms with a PhD CEO apply for and are subsequently 

granted 38% (= е0.32 − 1) more patents than other firms. In comparison, one standard deviation increase in 

Size or Tobin’s Q is associated with a 56% or 13% increase in the number patents among the uncensored. 

Hence, the association of PhD CEOs and firm patenting appears to be economically meaningful.  

We next turn to the number of citations that a firm has received on its patents to examine whether 

innovation produced by PhD firms are of greater economic importance. The results in models (2)–(3) show 

that PhD CEOs are associated with 60% more subsequent raw citations (t = 3.94) and 38% more adjusted 

citations (t = 3.91) than non-PhD CEOs, conditional on being cited. To glean more insight on the nature 

and impact of each innovation, we investigate innovative novelty, generality and originality. The results in 

models (4)–(6) show that each patent applied by PhD firms receives 23% more citations (t = 3.65), and 

scores 3% higher on generality (t = 3.43) and 5% higher on originality (t = 3.56) than that by other firms.  
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We then formally test whether firms led by PhD CEOs engage more in exploratory innovation. 

Motivated by Custodio, Ferreira, and Matos (2017), we define a patent as exploratory if at least 60% (or 

alternatively, 80%) of its backward citations are based on new knowledge that is outside of the existing 

knowledge base, which consists of the firm’s patent portfolio and all the patents cited by the firm's patents 

filed in the past five years. Following Balsmeier, Fleming, and Manso (2017), we also utilize citation 

distributions to investigate exploratory behavior based on the idea that more exploration should result in 

more innovations in the two tails of the citation distribution—highly cited and failed innovations. We thus 

calculate the total number of patents that fall in the top 5% or 10% of the citation distribution in the 

corresponding three-digit technology class and application year, and the number of uncited patents.  

In Panel B of Table 2, the coefficients on PhD CEO are all positive and significant at the 1% level 

using these measures. The presence of a PhD CEO is associated with 28% or 26% more exploratory patents 

(models 1-2), 10% to 23% more highly cited patents (models 3-4), and 15% more uncited patents (model 

5), consistent with our hypothesis that PhD CEOs are more willing to pursue exploratory activities.    

Among the controls, there is limited evidence on whether CEOs with an MBA degree increase firm 

innovation. CEOs with law degrees significantly hinder future innovation. Across the specifications, firm 

innovation activity is positively associated with firm size, Tobin’s Q and CEO vega, and is negatively 

correlated with leverage, CEO age, and CEO delta. These findings are consistent with previous literature 

(e.g., Hirshleifer, Low, and Teoh 2012). 

 

3.2. Endogenous CEO-Firm Matching and Causality 

The evidence so far supports two interpretations as stated in our hypotheses: that PhD CEOs engage 

in more innovative projects, and that firms with promising innovative projects are more prone to hire a PhD 

CEO owing to their intrinsic motivation to explore and their future orientation. The familiar fact that PhD 

CEOs are concentrated in innovative industries is consistent with such assortative matching. We now 

formally test whether the predicted matching effect is present and investigate whether our results are purely 

driven by the matching mechanism.      
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3.2.1. Determinants of Hiring 

To examine the determinants of hiring PhD CEOs, we construct a subsample containing firm-years 

with new CEOs following the procedure illustrated in Cremers and Grinstein (2014), and run a Logit model 

on the sample of 1,234 hiring events. The dependent variable equals one if the new CEO holds PhD degrees 

and zero otherwise. Panel A of Table 3 presents the findings. 

Model (1) includes a dummy indicating whether the predecessor is a PhD CEO. The result shows 

a positive coefficient on lagged PhD CEO (significant at a 1% level), indicating that a firm is more likely 

to appoint a PhD CEO if the predecessor also has PhD degrees. As such, firm fixed effects may be a poor 

match for the empirical investigation here because most of the variation arises in the cross-section rather 

than in the time-series. In other words, the relation between firm innovation and the presence of a PhD CEO 

is strong in the cross-section but not very evident in the time-series. Moreover, later analysis shows that 

PhD CEOs have longer tenure and lower frequency of changing jobs, all suggesting that the presence of a 

PhD CEO in the firm is quite stable.21   

Consistent with our conjecture that there is matching between innovative firms and PhD managers, 

model (2) finds that past innovation investment measured by lagged R&D intensity significantly and 

positively predicts the likelihood of appointing a PhD CEO. This implies that PhD CEOs’ skills and 

expertise might be particularly valuable for firms with strong innovative opportunities. When we include 

proxies for industry-adjusted financial and stock market performance in models (3)–(6), we find that firms 

with lower profit margin than industry peers and with lower market-adjusted returns are more likely to 

appoint PhD CEOs. These findings suggest that PhD CEOs may be viewed as well-qualified for turn-

arounds in which innovative firms need to change course in order to regain competitive advantage.  

To address the possibility that the presence of a PhD CEO might be capturing the effects of research 

intensity and/or underperformance, we rerun our baseline regressions while controlling these hiring 

                                                           
21 This finding, combined with the result that PhD CEOs earn a pay premium, suggests that firms systematically value their strong 

motivation or patience. 
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determinants—R&D, industry-adjusted profit margin and market-adjusted return. The results are reported 

in Panel B of Table 3. The coefficients on PhD CEO remain mostly significant at the 1% level for all of the 

innovation outcomes.  

 

3.2.2. Likely-Exogenous CEO Turnover  

We next examine how departures of PhD CEOs that are especially likely to be exogenous relate to 

subsequent innovative performance of their firms. To do so, we construct a matched sample using likely 

exogenous CEO turnover events identified by Eisfeldt and Kuhnen (2013) for the period of 1992-2006. 

Accordingly, turnovers are classified as exogenous if they were planned retirements (i.e., being announced 

at least six months before the succession), or caused by a specified health problem. These events may not 

be completely exogenous, since a manager may choose when to retire for performance-related reasons but 

use a health problem as the public explanation. However, this sample of turnovers is much less subject to 

endogenous selection than a general turnover sample.    

To focus on exogenous departures of PhD CEOs, our treated firms are those replacing a PhD CEO 

(the incumbent) with a non-PhD CEO. Our control group is formed based on the remaining exogenous 

turnovers in which a non-PhD is succeeding a non-PhD CEO. Since both the treatment and control groups 

appoint non-PhD CEOs, this should facilitate a cleaner test (by differencing out the endogenous selection 

of a non-PhD CEO). We then require a matched firm to be in the same industry as the treated firm and have 

comparable firm size (i.e., with a size difference being less than 20% of the treated firm). We are able to 

obtain 104 control events and 19 treatment events. Our panel contains observations from three years before 

and three years after each turnover case, without including the transition year to minimize potential noise 

on our coefficient estimates. Using this sample, we run an OLS regression specified as follows:  

Innovationi,t + 1 = α + β1 PhD CEO (Incumbent)i,t × Post CEO Departurei,t 

+ β2 Post CEO Departurei,t + β’ Xi,t + δ’ Hi,t + εi,t + θi + dt ,         (2) 
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where the dependent variable is one of the innovation outcome measures for firm i in year t + 1. PhD CEO 

(Incumbent) takes the value of one if the incumbent is a PhD CEO and is replaced by a non-PhD CEO. Post 

CEO Departure is an indicator equal to one for post-turnover years. The key variable of interest is the 

interaction of PhD CEO (Incumbent) and Post CEO Departure. The coefficient on this interaction, β1, 

reflects the impact of an unexpected loss of a PhD CEO on the following innovation performance of the 

firm. X is the same set of controls as in Equation (1). H is a vector of hiring determinants as found in Table 

3, as these factors might be specific to PhD firms and correlated with post-turnover innovation performance. 

Because we now have exogenous variation in PhD CEO (Incumbent), we are able to incorporate 

firm fixed effects (θi) to increase our confidence that the coefficient on this variable is not simply picking 

up any fixed, unobserved sources of heterogeneity within a given firm. Equation (2) also includes year fixed 

effects (dt) as we do before. We do not include a separate control for treated firms since the tests already 

include firm fixed effects. Standard errors are clustered by firm. 

 Table 4 shows the estimated results. In all six specifications, the coefficient on the interaction term 

is consistently negative; it is significant at the 5% level for ln(patents), ln(citations), Generality and 

Originality, and at the 10% level for ln(adjusted citations) and ln(citations/patent). Regarding the economic 

magnitude of the effect, models (1) and (2) find that patents and citations drop by, respectively, 45% and 

118% for firms switching from PhD to non-PhD CEOs. In models (4)–(6), we find that losing a PhD CEO 

is associated with decreases in innovation Novelty, Generality, and Originality by 50%, 8%, and 10%, 

respectively. Thus, departures of PhD CEOs for ostensibly exogenous reasons are associated with 

substantial deterioration of firm inventiveness. These results help distinguish the two interpretations of our 

baseline findings by providing an indication of a likely effect of PhD CEOs. 

 

3.2.3. Adverse Shocks to Incentives: Evidence from State Antitakeover Laws 

Next, we explore an exogenous shock to test whether the exploratory mindset driven by intrinsic 

motivation and long-term focus causes PhD CEOs to react differently from other CEOs to shifts in 

disciplinary incentives. These traits predict a consistent, long-term innovative behavior regardless of how 
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external incentives, in the form of monitoring, may vary. The benefit of this analysis is that the matching 

between CEOs and firms is likely to be exogenous with respect to the occurrence of external shocks.  

Specifically, we exploit staggered adoption of antitakeover laws by U.S. states that increases 

takeover protection, and as a result, weakens managers’ incentives to innovate. Atanassov (2013) finds that 

firms incorporated in states that enact a Business Combination antitakeover law innovate less, supporting 

the moral hazard (or agency) view that in the absence of sufficient monitoring, managers will shirk, waste 

funds on pet projects, or overinvest in routine tasks that are less challenging to enjoy a quiet life (Bertrand 

and Mullainathan 2003). The threat of hostile takeovers can act as an important discipline mechanism to 

mitigate these problems. If PhD CEOs are intrinsically driven, then they should be affected less by the 

weaker monitoring. So the difference between how much they undertake innovative projects versus non-

PhD CEOs should increase when monitoring weakens. 

Confirming the broad conclusion that takeover protection undermines innovation, Karpoff and 

Wittry (2018) recently carry out much improved and comprehensive specification tests and find that the 

effect is mainly attributable to the Poison Pill laws—laws that grant firms the authority to adopt poison pill 

takeover defenses and make these defenses more secure under court action.22 Following their 

recommendations, we focus on Poison Pill laws in our tests, while controlling for other major types of 

second-generation antitakeover laws and various high-dimensional fixed effects. Specifically, our tests take 

the following form: 

Innovationi,j,l,s,t + 3 = α + β1 Poison Pill (PP) Laws,t × PhD CEOi,t + β2 Poison Pill (PP) Laws,t  

+ β3 PhD CEOi,t + β’ Xi,t + δ’ Li,s,t + εi,j,l,s,t + θi + γj × dt + λl × dt + ωs ,         (3) 

where the dependent variable is the innovation productivity for firm i in year t + 3 (because the laws might 

affect innovation with a lag, as suggested in Atanassov (2013)); firm i is in industry j, headquartered in 

                                                           
22 If a poison pill defense is executed, it can dilute a hostile bidder’s toehold stake significantly by allowing current shareholders 

to buy additional stocks at a deeply discount price, and as a result, increases the bidder’s acquisition costs. It has been argued that 

poison pills are particularly effective takeover defenses, but their legal status remains ambiguous until passage of a poison pill law, 

see Amalgamated Sugar Co. v. NL Industries (644 F. Supp. 1299, S.D.N.Y. 1986) for the declaration of the illegal status of a poison 

pill in New York. 
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state l, and incorporated in state s. Poison Pill (PP) Law is an indicator equal to one if a poison pill law is 

enacted in the firm’s state of incorporation in a given year, and zero otherwise.  

The key variable of interest is the interaction of Poison Pill (PP) Law and PhD CEO—the 

difference-in-difference-in-differences (DiDiD) estimator. The coefficient on this interaction, β1, evaluates 

whether firms run by PhD CEOs respond differently to the passage of Poison Pill laws. X is a vector of 

baseline controls as in Equation (1). L is a vector of other major types of antitakeover laws including 

Business Combination (BC) Law and Directors’ Duties (DD) Law. Since our sample starts from 1992, none 

of the states passed a control share acquisition (CS) law or fair price (FP) law during this period. The 

adoption dates of antitakeover laws are from Karpoff and Wittry (2018). The information on firm historical 

state of incorporation and headquarters location is extracted from SEC filings in the EDGAR database.  

Equation (3) controls for state of incorporation fixed effects (ωs) to reduce the confounding effects 

of CS laws, FP laws, court decisions in the 1980s, and the first-generation antitakeover laws prior to 1982 

(see detailed discussion in Karpoff and Wittry (2018)). We also include firm fixed effects (θi) to account 

for unobserved time-invariant firm-specific heterogeneity. Finally, we incorporate Industry × Year (γj × dt) 

and State of Headquarters × Year fixed effects (λl × dt) to ensure that our findings are not driven by 

unobserved time-varying industry- or state-wide heterogeneous factors.23 Standard errors are clustered at 

the state of incorporation level to allow correlation of the error terms within each state. 

Panel A of Table 5 presents the OLS estimation results. In model (1), in which we estimate Equation 

(3) with the dependent variable of ln(patents), the coefficient on Poison Pill (PP) Law × PhD CEO is 0.547 

(t = 3.71), suggesting that affected PhD CEOs produce 73% more new patents three years after the adoption 

of Poison Pill laws than other CEOs. As a robustness check, model (2) does not include baseline controls 

and shows a coefficient of 0.518 (t = 3.42), alleviating the concern that the inclusion of endogenous controls 

might bias the result. Models (3)–(4) report estimation results of ln(citations) with and without baseline 

controls. We again find positive and significant coefficients of 0.639 (t = 4.82) and 0.606 (t = 3.88) on the 

                                                           
23 For example, Cornaggia et al (2015) show that the deregulation of interstate bank branching laws that promote banking 

competition reduces state-level innovation by public firms. 
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interaction term, suggesting that affected PhD CEOs receive 83% more citations than other CEOs. We find 

similar results when using ln(adjusted citations) as reported in models (5)–(6).  

We then estimate a more stringent specification based on Equation (3), which further includes State 

of Incorporation × Year fixed effects, to control for any contemporaneous changes in unobservable factors 

at the state of incorporation level. The indicators for the adoptions of antitakeover laws are omitted because 

of multi-collinearity. Panel B shows that the coefficient on our DiDiD indicator remains similar in 

magnitude and significant at the 1% level for ln(patents), ln(citations) and ln(adjusted citations), 

confirming that the differences in undertaking innovation projects for affected PhD CEOs relative to 

affected non-PhD CEOs increase after the adoption of a PP law in the state. These findings support our 

conjecture that intrinsic interest in exploration motivates PhD CEOs to continue undertaking innovative 

projects over the long-run when market discipline and monitoring are weakened, in contrast to other CEOs 

who, might be mostly driven by extrinsic incentives, tend to shirk and prefer to enjoy the quiet life.24  

 

3.3. Additional Endogeneity Tests 

We provide additional corroborative evidence in the Internet Appendix. First, we implement a 

change-on-changes regression, which allows us to directly answer question of how the variation of CEO 

types within a firm explains its subsequent variation in innovation outputs. This specification differences 

out time-invariant unobserved firm heterogeneity and therefore helps mitigate endogeneity concerns. The 

coefficient of Δ PhD CEO measures how changing from a non-PhD to a PhD CEO relates to the firm’s 

following change in innovation performance. We include changes in control variables in our estimations. 

Table IA.1 presents the OLS regression results for changes in the six innovation measures. The coefficients 

on Δ PhD CEO are all positive and mostly significant at the 1% level, suggesting that switching from a 

non-PhD to a PhD CEO is associated with an increase in the firm’s future innovativeness.  

                                                           
24 In unreported tests, we find that the coefficients on the Poison Pill (PP) Law × PhD CEO are insignificant for citations per patent, 

generality, and originality measured in year t + 3, suggesting that while PhD CEOs increase innovation quantity and quality 

subsequent to the passage of poison pill laws, these CEOs do not change the underlying nature of innovation as a response to the 

legal changes in the takeover environment.  
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Second, we conduct a propensity score matching analysis by comparing the innovation patterns of 

firms that hired PhD CEOs and comparable firms with a similar likelihood of appointing PhD CEOs but 

did not do so (the counterfactuals). Using the sample of new CEOs, we first estimate a Logit model with 

all the determinants examined in Table 3 to generate the likelihood (i.e., propensity score) of hiring a PhD 

CEO. Then, each PhD firm (treated firm) is matched, with replacement, to firms hiring non-PhD CEOs 

with the propensity scores within ± 1% of each other. Panel A of Table IA.2 reports the balance tests of 

firm characteristics at the time of hiring for the two groups. The matching process appears quite successful 

as it has removed most of the observed differences in the two subsets of firms when hiring CEOs. Panel B 

presents the results of multivariate tests using OLS estimation. Our results remain robust to this approach.25 

Third, we examine whether our results hold for firms that are relatively less prone to the 

endogenous matching. Following Hirshleifer, Low, and Teoh (2012), we exclude firm-years in which CEOs 

have been employed for less than three years or five years so that the true management style is allowed to 

“imprint” on a given company (Bertrand and Schoar 2003). Since the possession of PhD degrees is a 

persistent trait, but firm characteristics are time-varying, the matching between certain CEO traits and a 

firm’s opportunity sets tends to be strongest for new CEOs. As reported in Panels A and B of Table IA.3, 

our results remain strong after applying these exclusions. Collectively, these results suggest that the 

observed findings are unlikely to be driven solely by the endogenous selection between CEOs and firms. 

 

4. PHD CEOS AND DECISION TIME HORIZONS 

4.1. Short-Term Performance Manipulation  

We next explore potential mechanisms through which PhD CEOs are better innovators by 

investigating their short- and long-term behaviors. We start with the propensity to manipulate short-term 

financial performance by examining earnings management activities and financial policies that can 

immediately affect stock prices. Following the accounting literature (e.g., Kothari, Leone, and Wasley 

                                                           
25 The results hold when we use different cutoffs (e.g., using 2.5% or 5% as the radius) for propensity score matching. 
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2005; Bergstresser and Philippon 2006), we compute the absolute values of total accruals using balance 

sheet approach and discretionary accruals derived from the modified Jones model (Jones 1991) that adjusts 

for operating performance. In addition to accrual-based earnings management, we also investigate real 

activities manipulation using approaches developed by Roychowdhury (2006). Accordingly, firms with 

high absolute values of accruals, abnormally low cash flows, abnormally high production costs and 

abnormally low discretionary expenditures are more likely to manage current earnings. The construction of 

these variables is described in greater detail in Appendix Table A.1.   

The results presented in models (1)–(5) of Table 6 reveal that PhD firms engage less in earnings 

management activities, after incorporating firm- and CEO-level controls, and industry and year fixed 

effects. Specifically, having a PhD CEO is associated with decreases in the absolute values of total accruals 

of 14% (t = −3.48) and discretionary accruals of 10% (t = −2.73), and an increase of abnormal cash flows 

of 15% (t = 2.12), relative to the means of non-PhD firm sample (models 1-3). There is little evidence that 

PhD CEOs tend to overproduce inventory such that they can increase earnings by reducing cost of goods 

sold, or cut discretionary expenditures (defined as R&D, advertising, and SG&A expenditures) to inflate 

current earnings.  

  Turning to financial policies that often affect short-term stock prices, firms with PhD CEOs issue 

more equity (model 6), supporting our idea that PhD CEOs focus less on the on-average-negative stock 

market reactions to the announcements of seasoned equity offerings. Share buybacks and dividend increases 

are often used to generate immediate shareholder returns. Models (7)–(8) find that PhD CEOs do not 

repurchase more shares and pay 30% lower dividends (t = −4.16) than non-PhD CEOs. These results 

support the notion that PhD CEOs engage less in activities that can deliver immediate short-term results.  

 

4.2. PhD CEOs’ Long-term Behaviors 

We have hypothesized that PhD CEOs are strongly intrinsically motivated and future oriented, 

which implies superior long-term performance at firms that have strong innovative growth opportunities. 

We therefore expect PhD CEOs to engage more in R&D projects that will create greater long-term value. 

 Electronic copy available at: https://ssrn.com/abstract=3378057 



27 

 

As a result, they tend to receive more deferred compensation over immediate cash bonuses, both because 

of their time preferences, and because they are hired to develop more experimental projects. Their inherent 

interest in innovation should motivate them to develop learning platforms such as strategic alliances. We 

now test these hypotheses in this subsection. 

 

4.2.1. Persistent Engagement in Research and Development 

Table 7 tests and shows the relation between PhD CEOs and R&D investments. Models (1)–(5) 

report results examining firm future R&D spending, measured by R&D expenditures over assets, from 

years t + 1 to t + 5. As seen, firms managed by PhD CEOs invest significantly more in R&D, after 

incorporating all controls, and industry and year fixed effects. More importantly, PhD firms become 

increasingly more R&D intensive than other firms over time. To be specific, in separate regressions for 

years t + 1 to t + 5, the coefficients on PhD CEO are 0.016 (t = 3.54), 0.018 (t = 3.55), 0.020 (t = 3.47), 

0.021 (t = 3.26), and 0.025 (t = 3.34), translating into a 56% growth in R&D relative to non-PhD CEOs 

over the five-year horizon.  

Furthermore, theoretical research suggests that reputational career concerns induce an excessive 

focus on short-term results instead of long-term growth or innovation. Since PhD CEOs have high intrinsic 

motivation, this suggests that they should be valuable in ameliorating the adverse effects of career concerns. 

We use the number of analysts following to proxy for higher pressure from the external environments 

(Graham, Harvey, and Rajgopal 2005; He and Tian 2013).26 Previous studies suggest that CEOs in more 

homogeneous industries face higher turnover risk and thus have lower job security (Parrino 1997).27 Less 

confident CEOs tend to be more conservative in the sense of lower risk-taking and innovative activity 

(Hirshleifer, Low, and Teoh 2012). CEOs with lower general ability might be more worried about their 

future career prospects should projects fail (Custodio, Ferreira, and Matos 2017).  

                                                           
26 The survey study by Graham, Harvey, and Rajgopal (2005) indicates that analysts impose too much pressure on managers and 

induce myopic behavior. Consistently, He and Tian (2013) find that analyst coverage hinders corporate innovation.  
27 Firms in homogenous industries are more able to find suitable CEO candidates than those in heterogeneous industries, leading 

to a higher threat of CEO dismissal. We follow Cremers and Grinstein (2014) to measure industry homogeneity based on the 

fraction of externally hired CEOs among firms in a given industry. 
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Our tests in models (6)–(9) indicate that among firms or CEOs with the above characteristics, PhD 

CEOs still invest substantially more in long-term R&D, proxied by R&Dt + 3. These results suggest that a 

focus on the future and the willingness to be exploratory foster long-term investments in R&D projects and 

help counteract short-termist incentives. 

An alternative interpretation of these results is that PhD CEOs excessively invest in R&D. Whether 

PhD CEOs enhance innovation efficiency is therefore not clear a priori. As we show in Table 3, the positive 

relation between PhD CEOs and innovation productivity is robust when controlling for R&D spending. 

This provides evidence for the effectiveness of R&D investments in generating innovation. However, in 

unreported tests, we find little evidence that PhD CEOs improve innovation efficiency using the efficiency 

measures of Hirshleifer, Hsu, and Li (2013). 

 

4.2.2. Long-Term Value of Innovation  

To evaluate whether PhD CEOs engage in projects with larger long-term value, as posited by the 

long run rationality hypothesis, we investigate market value of innovation achieved by PhD firms over the 

five-year horizon. The dependent variable is the natural logarithm of one plus the total market value of new 

patents granted during the year going from t + 1 to t + 5. Models (1)–(5) in Table 8 exhibit the OLS 

regression results. Overall, the market perceived significantly higher value on patent success achieved by 

PhD firms than by other firms, after incorporating all controls, and industry and year fixed effects.  

It is worth noting that similar to the pattern of increasing R&D intensity, PhD firms’ patents are 

increasingly valuable relative to those of other firms. From year t + 1 through year t + 5, the coefficients 

on PhD CEO are, respectively, 0.710 (t = 4.25), 0.789 (t = 4.24), 0.851 (t = 4.09), 0.887 (t = 3.76), and 

0.917 (t = 3.45). This indicates an increase in patent value of 47% (= (е0.917 − е0.710)/(е0.710 − 1)) over the 

next five years. Alternatively, we use the natural logarithm of one plus the average market value per patent 

as the dependent variable in models (6)–(10) and obtain similar results.  

 

4.2.3. Preference of Deferred Compensation  
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We next examine the compensation structure of PhD CEOs versus other CEOs to explore whether 

PhD CEOs are less impatient. Graham, Harvey, and Puri (2013) suggest that impatient managers receive 

proportionately more in salary because of a higher rate of time preference. We expect the opposite to be the 

case for PhD CEOs.28 To investigate this, we estimate an OLS regression of CEO compensation, measured 

by ln(Total pay), ln(Salary & bonus), ln(Equity pay) and Equity pay ratio, on PhD CEO. We include 

baseline controls, additional CEO characteristics that affect compensation (CEO chairman, CEO founder 

and General ability), and industry and year fixed effects. We perform this analysis on the whole sample as 

well as a subsample of newly hired CEOs. 

Panel A of Table 9 presents the results using the full sample. Model (1) shows that PhD CEOs are 

paid with 13% more in total pay (t = 2.98), which translates into a $0.69 million annual pay premium based 

on sample mean, or $0.36 million using median. We see that PhD CEOs are not paid more in salary and 

bonus (model 2), but 56% more in stock and option grants (t = 3.62 in model 3) than non-PhD CEOs. 

Consistent with these results, model (4) finds that the fraction of equity pay relative to total pay is 6% higher 

for PhD CEOs (t = 3.75) than for non-PhD CEOs. These findings are consistent with optimal contracting 

where PhD CEOs, being more patient, have a relatively weaker preference for immediate cash rewards.29  

Using first years of new CEOs, Panel B exhibits consistent results as in Panel A that PhD CEOs 

receive a large wage premium over other CEOs in total pay and in the form of equity pay when newly 

appointed, supporting the efficient contracting framework that more talented CEOs are paid more (e.g., 

Gabaix and Landier 2008). For example, the coefficient of PhD CEO is 0.246 (t = 2.27) in the total 

compensation regression, suggesting a $1.18 million pay premium in the initial compensation package 

received by a PhD CEO, given that the total pay for the median new CEO in the sample is $4.7 million. 

This result is consistent with the notion that PhD CEOs’ skills and traits are valuable to their firms. 

 

                                                           
28 The alternative argument is that PhD CEOs, having a stronger intrinsic motivation to explore challenges, do not need to be 

motivated as heavily with deferred pay. 
29 As mentioned in the introduction, another possibility is that these results may be reflecting the matching between PhD CEOs and 

innovative firms. 
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4.2.4. External Learning via Alliances 

To verify whether PhD CEOs’ have their firms undertake continuous learning endeavors, we draw 

from the literature on strategic alliances for proxies of motivation to learn innovation from other firms. 

Strategic alliances or joint ventures create access to networks of learning (Mody 1993; Powell et al. 1996) 

and provide a platform for knowledge acquisition. Firms that establish alliance partnerships are believed to 

have substantial “intent to learn” innovative strategies (Hamel 1991). Table 10 shows the Tobit regression 

results of firm alliance activities.30 

We find a positive relation between the presence of a PhD CEO and the number of strategic 

alliances and joint ventures that the firm forms (models 1-2). In particular, alliances with an R&D agreement 

are viewed as a vehicle to learn special capabilities and transfer tactic knowledge from alliance partners 

(Gomes-Casseres et al. 2006). The results show that PhD CEOs are positively associated with the number 

of R&D alliances, using the whole sample (model 3) or excluding firms with zero alliances (model 4).  

To see whether alliances formed by PhD firms create more shareholder value, we examine the 

wealth effects of alliance announcements during the three-day announcement window. The cumulative 

abnormal stock returns (CARs) are calculated based on a market model with the CRSP value-weighted 

return as the market index. Model (5) reports that overall the stock market does not react more positively 

to the alliances with PhD firms. However, market reaction is significantly more positive when PhD CEOs 

engage in R&D alliances (model 6). This result is robust to including additional controls of alliance 

characteristics (model 7). Taken together, we find supportive evidence that PhD CEOs display strong 

motivation to learn innovative strategies outside the firm boundaries.  

 

4.3. PhD CEOs and Firm Performance 

4.3.1. Stock Market Performance  

                                                           
30 As reported in the summary statistics, the medians of alliance measures are all zero. We employ the Tobit model to address the 

right skewness of these variables. In unreported tests, we note that our results are robust to the use of OLS estimation.  
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We have shown that PhD CEOs persistently invest more in R&D projects with potentially larger 

long-term value. However, innovation investments tend to depress current earnings. If rational shareholders 

use earnings to forecast firm value (Stein 1988, 1989), PhD firms might be undervalued so that their stocks 

will subsequently outperform. To investigate, we compute abnormal returns as annual stock returns adjusted 

by CRSP value-weighted market returns or by DGTW benchmark portfolio returns formed from 5 × 5 × 5 

independent triple sorts on size, book-to-market ratio, and momentum (Daniel et al. 1997; Wermers 2004).31 

Both measures are one-year compound abnormal returns calculated using CRSP monthly stock return file.32 

We then carry out an OLS regression of the excess returns on PhD CEO, while including baseline controls, 

and industry and year fixed effects. 

Table 11 documents evidence supporting this conjecture. Firms with PhD CEOs experience higher 

abnormal stock returns in the following year by 3.8 percentage points (t = 2.87) using the DGTW 

benchmark-adjusted returns (model 1) and 3.4 percentage points (t = 2.45) using the market-adjusted returns 

(model 3). Note that the results are robust to controlling for accruals, as well as innovation efficiency 

measured by ln(citations/R&D) in models (2) and (4), two return predictors that might be driving the 

outperformance of PhD firms. Moreover, based upon market-adjusted returns, models (5)–(6) exhibit that 

the outperformance of PhD firms is significantly higher than that of the median industry peers.  

 

4.3.2. Long-Term Operating Performance  

As innovation projects are such long-term value-enhancing investments characterized by short-

term failures and experimentation, we test whether PhD CEOs are associated with better fundamental 

performance in the long-run. We examine long-term operating performance measured by cumulative 

change in ROA from year t to t + τ (1 ≤ τ ≤ 4). We estimate an OLS regression of this performance measure 

on PhD CEO while including all controls, and industry and year fixed effects. 

                                                           
31 The DGTW benchmarks were obtained from http://www.smith.umd.edu/faculty/rwermers/ftpsite/Dgtw/coverpage.htm 
32 Taking the Market-adjusted return for example, we first calculate monthly adjusted return as the difference between raw return 

of a firm and value-weighted market return and then calculate compounded value of these adjusted returns for one year.  
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Table 12 presents the results. Overall, there is a noticeable improvement in ROA of PhD firms over 

time. Specifically, the coefficient of PhD CEO is 0.002 (t = 1.14) for one-year change, 0.007 (t = 2.05) for 

two-year change, 0.014 (t = 2.95) for three-year change, and 0.014 (t = 2.18) for four-year change. Thus, in 

the short-run firms with PhD CEOs do not perform better than non-PhD firms. As time evolves, PhD firms 

perform increasingly better. These results convey a rising relative trajectory of the performance of PhD 

firms over a long horizon. Thus, the finding of low short-term benefit to have PhD CEOs suggests that 

some firms might fail to recognize the value of PhD CEOs, so that they are under-hired. 

So far, we have documented the benefits of having a PhD CEO such as greater R&D investment, 

better innovation outcomes, and superior firm performance in the long run. This raises the question of why 

not all firms hire PhD CEOs. One plausible reason is that if corporate boards or shareholders strongly prefer 

reliable projects that will likely deliver tangible results in the short run, then CEOs with a long-term 

exploratory mindset will be less attractive to these firms. For example, boards dominated by independent 

directors have high demands for quantifiable results, causing managers to pursue less exploratory projects 

(see Balsmeier, Fleming, and Manso 2017).  

Another possible reason for why not all firms hire PhD CEOs is that such CEOs are costly to hire, 

as we have shown earlier, probably because of the scarcity of such human capital in the market for CEOs. 

It is also possible that firms oriented toward growth through mergers and acquisitions (M&A) rather than 

through internal R&D may gain little from a PhD CEO’s long-term focus. We investigate this possibility 

in the following sub-section.  

 

4.3.3. Merger & Acquisition Performance 

We analyze the performance of domestic mergers conducted by PhD CEOs. Merger performance 

is measured by the bidder’s cumulative abnormal stock returns (CARs) during the [− 1, + 1] announcement 

window, calculated based on the market model with the CRSP value-weighted returns. We estimate an OLS 

regression of merger CARs on PhD CEO, while controlling for manager, acquirer, and deal characteristics 

(i.e., target public status, method of payment and relative deal size), and industry and year fixed effects.  
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Table 13 reports the results. Model (1) indicates that on average PhD CEOs are worse at making 

acquisitions than other CEOs. The CARs of PhD acquirers are 0.7 percentage points lower than those of 

non-PhD acquirers. Subsample analyses show that this lower valuation effect is concentrated among bidders 

with higher R&D intensity (model 2), when buying private targets (model 4), and led by short-tenured 

CEOs (model 6). In unreported analysis, we notice that PhD firms are not more likely to engage in mergers 

than non-PhD firms. This is potentially consistent with PhD CEOs’ long-term orientation: they do not focus 

on quick-hit acquisitions whose value will be immediately evident to the market.   

 

4.4. PhD CEO Tenure and Turnover 

 Lastly, we examine PhD CEOs’ tenure and turnover likelihood in Table 14. Model (1) presents 

OLS regression results using ln(CEO tenure) as the dependent variable. PhD CEOs tend to stay in office 

for a significantly longer time (t = 3.66) than non-PhD CEOs. This result is robust to controlling for other 

firm- and manager-level controls as in model (2). Models (3)–(7) report Logit estimation results examining 

CEO turnover risk following poor firm performance. The dependent variable is a dummy equal to one if 

there is a CEO turnover in a given company. We find that PhD CEOs are less likely to be replaced than 

other CEOs (t = −2.18 in model 3). Models (4)–(7) test the CEO turnover–performance sensitivity by 

including interactions of PhD CEO and past firm performance proxied by operating performance (ROAt - 1 

and Industry-adjusted ROAt - 1) and stock market performance (Stock returnt - 1 and Industry-adjusted returnt 

- 1). Across all the specifications, we do not find any difference in CEO turnover–performance sensitivity 

between PhD CEOs and non-PhD CEOs, as the interaction terms are all statistically insignificant.   

 

5. ROBUSTNESS CHECKS AND ALTERNATIVE HYPOTHESES 

Here we discuss alternative explanations for the observed relation between PhD CEOs and firm 

innovativeness, and describe additional robustness checks. These results are reported in the Internet 

Appendix.  
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5.1. Alternative Explanations  

CEO Overconfidence. It is possible that PhD CEOs are overconfident, and that it is the overconfidence 

that drives most of the observed results. To alleviate this concern, we estimate the same specification in 

Hirshleifer, Low, and Teoh (2012) with the addition of PhD CEO dummy. Based on the option exercising 

behavior, CEO overconfidence is an indicator equal to one subsequent to the year in which a CEO holds 

stock options that are more than 67% in the money (see Campbell et al. 2011). Table IA.4 shows that across 

all the innovation measures the relation of having a PhD CEO with innovation is robust to the inclusion of 

CEO overconfidence. Thus, our results are not simply picking up the role of overconfidence.  

Relevant Work Experience. Another potential concern is that PhD CEOs might have more relevant 

experience in managing innovation. They might have successfully filed for patents (Islam and Zein 2018), 

or they might have worked in innovative industries. One could argue that it is their practical experience that 

truly matters for corporate innovation. To address this concern, we identify CEOs who are listed as 

inventors (Inventor CEO) on the filed patents using exact name matching based on individuals’ First names, 

Middle names and Last names. We then require that the assignee is one of the firms that the CEO has 

worked for previously, and that the patent is filed during the CEO’s tenure in the firm, all based on the 

employment history information in Boardex.33 We also identify CEOs who have worked in innovative 

sectors classified in Boardex and then calculate the number of years of experience in innovative sectors. 

Table IA.5 presents that our results are robust to controlling Inventor CEO in Panel A, the dummy for 

Innovative sector experience in Panel B, and ln(number of years in innovative sectors) in Panel C. 

CEO Power. Another potential explanation might be that PhD CEOs have great bargaining power 

because of the scarcity of such talent. If powerful CEOs have milder career concerns, then they are more 

willing to undertake innovative opportunities. Following the prior literature, we capture CEO bargaining 

power by a CEO duality dummy, which indicates whether the CEO is also the chairman, and a founder 

CEO dummy. Table IA.6 shows that our results remain strong when including these two proxies. 

                                                           
33 We use fuzzy name matching in this step because assignee names in HBS and company names in Boardex are not standardized. 

We then manually check potential matches to ensure accuracy. 
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CEO Innate Talent. It could also be argued that PhD CEOs have greater innate talent. We thus create 

a High latent ability dummy, which equals one if the age at which the individual took the first CEO position 

is in the bottom decile among all the CEOs, and zero otherwise. CEOs who have secured the first executive-

level positions earlier in their careers exhibit greater talent (Falato, Li, and Milbourn 2015). Table IA.7 

shows that our results remain significant at the 1% level after controlling High latent ability. 

Risk-Taking and Risk Tolerance. As innovative projects are risky, PhD CEOs might have greater 

risk tolerance than non-PhD CEOs, leading to higher risk-taking and more innovation (Hirshleifer, Low, 

and Teoh 2012). Using stock return volatility and idiosyncratic risk to measure firm risk, we do not find (in 

unreported tests) that PhD CEOs are associated with higher overall risk. Nor do we find that firms with 

PhD CEOs exhibit higher leverage than non-PhD firms. These results do not consistently support the risk 

preference story. However, it is possible that PhD CEOs might be worse at performing other risky 

businesses (e.g., M&As) and engage less in these activities, thereby offsetting the risk from innovation.  

Entrenchment. It could be argued that PhD CEOs are entrenched so that they overinvest in innovative 

activities. If PhD managers derive private benefits from the over-investment in R&D, indicating an agency 

problem related to misalignment between managerial preferences and firm value maximization, then we 

should not observe improved fundamental performance over the long-run, which is not the case. 

 

5.2. Robustness Checks  

Table IA.8 presents additional robustness checks. We find that the main conclusions derived earlier 

remain strong. First, as innovation process could take longer than one year, we rerun all the regressions 

using two-year forward dependent variables (while excluding firm-years with a new CEO in the following 

two years) and report the results in Panel A. Second, in Panel B we employ an OLS estimation that includes 

industry × year fixed effects to control for time-varying innovation shocks to a specific industry. Third, 

Panel C shows the results after excluding firms headquartered in California or Massachusetts to assure that 

our findings are not driven by the two states that both have clusters of innovative firms and research 

universities. Fourth, to alleviate the concern that high-tech industries where innovation is particularly 
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important might be responsible for the observed effects, we remove these industries and report results in 

Panel D. We also exclude the dot.com boom period of 1998-2000, and find similar results in Panel E as 

discussed previously. Lastly, the effects we document might be driven by PhD degrees in technical fields. 

We thus control for CEOs holding PhDs in Engineering & Science or Medicine based on the available 

information. Panel F indicates that the positive relation of PhD CEOs and innovation remains. Our results 

also hold after controlling for CEOs with technical degrees at all academic levels as reported in Panel G.  

 

6. CONCLUSION 

Can managers be identified who are intrinsically motivated to engage in challenging exploratory 

activity, and are especially patient in balancing short-term versus long-term benefits? We propose here that 

CEOs with PhD degrees are strongly motivated to pursue ambitious projects involving long-term 

experimentation and patient at managing these projects, owing to their intrinsic interest in exploration and 

their willingness to defer gratification. We therefore argue that PhD CEOs are well suited to fostering long-

term success in innovative projects. Consistent with this idea, we find that over the 1992–2009 period, 

relative to other firms, firms managed by PhD CEOs produced more exploratory patents of higher economic 

importance and with greater novelty, generality and originality. 

We also find that PhD CEOs are more likely to be hired by firms with higher R&D intensity, 

suggesting that they are matched with innovative firms. To explore whether the positive association 

between PhD CEOs and firm innovation is purely driven by the matching effect, we perform tests analyzing 

departures of PhD CEOs that are relatively likely to be for exogenous reasons. We find that losing a PhD 

CEO is associated with deterioration of the firm’s innovativeness. We also exploit an adverse shock to CEO 

monitoring incentives from state-level antitakeover legislation. Poison Pill laws are a major form that has 

been found to undermine innovation by weakening discipline in the takeover market. Our prediction is that 

PhD CEOs, being more intrinsically motivated and less eager for a “quiet life” without innovation, will be 

less affected by such laws. Consistent with this, we find significant and economically substantial positive 

differences in innovation quality and quantity of affected PhD CEOs relative to other CEOs following the 
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enactment of this legislation. These tests indicate that the association of PhD CEOs with innovation is 

unlikely to be driven solely by the CEO-firm matching. 

Several further kinds of evidence support the idea that PhD CEOs focus more on long-term 

fundamentals relative to short-term results. Firms run by PhD CEOs are less likely to manipulate short-

term financial performance, engage more in R&D and learning through strategic alliances, produce greater 

value of patents, and experience more positive market reaction to R&D alliances. Nevertheless, investors 

undervalue the implication of having PhD CEOs for future innovation and performance. Specifically, PhD 

firms are undervalued by the market and subsequently achieve higher abnormal stock returns. Furthermore, 

firm fundamental performance under the management of PhD CEOs improves over time relative to firms 

under other CEOs. In sum, our findings suggest that PhD CEO are future oriented and intrinsically 

motivated to engage in challenging exploration, that this improves innovative outcomes and makes PhD 

CEOs efficient matches for firms with strong opportunities for long-term innovation.  
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Table 1. Summary Statistics 
 

This table reports descriptive statistics for variables of interest for the full sample in Panel A and for subsamples by firms having a 

CEO with PhD degrees (PhD CEOs) in Panel B. Panel C shows the distribution of firm-years by PhD CEO across Fama French 12 

industry groups. The full sample comprises all non-financial and non-utility U.S. industrial firms in ExecuComp from 1992 to 

2009, with available data on educational background of the CEOs in BoardEx, accounting data in Compustat, patent data from the 

KPSS patent database, and stock return data from CRSP. All continuous variables are winsorized at their 1st and 99th percentiles. 

Dollar values are CPI-adjusted and expressed in 2006 dollars. In panel B, firms are divided based on whether the CEO on board 

holds PhD degrees. t-tests (Wilcoxon-Mann-Whitney tests) are conducted to test for differences between the means (medians) for 

firms with PhD CEOs and firms with non-PhD CEOs. Variable definitions are reported in Appendix A. *, **, and*** indicate 

statistical significance at the 10%, 5%, and 1% level, respectively 

 

Panel A. Full Sample 

Variable Mean S.D. 25th Percentile Median 75th Percentile 

Innovation Variables           

No. of patents 26.89 146.71 0.00 0.00 7.00 

Citation (raw) count 343.08 2221.48 0.00 0.00 51.00 

Citation (adjusted) count 32.94 164.67 0.00 0.00 8.67 

Citations/patent 6.06 15.60 0.00 0.00 6.16 

Generality 0.15 0.22 0.00 0.00 0.33 

Originality 0.22 0.26 0.00 0.00 0.47 

Patent value ($mil) 1219.43 7713.53 0.00 0.00 91.06 

Value/patent ($mil) 18.49 66.24 0.00 0.00 11.76 

R&D 0.03 0.05 0.00 0.00 0.05 

Firm Performance      
ROA 0.05 0.10 0.02 0.06 0.09 

DGTW benchmark-adjusted returns 0.05 0.41 -0.20 -0.01 0.21 

Market-adjusted returns 0.08 0.43 -0.19 0.01 0.25 

Industry-adjusted excess returns 0.05 0.36 -0.16 0.00 0.19 

No. of alliances & JV 0.88 3.59 0.00 0.00 1.00 

No. of alliances 0.71 3.15 0.00 0.00 0.00 

No. of R&D alliances 0.18 1.31 0.00 0.00 0.00 

CEO Characteristics      
PhD CEO 0.09 0.29 0.00 0.00 0.00 

CEO MBA degree  0.30 0.46 0.00 0.00 1.00 

CEO law degree  0.06 0.24 0.00 0.00 0.00 

CEO tenure 7.63 7.58 2.00 5.00 11.00 

CEO age 54.63 7.45 50.00 55.00 59.00 

CEO delta ($000) 1498.53 12424.43 100.99 261.16 697.28 

CEO vega ($000) 150.42 333.50 17.93 55.50 148.44 

CEO stock ownership 0.03 0.06 0.00 0.00 0.02 

Total pay ($000) 5277.15 13708.99 1370.92 2777.82 5721.51 

Salary & bonus ($000) 1353.02 1715.75 612.37 950.91 1560.68 

Equity pay ($000) 3308.63 13040.59 266.62 1209.92 3316.09 

Equity pay ratio 0.43 0.29 0.21 0.47 0.66 

Controls      
Assets ($mil) 6016.27 25023.28 507.65 1285.27 3900.29 

Age (years) 24.64 15.95 11.00 20.00 38.00 

Tangibility 0.28 0.21 0.12 0.23 0.40 

Tobin’s Q 2.10 1.35 1.27 1.67 2.41 

Sales growth  0.12 0.26 0.00 0.09 0.20 

Leverage 0.20 0.16 0.04 0.19 0.32 

Stock return 0.21 0.70 -0.18 0.18 0.54 

Institutional ownership 0.61 0.31 0.47 0.69 0.84 
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Panel B. Subsample by Firms with PhD CEOs 

  PhD CEO   Non-PhD CEO 

   n=1,172      n=11,723   

Variable Mean Median S.D.   Mean Median S.D. 

Innovation Variables        
No. of patents 41.36*** 4.00*** 130.17  25.44 0.00 148.19 

Citation (raw) count 613.50*** 21.5*** 2185.58  316.05 0.00 2223.32 

Citation (adjusted) count 51.88*** 4.09*** 156.08  31.04 0.00 165.39 

Citations/patent 10.91*** 3.45*** 22.79  5.57 0.00 14.60 

Generality 0.24*** 0.21*** 0.24  0.14 0.00 0.22 

Originality 0.32*** 0.40*** 0.25  0.21 0.00 0.26 

Patent value ($mil) 2898.09*** 42.89*** 15959.32  1051.60 0.00 6300.28 

Value/patent ($mil) 27.93*** 7.17*** 77.29  17.54 0.00 64.96 

R&D 0.07*** 0.05*** 0.07  0.03 0.00 0.05 

Firm Performance        
ROA 0.03** 0.05** 0.13  0.05 0.06 0.09 

DGTW benchmark-adjusted returns 0.08 -0.01 0.47  0.05 -0.02 0.40 

Market-adjusted returns 0.11 0.01 0.48  0.07 0.01 0.42 

Industry-adjusted excess returns 0.07 0.00 0.41  0.05 0.00 0.35 

No. of alliances & JV 1.63*** 0.00 4.8  0.8 0.00 3.44 

No. of alliances 1.36*** 0.00 4.24  0.64 0.00 3.01 

No. of R&D alliances 0.47*** 0.00 2.13  0.15 0.00 1.19 

CEO Characteristics        
CEO MBA degree  0.09*** 0.00 0.28  0.32 0.00 0.47 

CEO law degree  0.08*** 0.00 0.28  0.06 0.00 0.23 

CEO tenure 9.80*** 7.00*** 8.51  7.42 5.00 7.44 

CEO age (years) 56.00*** 56.00*** 7.32  54.49 55.00 7.44 

CEO delta ($000) 1154.86*** 390.58*** 3370.97  1532.89 252.07 12986.62 

CEO vega ($000) 166.99*** 67.34*** 307.70  148.76 54.38 335.94 

CEO stock ownership 0.03 0.00 0.06  0.03 0.00 0.06 

Total pay ($000) 6464.34*** 2987.87*** 16618.98  5158.53 2761.33 13378.58 

Salary & bonus ($000) 1316.47 898.76*** 1521.26  1356.68 954.92 1734.01 

Equity pay ($000) 4496.42*** 1559.66*** 15382.95  3190.01 1175.85 12777.81 

Equity pay ratio 0.50*** 0.55*** 0.29  0.43 0.46 0.28 

Controls        
Assets ($mil) 7944.69*** 1136.99*** 33145.25  5823.48 1302.08 24054.38 

Age (years) 20.43*** 15.00*** 14.82  25.06 21.00 16.00 

Tangibility 0.23*** 0.18*** 0.19  0.29 0.23 0.22 

Tobin’s Q 2.56*** 1.97*** 1.70  2.05 1.64 1.30 

Sales growth  0.17*** 0.12*** 0.32  0.12 0.09 0.25 

Leverage 0.18*** 0.15*** 0.16  0.20 0.19 0.16 

Stock return 0.25* 0.19 0.75  0.21 0.18 0.69 

Institutional ownership 0.59** 0.67* 0.31   0.61 0.69 0.30 

 

Panel C. Distribution of Firm-years by PhD CEO across Fama French 12 Industry Groups 

PhD CEO  Non-PhD CEO 

Industry Pct. Industry  Pct.  Industry Pct. Industry Pct. 

Business 

Equipment  

37.99 Shops  4.92  Business 

Equipment  

20.22 Chemicals   4.69 

Health 23.80 Consumer 

Nondurables  

1.83  Manufacturing 17.76 Energy  4.42 

Manufacturing 8.12 Consumer Durables  1.72  Shops 15.81 Consumer Durables 3.61 

Energy  7.55 Telecommunication 1.49  Other 13.78 Telecommunication 2.18 

Other 6.87 Utilities  n/a  Consumer 

Nondurables 

9.22 Utilities  n/a 

Chemicals 5.72 Money  n/a  Health 8.30 Money  n/a 
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Table 2. PhD CEOs and Firm Innovation 
 

Panel A presents the Tobit regression results on the relation between PhD CEOs and firm innovation using 1-year forward 

innovation measures. The dependent variables are the natural logarithm of one plus total number of patents (ln(patents)), the natural 

logarithm of one plus total number of citations (ln(citations)), the natural logarithm of one plus total number of adjusted citations 

(ln(adjusted citations)), the natural logarithm of one plus citations per patent (ln(citations/patent)) and the average generality 

(Generality) and originality (Originality) scores of patents. Panel B reports the OLS regression estimates for exploratory innovation 

in the next year. The dependent variables are the natural logarithm of one plus total number of exploratory patents (ln(exploratory 

patents 60%) or ln(exploratory patents 80%)), the natural logarithm of one plus highly cited innovations (ln(patents top cited 5%) 

or ln(patents top cited 10%)), and the natural logarithm of one plus failed innovations (ln(uncited patents)). The key variable of 

interest is PhD CEO, which equals one if the CEO has doctorate degrees, and zero otherwise. The sample comprises all non-

financial and non-utility U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS 

patent database, and CRSP. All the regressions control for year and industry fixed effects (defined at the 2-digit SIC code level). 

All variables are defined in Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at the firm 

level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  
 

Panel A. Baseline Results 

Dependent Variable: ln(patents) ln(citations) 
ln(adjusted 

citations) 

ln(citations

/patent) 
Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.653*** 0.994*** 0.692*** 0.454*** 0.082*** 0.099*** 

 (4.250) (3.941) (3.914) (3.652) (3.430) (3.560)    

CEO MBA degree  0.110 0.112 0.117 0.011 0.002 0.013    

 (1.179) (0.727) (1.091) (0.144) (0.115) (0.692)    

CEO law degree  -0.511** -0.901** -0.659** -0.406** -0.096** -0.085*   

 (-2.062) (-2.214) (-2.337) (-2.047) (-2.246) (-1.789)    

Size 0.910*** 1.265*** 0.980*** 0.389*** 0.085*** 0.089*** 

 (16.015) (14.154) (15.322) (8.917) (9.418) (9.019)    

ln(age) 0.107 0.016 0.056 -0.061 -0.017 0.003    

 (1.346) (0.124) (0.626) (-1.013) (-1.336) (0.233)    

Tangibility -0.718 -1.696** -1.067** -1.036*** -0.138** -0.145*   

 (-1.532) (-2.254) (-1.977) (-2.975) (-2.098) (-1.956)    

Tobin's Q  0.246*** 0.412*** 0.286*** 0.180*** 0.030*** 0.028*** 

 (6.767) (6.550) (6.783) (5.480) (4.497) (3.995)    

Sales growth  -0.578*** -0.926*** -0.646*** -0.293*** -0.072*** -0.062*** 

 (-5.452) (-5.058) (-5.227) (-3.004) (-3.389) (-2.987)    

Leverage -1.689*** -2.615*** -1.895*** -0.997*** -0.197*** -0.210*** 

 (-5.606) (-5.330) (-5.463) (-4.003) (-3.758) (-3.732)    

Stock return -0.045 -0.073 -0.065* -0.029 -0.012* -0.009    

 (-1.437) (-1.318) (-1.738) (-0.970) (-1.695) (-1.492)    

Institutional  -0.140 -0.030 -0.090 0.137 0.040 0.029    

ownership (-0.802) (-0.105) (-0.449) (0.948) (1.329) (0.863)    

ln(CEO tenure) 0.012 0.002 -0.003 -0.008 0.001 0.004    

 (0.241) (0.027) (-0.045) (-0.198) (0.144) (0.423)    

ln(CEO age) -0.737** -1.230** -0.910** -0.538* -0.105* -0.113*   

 (-2.018) (-2.092) (-2.174) (-1.853) (-1.715) (-1.667)    

ln(CEO delta) -0.199*** -0.250*** -0.196*** -0.074 -0.024** -0.031*** 

 (-3.344) (-2.631) (-2.907) (-1.595) (-2.472) (-2.923)    

ln(CEO vega) 0.166*** 0.231*** 0.177*** 0.089*** 0.020*** 0.026*** 

 (3.958) (3.440) (3.700) (2.752) (2.870) (3.549)    

CEO stock   0.283 -0.567 0.086 -1.128 -0.155 -0.142    

ownership (0.217) (-0.258) (0.058) (-0.996) (-0.671) (-0.579)    

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12895 12895 12895 12895 12895 12895    

Pseudo R² 0.2583 0.2224 0.2476 0.2272 0.4662 0.3598    
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Panel B. Exploratory Innovation  

Dependent Variable: 
ln(exploratory 

patents 60%) 

ln(exploratory 

patents 80%)  

ln(patents top 

cited 5%)  

ln(patents top 

cited 10%) 

ln(uncited 

patents) 

  (1) (2) (3) (4) (5)    

PhD CEO 0.562*** 0.526*** 0.385*** 0.681*** 0.505*** 

 (4.035) (3.983) (2.646) (3.515) (3.753)    

CEO MBA degree  0.070 0.055 0.081 0.140 0.095    

 (0.833) (0.707) (0.925) (1.164) (1.115)    

CEO Law degree  -0.439* -0.418* -0.578** -0.773** -0.365*   

 (-1.917) (-1.948) (-2.514) (-2.421) (-1.761)    

Size 0.871*** 0.841*** 0.787*** 1.136*** 0.877*** 

 (16.943) (17.502) (14.291) (14.000) (17.302)    

ln(age) 0.096 0.074 -0.000 0.033 0.227*** 

 (1.339) (1.099) (-0.006) (0.328) (3.023)    

Tangibility -0.675 -0.681* -0.772 -0.978 -0.061    

 (-1.620) (-1.778) (-1.548) (-1.408) (-0.140)    

Tobin's Q  0.199*** 0.178*** 0.213*** 0.313*** 0.146*** 

 (6.034) (5.753) (6.037) (6.522) (4.249)    

Sales growth  -0.551*** -0.557*** -0.498*** -0.679*** -0.586*** 

 (-5.488) (-5.735) (-4.421) (-4.526) (-4.983)    

Leverage -1.529*** -1.434*** -1.452*** -2.098*** -1.450*** 

 (-5.603) (-5.550) (-4.827) (-4.995) (-5.069)    

Stock return -0.018 -0.005 -0.072** -0.089** -0.035    

 (-0.602) (-0.189) (-2.017) (-2.017) (-1.088)    

Institutional  -0.163 -0.220 -0.091 -0.134 -0.359**  

ownership (-1.025) (-1.479) (-0.553) (-0.585) (-2.252)    

ln(CEO tenure) 0.024 0.020 -0.049 -0.046 0.010    

 (0.516) (0.468) (-0.971) (-0.654) (0.195)    

ln(CEO age) -0.603* -0.570* -0.635* -1.052** -0.317    

 (-1.852) (-1.892) (-1.700) (-2.000) (-0.847)    

ln(CEO delta) -0.189*** -0.166*** -0.068 -0.115 -0.206*** 

 (-3.485) (-3.291) (-1.147) (-1.425) (-3.408)    

ln(CEO vega) 0.136*** 0.122*** 0.112*** 0.147** 0.175*** 

 (3.515) (3.388) (2.662) (2.551) (4.371)    

CEO stock   0.280 0.093 -0.450 -0.677 0.028    

ownership (0.233) (0.082) (-0.379) (-0.402) (0.023)    

Industry & year FE Yes Yes Yes Yes Yes 

N 12899 12899 12899 12899 12899    

Pseudo R² 0.2677 0.2734 0.2842 0.2559 0.2956    
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Table 3: Determinants of Hiring CEOs with PhD Degrees 
 

Panel A presents the logit estimates examining the likelihood of hiring a PhD CEO. Turnover events are identified using 

ExecuComp database. The dependent variable is PhD CEO (in year t), which equals one if the new CEO has doctorate degrees, 

and zero otherwise. PhD CEOt - 1 equals one if the predecessor is a PhD CEO, and zero otherwise. Industry-adjusted ROA is the 

firm’s ROA minus the ROA of the median firm in the same industry every year. Industry-adjusted profit margin is the firm’s profit 

margin minus the profit margin of the median firm in the same industry every year. Industry is defined at the two-digit SIC code 

level. Market-adjusted return is the one-year compound abnormal returns adjusted by CRSP value-weighted market turn based on 

CRSP monthly stock return file. Panel B presents the baseline Tobit regression results on one-year forward innovation after 

controlling the hiring determinants. All other variables are defined in Appendix A. The sample comprises all non-financial and 

non-utility U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS patent database, 

and CRSP. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and *** indicate 

statistical significance at the 10%, 5%, and 1% level, respectively.  

 

Panel A. Hiring a PhD CEO  

Dependent Variable: PhD CEO t         

Model Logit         

  (1) (2) (3) (4) (5) 

PhD CEOt - 1 0.866***                    

 (2.640)                    

R&Dt - 1  7.801***                   

  (3.575)                   

Industry-adjusted ROAt - 1   -1.887*                  

   (-1.798)                  

Industry-adjusted profit margint - 1   -1.673***                 

    (-3.247)                 

Market-adjusted returnt - 1     -0.610    

     (-1.529)    

Sizet - 1 0.264*** 0.292*** 0.300*** 0.312*** 0.254*** 

 (2.677) (2.973) (3.080) (3.223) (2.583)    

Tobin's Qt - 1 -0.075 -0.097 -0.001 -0.006 -0.024    

 (-0.727) (-0.910) (-0.007) (-0.064) (-0.234)    

ln(age)t - 1 -0.319* -0.258 -0.297* -0.270 -0.227    

 (-1.864) (-1.428) (-1.739) (-1.546) (-1.300)    

Leveraget - 1 -1.273 -0.897 -1.408 -1.427* -1.328    

 (-1.507) (-1.077) (-1.630) (-1.660) (-1.419)    

Tangibilityt - 1 -0.852 -0.286 -0.757 -0.675 -0.768    

 (-1.335) (-0.431) (-1.199) (-1.059) (-1.177)    

Institutional ownershipt - 1 0.131 0.185 0.227 0.302 0.170    

 (0.369) (0.502) (0.647) (0.848) (0.426)    

Year FE Yes Yes Yes Yes Yes 

N 1234 1234 1234 1234 1155    

Pseudo R² 0.0604 0.0707 0.0541 0.0634 0.0470    

 

Panel B. Controlling Hiring Determinants 

Dependent Variable: ln(patents) ln(citations)  
ln(adjusted 

citations) 

ln(citations/

patent) 
Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.451*** 0.681*** 0.485*** 0.317*** 0.058** 0.071*** 

 (3.200) (2.940) (2.943) (2.719) (2.500) (2.623)    

R&D  14.335*** 21.569*** 15.284*** 8.961*** 1.761*** 1.932*** 

 (13.947) (12.803) (13.225) (10.355) (9.773) (9.638)    

Industry-adjusted profit margin 0.572*** 0.736** 0.537** 0.224 0.052 0.076*   

 (2.848) (2.212) (2.242) (1.281) (1.326) (1.795)    

Market-adjusted return -0.078* -0.073 -0.052 -0.031 -0.020** -0.011    

 (-1.885) (-0.989) (-1.042) (-0.722) (-2.042) (-1.142)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12120 12120 12120 12120 12120 12120    

Pseudo R² 0.2883 0.2461 0.2743 0.2453 0.4998 0.3845    
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Table 4. Exogenous Departures of PhD CEOs 
 

This table reports the OLS regression results on innovation outcomes using a sample of firms experiencing exogenous CEO 

turnovers. The panel includes three years before and three years after each turnover case. The dependent variables are one-year 

forward measures of the natural logarithm of one plus total number of patents (ln(patents)), the natural logarithm of one plus total 

number of citations (ln(citations)), the natural logarithm of one plus total number of adjusted citations (ln(adjusted citations)), the 

natural logarithm of one plus citations per patent (ln(citations/patent)) and the average generality (Generality) and originality 

(Originality) scores of patents. PhD CEO (Incumbent) equals one if the firm replaces the PhD CEO with a non-PhD CEO, and zero 

otherwise. Post CEO Departure is a dummy equal to one for post-turnover years and zero otherwise. All baseline controls and 

hiring determinants are included. All regressions control firm and year fixed effects. The full sample comprises all non-financial 

and non-utility U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS patent 

database, and CRSP. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and *** 

indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations) 

ln(citations/

patent)  
Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO (Incumbent) -0.373** -0.778** -0.373* -0.411* -0.081** -0.095**  

× Post CEO Departure (-2.311) (-2.586) (-1.892) (-1.895) (-2.032) (-2.259)    

Post CEO Departure 0.006 -0.089 0.003 -0.056 -0.007 0.015    

 (0.043) (-0.294) (0.016) (-0.304) (-0.229) (0.495)    

Controls Yes Yes Yes Yes Yes Yes 

Hiring determinants Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes 

N 609 609 609 609 609 609    

Adjusted R² 0.9516 0.9046 0.9280 0.7258 0.6345 0.7311    
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Table 5. An Adverse Shock to Incentives: Evidence from State of Antitakeover Laws 
 

This table reports the OLS regression results examining the differential effect of state adoption of poison pill laws on innovation 

of firms run by PhD CEOs. The dependent variables are three-year forward measures of the natural logarithm of one plus total 

number of patents (ln(patents)), the natural logarithm of one plus total number of citations (ln(citations)), the natural logarithm of 

one plus total number of adjusted citations (ln(adjusted citations)). Poison Pill (PP) Law is an indicator equal to one if a poison 

pill law is in place in the firm’s state of incorporation in a given year, and zero otherwise. Business Combination (BC) Law is an 

indicator equal to one if a business combination law is in place in the firm’s state of incorporation in a given year, and zero 

otherwise. Directors’ Duties (DD) Law is an indicator equal to one if a directors’ duties law is in place in the firm’s state of 

incorporation in a given year, and zero otherwise. PhD CEO equals one if the CEO has doctorate degrees, and zero otherwise. In 

Panel A, all regressions control firm fixed effects, industry × year, state of headquarters × year and state of incorporation fixed 

effects. Panel B shows the estimated results after adding state of incorporation × year fixed effects. The full sample comprises all 

non-financial and non-utility U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, 

KPSS patent database, and CRSP. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, 

**, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Panel A. Main Results 

Dependent Variable: ln(patents) ln(patents) ln(citations) ln(citations) 
ln(adjusted 

citations)  

ln(adjusted 

citations)  

  (1) (2) (3) (4) (5) (6) 

Poison Pill (PP) Law × PhD CEO 0.547*** 0.518*** 0.639*** 0.606*** 0.519*** 0.462*** 

 (3.710) (3.423) (4.823) (3.879) (4.850) (4.019) 

Poison Pill (PP) Law -0.101 -0.059 0.023 0.083 -0.011 0.030 

 (-1.578) (-0.772) (0.147) (0.503) (-0.123) (0.313) 

PhD CEO -0.258** -0.249** -0.155 -0.111 -0.196* -0.173* 

 (-2.298) (-2.452) (-1.474) (-1.088) (-1.962) (-1.812) 

Business Combination (BC) Law -0.340 -0.380** -0.136 -0.209 -0.256 -0.294 

 (-1.593) (-2.390) (-0.342) (-0.589) (-1.021) (-1.601) 

Directors' Duties (DD) Law 0.110 -0.041 0.124 -0.120 0.043 -0.124 

 (1.665) (-0.489) (0.893) (-0.513) (0.512) (-1.030) 

Test PP × PhD CEO + PP = 0       
F-statistic 9.03*** 7.68*** 10.75*** 8.99*** 15.94*** 11.17*** 

p-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Controls Yes No Yes No Yes No 

Firm FE Yes Yes Yes Yes Yes Yes 

Industry × Year FE Yes Yes Yes Yes Yes Yes 

State of headquarters × Year FE Yes Yes Yes Yes Yes Yes 

State of incorporation FE Yes Yes Yes Yes Yes Yes 

N 7754 8237 7754 8237 7754 8237 

Adjusted R² 0.9297 0.9265 0.8939 0.8883 0.9097 0.9053 

 

Panel B. Controlling for State of Incorporation × Year Fixed Effects 

Dependent Variable: ln(patents) ln(citations) ln(adjusted citations) 

  (1) (2) (3) 

Poison Pill (PP) Law × PhD CEO 0.517*** 0.539*** 0.456*** 

 (3.045) (3.760) (3.192) 

Controls Yes Yes Yes 

Firm FE Yes Yes Yes 

Industry × Year FE Yes Yes Yes 

State of Headquarters × Year FE Yes Yes Yes 

State of Incorporation × Year FE Yes Yes Yes 

N 7555 7555 7555 

Adjusted R² 0.9296 0.8943 0.9100 
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Table 6. PhD CEOs and Short-Term Financial Gains 
 

This table presents the OLS regression results on the relation between PhD CEOs and managerial short-termism evaluated by earnings management (models 1-5) and by financial 

policies likely to produce immediate returns/losses (models 6-8). Accrual-based earnings management are measured by the absolute value of total accruals using balance sheet 

approach (Abs(accruals)) and the absolute value of discretionary accruals estimated from modified Jones model (1991) that adjusts for operating performance (Abs(disc. Accrual)). 

Real activities manipulation is proxied by the abnormal cash flow from operations, the abnormal production costs, and the abnormal discretionary expenditures following the method 

in Roychowdhury (2006). In models (6)-(8), equity issues, share repurchases and dividend payouts are all scaled by book assets. The key variable is the PhD CEO, which equals one 

if the CEO has doctorate degrees, and zero otherwise. All other variables are defined in Appendix A. All the regressions include year and industry fixed effects. The t-statistics in 

parentheses are based on robust standard errors clustered at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

  Earnings Management   Financial Policies 

Dependent Variable Abs(accruals) Abs(disc. accruals) Abnormal CFO Abnormal PROD Abnormal DEXP  Equity issues Share buybacks Dividends 

  (1) (2) (3) (4) (5)   (6) (7) (8) 

PhD CEO -0.009*** -0.005*** 0.015** -0.016 0.017     0.006** 0.002 -0.003*** 

 (-3.484) (-2.730) (2.120) (-1.125) (0.993)     (2.521) (0.984) (-4.158)    

CEO MBA degree  -0.002 -0.003** 0.001 -0.015* 0.011     0.000 0.001 -0.001    

 (-1.192) (-2.017) (0.158) (-1.710) (1.108)     (0.165) (0.418) (-1.546)    

CEO law degree  -0.004 -0.001 0.008 0.001 -0.021     -0.000 0.003 -0.002    

 (-1.259) (-0.363) (1.059) (0.091) (-1.612)     (-0.269) (1.022) (-1.388)    

Size -0.001* -0.002*** 0.009*** 0.016*** -0.029***  -0.005*** 0.005*** 0.001*** 

 (-1.838) (-3.248) (5.329) (3.646) (-5.401)     (-10.554) (10.209) (2.743)    

ln(age) -0.004*** -0.003*** -0.016*** 0.014** 0.002     -0.003*** -0.001 0.007*** 

 (-3.012) (-2.925) (-5.468) (2.022) (0.202)     (-3.141) (-1.163) (14.000)    

Sales grow 0.049*** 0.044*** 0.087*** 0.031** 0.008     0.012*** -0.018*** -0.006*** 

 (8.358) (11.238) (9.134) (2.564) (0.528)     (5.221) (-12.227) (-9.369)    

Tobin's Q  0.004*** 0.003*** 0.022*** -0.052*** 0.050***  0.009*** 0.005*** 0.002*** 

 (3.195) (3.535) (8.725) (-13.086) (10.329)     (11.097) (8.792) (7.483)    

ROA -0.122*** -0.052*** 0.331*** -0.294*** -0.387***  -0.101*** 0.077*** 0.025*** 

 (-7.169) (-5.104) (10.600) (-6.111) (-8.803)     (-7.616) (13.825) (8.877)    

Leverage -0.014** -0.005 -0.022* 0.031 -0.096***  0.009** -0.036*** -0.007*** 

 (-1.999) (-1.062) (-1.710) (1.175) (-3.332)     (2.474) (-9.768) (-4.115)    

Institutional ownership -0.005 -0.003 0.012 0.048** -0.076***  0.003 0.002 -0.002**  

 (-1.319) (-1.067) (1.574) (2.379) (-3.493)     (1.393) (1.258) (-2.350)    

ln(CEO tenure) -0.003*** -0.002** 0.005*** -0.001 -0.003     -0.000 -0.000 -0.002*** 

 (-2.872) (-2.190) (2.636) (-0.208) (-0.582)     (-0.048) (-0.405) (-5.923)    

ln(CEO age) -0.015** -0.008 -0.046*** 0.034 -0.060     -0.007* -0.012** 0.004*   

 (-2.154) (-1.604) (-3.189) (0.972) (-1.484)     (-1.651) (-2.331) (1.944)    

CEO stock ownership 0.036 0.028* -0.076* 0.181** -0.081     -0.030*** -0.022** 0.000    

 (1.635) (1.872) (-1.853) (2.216) (-0.742)     (-3.475) (-2.297) (0.081)    

ln(Analyst coverage) -0.001 -0.002*** 0.005** -0.019*** 0.023***     
 (-0.930) (-2.820) (2.309) (-3.956) (4.297)        
Industry & Year FE Yes Yes Yes Yes Yes   Yes Yes Yes 

N 13267 13214 13418 13273 12517      13264 13658 13647    

Adjusted R² 0.1314 0.1150 0.4078 0.2131 0.2675      0.1721 0.1977 0.3131    
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Table 7. PhD CEOs and Long-Term Investments in Research 
 

This table presents the OLS regression results on the relation between PhD CEOs and R&D spending. The dependent variables are R&D (over assets) in years t + 1 to t + 5 in models 

(1)-(5), and R&Dt + 3 in models (6)-(9). Model (6) uses the subsample of CEOs in relatively high pressure environments—firms with above median analyst coverage (High analyst 

coverage). Models (7)-(9) focus on CEOs under greater career concern—in industries with more CEOs hired from outside the firms (Homo. Industries), with below median levels 

of general skills and confidence. All variables are defined in Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and *** 

indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable R&Dt + 1 R&Dt + 2 R&Dt + 3  R&Dt + 4 R&Dt + 5   R&Dt + 3 

Sample All Firms  High Analyst Homo. Low General  Low  

 Coverage Industries Ability Confidence 

  (1) (2) (3) (4) (5)   (6) (7) (8) (9) 

PhD CEO 0.016*** 0.018*** 0.020*** 0.021*** 0.025***  0.024*** 0.030*** 0.017** 0.016** 

 (3.540) (3.554) (3.465) (3.263) (3.341)     (3.203) (3.070) (2.192) (2.557) 

CEO MBA degree  0.001 0.001 0.002 0.003 0.005     0.006* 0.004 0.000 -0.000 

 (0.614) (0.663) (0.864) (1.219) (1.579)     (1.884) (1.049) (0.102) (-0.117) 

CEO law degree  -0.003 -0.002 -0.001 -0.001 -0.000     -0.000 -0.006 -0.001 -0.004 

 (-1.262) (-0.944) (-0.463) (-0.260) (-0.091)     (-0.077) (-1.136) (-0.153) (-1.354) 

Size -0.002** -0.002** -0.002** -0.002** -0.002**   -0.003* -0.005*** -0.004*** -0.002** 

 (-2.007) (-2.459) (-2.548) (-2.254) (-2.263)     (-1.945) (-2.930) (-2.823) (-2.147) 

ln(age) -0.005*** -0.005*** -0.005*** -0.005*** -0.005***  -0.005** -0.003 -0.006*** -0.004*** 

 (-3.779) (-3.666) (-3.716) (-3.535) (-3.121)     (-2.551) (-1.291) (-3.256) (-2.996) 

Tobin's Q  0.007*** 0.007*** 0.006*** 0.006*** 0.006***  0.006*** 0.007*** 0.005*** 0.007*** 

 (9.505) (9.206) (8.161) (7.456) (6.549)     (6.262) (6.025) (4.409) (7.544) 

ROA -0.120*** -0.121*** -0.120*** -0.113*** -0.110***  -0.089*** -0.145*** -0.123*** -0.117*** 

 (-10.592) (-10.059) (-8.283) (-7.118) (-6.266)     (-5.204) (-6.472) (-5.540) (-7.315) 

Leverage -0.046*** -0.043*** -0.041*** -0.039*** -0.036***  -0.040*** -0.041*** -0.031*** -0.047*** 

 (-8.754) (-7.985) (-7.280) (-6.775) (-5.748)     (-5.125) (-4.740) (-3.639) (-7.420) 

Institutional ownership 0.000 0.001 0.001 0.003 0.003     0.013 0.001 -0.003 0.002 

 (0.147) (0.152) (0.322) (0.656) (0.613)     (1.440) (0.222) (-0.594) (0.663) 

ln(CEO tenure) 0.001 0.001 0.001 0.001 0.000     0.000 0.000 0.002 -0.000 

 (1.588) (1.315) (0.970) (0.758) (0.396)     (0.260) (0.006) (1.177) (-0.424) 

ln(CEO age) -0.021*** -0.021*** -0.020*** -0.018** -0.017*    -0.016 -0.007 -0.012 -0.022*** 

 (-3.026) (-2.876) (-2.612) (-2.150) (-1.855)     (-1.582) (-0.548) (-1.127) (-2.780) 

CEO stock ownership -0.020 -0.022 -0.024 -0.023 -0.029     0.010 -0.037 -0.056*** -0.028 

 (-1.174) (-1.297) (-1.353) (-1.208) (-1.425)     (0.393) (-1.151) (-2.849) (-1.375) 

ln(CEO delta) -0.001 -0.000 0.001 0.001 0.001     -0.000 0.000 0.002 0.001* 

 (-1.307) (-0.119) (0.662) (0.670) (1.011)     (-0.157) (0.237) (1.460) (1.710) 

ln(CEO vega) 0.003*** 0.003*** 0.003*** 0.003*** 0.002***  0.003*** 0.004*** 0.003*** 0.002*** 

 (5.564) (5.192) (4.063) (3.499) (2.592)     (3.364) (2.993) (3.363) (3.067) 

Industry & Year FE Yes Yes Yes Yes Yes   Yes Yes Yes Yes 

N 12887 11242 9006 7031 5401     4611 3694 4228 4824 

Adjusted R² 0.4723 0.4768 0.4794 0.4862 0.4926      0.5001 0.4425 0.4882 0.4590 
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Table 8. PhD CEOs and Long-Term Value of Innovation 
 

This table presents the OLS regression results on the relation between PhD CEOs and stock market value of patents over the five-year horizon. The dependent variables are natural 

logarithm of one plus market value of all new patents during the years t + 1 to t + 5 (models 1-5), and natural logarithm of one plus average market value per patent during the years 

t + 1 to t + 5 (models 6-10). The market value of patents is calculated as the firm’s market capitalization multiplies the three-day market-adjusted cumulative abnormal returns 

surrounding patent approval dates, according to Kogan et al. (2017). The key variable is the PhD CEO, which equals one if a CEO has doctorate degrees, and zero otherwise. All 

variables are defined in Appendix A. All the regressions include controls as specified in the baseline regression, year and industry fixed effects. The t-statistics in parentheses are 

based on robust standard errors clustered at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 
Dependent 

Variable 

ln(patent 

value)t + 1 

ln(patent 

value)t + 2 

ln(patent 

value)t + 3 

ln(patent 

value)t + 4 

ln(patent 

value)t + 5   

ln(value 

/patent)t + 1 

ln(value 

/patent)t + 2 

ln(value 

/patent)t + 3 

ln(value 

/patent)t + 4 

ln(value 

/patent)t + 5 

  (1) (2) (3) (4) (5)   (6) (7) (8) (9) (10) 

PhD CEO 0.710*** 0.789*** 0.851*** 0.887*** 0.917***  0.350*** 0.393*** 0.423*** 0.420*** 0.433*** 

 (4.250) (4.241) (4.085) (3.764) (3.452)  (4.108) (4.152) (3.986) (3.494) (3.192)    

Controls Yes Yes Yes Yes Yes   Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes   Yes Yes Yes Yes Yes 

N 12893 10366 8160 6292 4914  12893 10366 8160 6292 4914    

Adjusted R² 0.5728 0.5703 0.5737 0.5758 0.5778   0.4977 0.4868 0.4856 0.4846 0.4853    
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Table 9. PhD CEO and Compensation Structure 
 

Panel A (B) presents the OLS regression results on the compensation of PhD CEOs for the full sample (during first years of tenure). 

The dependent variables are the natural logarithm of one plus total value of a CEO’s compensation package (ln(Total pay)), the 

natural logarithm of one plus the amount of salary and bonus (ln(Salary & bonus)), the natural logarithm of one plus the value of 

stock and option grants (ln(Equity pay)), and the ratio of equity-based pay to total pay (Equity pay ratio). The key variable is PhD 

CEO, which equals one if the CEO has doctorate degrees, and zero otherwise. All other variables are defined in Appendix A. All 

the regressions include year and industry fixed effects. The t-statistics in parentheses are based on robust standard errors clustered 

at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  

 

Panel A. Full Sample 

Dependent Variable ln(Total pay) ln(Salary & bonus)  ln(Equity pay) Equity pay ratio 

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

PhD CEO 0.134*** 0.016 0.559*** 0.058*** 

 (2.982) (0.495) (3.623) (3.748)    

CEO MBA degree  0.056** 0.019 0.260*** 0.023*** 

 (2.017) (0.891) (2.685) (2.619)    

CEO law degree  0.089* 0.054 0.373* 0.019    

 (1.739) (1.289) (1.759) (1.049)    

Size 0.481*** 0.298*** 0.685*** 0.051*** 

 (35.934) (30.556) (15.634) (12.871)    

ln(age) 0.011 0.082*** 0.050 -0.028*** 

 (0.484) (4.733) (0.669) (-4.091)    

Tangibility -0.327*** -0.065 -0.242 -0.045    

 (-3.256) (-0.877) (-0.743) (-1.543)    

Tobin's Q 0.113*** 0.023** 0.193*** 0.027*** 

 (7.486) (2.475) (4.463) (6.871)    

Sales growth 0.134*** 0.141*** 0.139 0.002    

 (3.231) (4.604) (1.015) (0.122)    

Leverage -0.247*** -0.147** -0.153 -0.009    

 (-2.818) (-2.213) (-0.490) (-0.307)    

Stock return 0.012 0.068*** 0.026 -0.020*** 

 (0.776) (7.113) (0.508) (-3.927)    

Institutional ownership 0.200*** 0.136*** 0.710*** 0.066*** 

 (4.176) (3.949) (4.342) (4.376)    

ln(CEO age) -0.314*** 0.178* -1.624*** -0.222*** 

 (-2.701) (1.785) (-4.199) (-6.459)    

Stock return volatility  3.604*** -2.407*** 6.456* 1.512*** 

 (3.237) (-3.319) (1.882) (4.540)    

CEO chairman -0.003 0.004 -0.295*** -0.025*** 

 (-0.117) (0.195) (-3.073) (-2.900)    

CEO founder -0.104* -0.163*** -0.122 0.025    

 (-1.675) (-3.448) (-0.612) (1.400)    

General ability 0.119*** 0.034*** 0.246*** 0.026*** 

 (7.794) (2.727) (4.787) (5.376)    

ln(CEO tenure) -0.008 0.045*** -0.300*** -0.033*** 

 (-0.516) (3.655) (-5.756) (-7.002)    

Industry & Year FE Yes Yes Yes Yes 

N 11565 11565 11552 11536    

Adjusted R² 0.5041 0.5030 0.1863 0.1877    

 

Panel B. First years of New CEOs 
Dependent Variable ln(Total pay) ln(Salary & bonus)  ln(Equity pay) Equity pay ratio 

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

PhD CEO 0.246** 0.113 0.673** 0.060* 

 (2.265) (1.372) (2.065) (1.673) 

Controls as in Panel A Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes 

N 893 893 888 888 

Adjusted R² 0.4654 0.5255 0.1983 0.1817 
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Table 10. PhD CEOs and Learning through Strategic Alliances 
 

This table reports Tobit regression results of the relation between PhD CEOs and firm alliances, measured by the number of strategic 

alliances and joint ventures (model 1), the number of alliances (model 2), the number of R&D-related alliances (models 3-4). 

Models (5)-(7) examine the cumulative abnormal returns (CARs) during the [− 1, + 1] announcement window of alliances using 

OLS estimations. The CARs are calculated using the market model estimated over the 155-day period ending 15 days before the 

alliance announcement dates, with the CRSP value-weighted return as the market index. The sample consists of alliances or joint 

ventures involving at least a public U.S. firm or a subsidiary of a public U.S. firm. The t-statistics in parentheses are based on robust 

standard errors clustered at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable ln(alliances & JV) ln(alliances) ln(R&D alliances) Alliance announcement CARs  

Sample All Firms Firms with alliances 

  (1) (2) (3) (4) (5) (6) (7) 
PhD CEO  0.124** 0.122** 0.209*** 0.149*** 0.001 -0.001 -0.001    

 (2.242) (2.104) (3.046) (2.621)    (0.464) (-0.992) (-0.996)    
PhD CEO       0.008*** 0.008*** 

 × R&D alliance dummy      (2.853) (2.854)    

R&D alliance dummy      -0.000 -0.000    

      (-0.469) (-0.467)    
CEO MBA degree  0.011 0.009 0.065 0.007    0.001 0.001 0.001    

 (0.304) (0.230) (1.167) (0.144)    (0.671) (0.610) (0.614)    
CEO law degree  -0.127 -0.144* -0.107 -0.042    -0.001 -0.001 -0.001    

 (-1.642) (-1.790) (-0.872) (-0.439)    (-0.564) (-0.534) (-0.540)    
Size 0.412*** 0.393*** 0.329*** 0.121*** -0.001 -0.001 -0.001    

 (21.243) (19.331) (11.959) (4.789)    (-0.829) (-0.891) (-0.890)    
ln(age) 0.011 0.002 -0.010 0.036    -0.001 -0.001 -0.001    

 (0.381) (0.069) (-0.212) (0.858)    (-1.363) (-1.355) (-1.341)    
Tangibility  -0.102 -0.228 -0.008 -0.034    -0.006* -0.006 -0.006    

 (-0.745) (-1.550) (-0.036) (-0.181)    (-1.702) (-1.626) (-1.627)    
Tobin's Q 0.009 0.018 0.013 0.007    0.001** 0.001** 0.001**  

 (0.631) (1.324) (0.684) (0.474)    (1.973) (1.979) (1.991)    
Sales growth 0.078 0.054 0.043 0.045    0.002 0.002 0.002    

 (1.635) (1.086) (0.606) (0.772)    (1.036) (1.049) (1.044)    
Leverage -0.386*** -0.396*** -0.239 -0.072    0.005 0.005 0.005    

 (-3.176) (-3.048) (-1.380) (-0.451)    (1.111) (1.061) (1.063)    
Stock return -0.000 0.009 -0.017 -0.033    0.005*** 0.005*** 0.005*** 

 (-0.021) (0.453) (-0.496) (-1.107)    (4.481) (4.516) (4.505)    
Institutional ownership 0.625*** 0.573*** 0.467*** -0.094    -0.002 -0.002 -0.002    

 (6.593) (6.103) (3.685) (-0.901)    (-0.678) (-0.760) (-0.764)    
ln(CEO tenure) -0.034 -0.041* -0.009 -0.004    0.001 0.001 0.001    

 (-1.593) (-1.867) (-0.278) (-0.146)    (1.038) (1.007) (1.006)    
ln(CEO age) -0.122 -0.248 -0.215 -0.201    0.000 0.000 0.000    

 (-0.812) (-1.642) (-0.978) (-1.135)    (0.052) (0.089) (0.088)    
ln(CEO delta) 0.021 0.031 0.040 0.036    -0.002** -0.002** -0.002**  

 (1.025) (1.486) (1.280) (1.249)    (-2.472) (-2.488) (-2.464)    
ln(CEO vega) -0.002 0.003 -0.008 -0.023    0.001*** 0.001*** 0.001*** 

 (-0.164) (0.210) (-0.347) (-1.043)    (3.138) (3.322) (3.322)    
CEO stock ownership 0.001 0.159 0.262 -0.178    0.009 0.009 0.009    

 (0.001) (0.365) (0.455) (-0.330)    (0.817) (0.897) (0.878)    
R&D 4.793*** 5.432*** 5.440*** 2.519*** -0.010 -0.011 -0.011    

 (12.398) (13.673) (12.080) (6.422)    (-0.739) (-0.830) (-0.820)    
Joint venture       0.000    

       (0.274)    
Tech transfer alliances       0.000    

       (0.194)    
Domestic alliances       0.000    

       (0.526)    
No. of participants       0.000    

       (0.252)    

Industry & Year FE Yes Yes Yes Yes Yes Yes Yes 

N 12922 12922 12922 3211    16605 16605 16605    
Pseudo/Adjusted  R² 0.1989 0.2059 0.3081 0.2572    0.0064 0.0071 0.0068    
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Table 11. PhD CEOs and Abnormal Stock Returns 
 

This table presents OLS regression results examining the relation between PhD CEOs and firm abnormal return in the next year. 

Stock return is adjusted by DGTW benchmark portfolio return or by CRSP value-weighted market return. DGTW benchmark-

adjusted return (models 1-2) and Market-adjusted return (models 3-4) are one-year compound abnormal returns using CRSP 

monthly stock return file. Industry- & market-adjusted return (models 5-6) is the firm’s market-adjusted return minus industry 

median market-adjusted return. PhD CEO is a dummy equal to one if the CEO has doctorate degrees, and zero otherwise. All other 

variables are defined in Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. 

*, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable DGTW benchmark-   Market-adjusted returns  Industry- & market- 

 adjusted returns        adjusted returns  

  (1) (2)   (3) (4)   (5) (6) 

PhD CEO 0.038*** 0.043**  0.034** 0.043**  0.026** 0.036**  

 (2.873) (2.314)  (2.452) (2.166)  (2.093) (2.026)    

CEO MBA degree  0.017** 0.029**  0.016** 0.026**  0.010 0.021*   

 (2.271) (2.160)  (2.240) (2.020)  (1.446) (1.762)    

CEO law degree  0.006 0.050**  0.005 0.059**  -0.001 0.045**  

 (0.438) (1.975)  (0.349) (2.378)  (-0.081) (1.968)    

Size -0.024*** -0.008  -0.030*** -0.013  -0.018*** -0.010    

 (-3.731) (-0.708)  (-4.690) (-1.145)  (-3.266) (-0.951)    

ln(age) -0.008 -0.029**  -0.001 -0.019*  -0.005 -0.014    

 (-1.322) (-2.376)  (-0.164) (-1.661)  (-0.960) (-1.330)    

Tangibility -0.059** -0.095*  -0.047* -0.071  -0.048** -0.079*   

 (-2.227) (-1.748)  (-1.771) (-1.399)  (-2.084) (-1.713)    

ln(Book-to-market) 0.012*** 0.003  0.014*** 0.004  0.007** 0.002    

 (3.525) (0.543)  (3.991) (0.773)  (2.193) (0.466)    

ROA 0.365*** 0.354***  0.347*** 0.326***  0.264*** 0.265*** 

 (6.849) (4.028)  (6.282) (3.632)  (5.553) (3.309)    

Leverage 0.011 -0.057  0.039 -0.045  0.019 -0.053    

 (0.363) (-1.030)  (1.273) (-0.819)  (0.700) (-1.074)    

Institutional ownership 0.020 -0.018  0.030* -0.007  0.018 -0.006    

 (1.298) (-0.704)  (1.946) (-0.283)  (1.319) (-0.242)    

ln(CEO tenure) 0.004 -0.002  0.005 -0.008  0.002 -0.009    

 (0.876) (-0.296)  (1.054) (-1.085)  (0.558) (-1.172)    

ln(CEO age) -0.066** -0.044  -0.064** -0.035  -0.051* -0.021    

 (-2.273) (-0.830)  (-2.200) (-0.670)  (-1.881) (-0.434)    

CEO stock ownership 0.207*** 0.144  0.210*** 0.167  0.126** 0.126    

 (3.175) (1.101)  (3.137) (1.330)  (2.167) (1.093)    

Accruals -0.435*** -0.422***  -0.463*** -0.445***  -0.375*** -0.365*** 

 (-5.923) (-3.477)  (-6.185) (-3.706)  (-5.852) (-3.365)    

ln(citations/R&D)  0.026**   0.026**   0.018    

  (2.116)   (2.100)   (1.555)    

Industry & Year FE Yes Yes  Yes Yes  Yes Yes 

N 11110 4215   11110 4215   11110 4215    

Adjusted R² 0.0216 0.0365   0.0479 0.0523   0.0085 0.0118    
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Table 12. PhD CEOs and Long-Term Firm Performance     
 

This table presents OLS regression results examining the relation between PhD CEOs and cumulative changes in firm operating 

performance measured by ROA from year t to year t + τ, where 1 ≤ τ ≤ 4. PhD CEO is a dummy variable equal to one if the CEO 

has doctorate degrees, and zero otherwise. All other variables are defined in Appendix A. All the regressions include year and 

industry fixed effects. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and *** 

indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable Δ ROA t, t + 1 Δ ROA t, t + 2 Δ ROA t, t + 3 Δ ROA t, t + 4 

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

PhD CEO 0.002 0.007** 0.014*** 0.014**  

 (1.137) (2.051) (2.945) (2.183)    

CEO MBA degree  0.002** 0.001 0.002 0.001    

 (2.220) (0.531) (0.846) (0.393)    

CEO law degree  0.002 -0.001 -0.004 -0.006    

 (0.958) (-0.359) (-0.867) (-0.970)    

Size 0.001* 0.004*** 0.008*** 0.008*** 

 (1.700) (3.331) (4.933) (3.691)    

ln(age) 0.000 -0.003** -0.003 -0.004*   

 (0.297) (-2.129) (-1.480) (-1.720)    

Tangibility 0.008** 0.006 -0.005 0.003    

 (2.020) (0.869) (-0.549) (0.321)    

Tobin's Q  0.003*** 0.001 -0.002 -0.003    

 (3.697) (0.455) (-1.010) (-1.465)    

Sales growth -0.035*** -0.061*** -0.058*** -0.059*** 

 (-7.750) (-8.798) (-7.756) (-8.151)    

Leverage 0.055*** 0.072*** 0.060*** 0.057*** 

 (10.379) (8.570) (5.476) (4.315)    

Stock return 0.021*** 0.010*** 0.003 0.001    

 (12.030) (5.199) (1.385) (0.215)    

Institutional ownership -0.001 0.003 0.010** 0.014**  

 (-0.484) (0.686) (1.984) (2.173)    

ln(CEO tenure) 0.002* 0.004** 0.004* 0.007**  

 (1.673) (2.349) (1.837) (2.390)    

ln(CEO age) 0.003 -0.009 -0.017* -0.018    

 (0.612) (-1.218) (-1.729) (-1.324)    

ln(CEO delta) -0.005*** -0.009*** -0.012*** -0.009*** 

 (-5.849) (-6.375) (-6.472) (-4.075)    

ln(CEO vega) 0.000 -0.000 0.000 0.001    

 (0.292) (-0.144) (0.252) (1.161)    

CEO stock ownership 0.065*** 0.121*** 0.172*** 0.149*** 

 (5.183) (5.260) (6.011) (4.209)    

Industry & Year FE Yes Yes Yes Yes 

N 12008 10264 8109 6301    

Adjusted R² 0.0893 0.1248 0.1180 0.1031    
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Table 13. PhD CEOs and Merger Performance 
 

This table reports OLS regression results examining the relation between PhD CEOs and merger announcement returns. The 

dependent variable is the acquirer’s cumulative abnormal returns (CARs) during the [− 1, + 1] announcement window, which is 

calculated using the market model estimated over the 155-day period ending 15 days before the acquisition announcement dates, 

with the CRSP value-weighted return as the market index. Model (1) shows the results for the full sample; models (2)–(7) report 

results of subsamples split by bidder’s R&D intensity, target public status, and CEO tenure. PhD CEO is a dummy equal to one if 

the CEO has doctorate degrees, and zero otherwise. Other variables are defined in Appendix A. All the regressions include year 

and industry fixed effects. The sample consists of completed mergers involving a public U.S. acquirer and a U.S. target over 1992—

2009. We require that the bidder purchases 50% or more of the target’s shares during the transaction and possesses less than 50% 

of the target prior to the acquisition. Deal information is from the SDC M&A database. The t-statistics in parentheses are based on 

standard errors clustered by acquirer. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable: Merger cumulative abnormal stock returns of the bidder during [− 1, + 1] event days 

Sample All Firms by Acquirer R&D by Target Status by CEO tenure 

    High Low Private Public  <= 5 years > 5 years 

  (1) (2) (3) (4) (5) (6) (7) 

PhD CEO -0.007* -0.012** -0.001 -0.010** -0.003 -0.010* -0.001    

 (-1.894) (-2.100) (-0.340) (-2.043) (-0.802) (-1.959) (-0.261)    

CEO MBA degree -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.000    

 (-0.323) (-0.161) (-0.372) (-0.386) (-0.333) (-0.510) (-0.034)    

CEO law degree 0.004 0.001 0.004 0.002 0.005 0.003 0.003    

 (0.821) (0.123) (0.688) (0.351) (0.855) (0.530) (0.352)    

Acquirer cash flow 0.016 0.027 -0.001 0.054* -0.018 -0.000 0.031    

 (0.686) (0.655) (-0.036) (1.715) (-0.623) (-0.012) (0.982)    

Acquirer size -0.002*** -0.002 -0.003*** -0.002 -0.003** -0.003*** -0.001    

 (-2.765) (-1.286) (-2.923) (-1.471) (-2.559) (-3.339) (-1.072)    

Acquirer leverage 0.007 -0.008 0.009 0.020 -0.005 0.013 -0.005    

 (0.834) (-0.413) (0.969) (1.530) (-0.512) (1.244) (-0.367)    

Acquirer Tobin’s Q -0.001 -0.002 -0.001 -0.001 -0.001 -0.001 -0.002*   

 (-1.045) (-1.392) (-0.624) (-0.862) (-0.989) (-0.559) (-1.697)    

Private target -0.004* -0.009 -0.003 0.000 0.000 -0.006* -0.002    

 (-1.867) (-1.499) (-1.371)   (-1.820) (-0.566)    

Public target -0.024*** -0.024*** -0.024***   -0.025*** -0.020*** 

 (-6.703) (-2.855) (-6.365)   (-5.862) (-3.387)    

Diversifying merger -0.002 0.001 -0.003 0.001 -0.003 -0.003 -0.001    

 (-0.967) (0.183) (-1.398) (0.175) (-1.344) (-1.051) (-0.153)    

Domestic merger 0.000 -0.002 0.001 -0.001 0.001 -0.001 0.003    

 (0.152) (-0.422) (0.506) (-0.200) (0.198) (-0.568) (1.096)    

Stock deal -0.004 0.003 -0.006 0.005 -0.015*** -0.007 -0.003    

 (-1.384) (0.442) (-1.602) (1.079) (-3.329) (-1.608) (-0.602)    

All cash deal 0.004** 0.008 0.002 0.003 0.004* 0.002 0.006*   

 (2.025) (1.557) (1.173) (0.818) (1.685) (0.717) (1.863)    

ln(CEO age) -0.002 -0.019 0.000 -0.011 0.004 -0.004 0.003    

 (-0.272) (-0.992) (0.022) (-0.892) (0.384) (-0.417) (0.197)    

ln(CEO tenure) 0.001 0.005* -0.001 0.000 -0.000 0.001 -0.000    

 (0.412) (1.705) (-0.955) (0.226) (-0.048) (0.327) (-0.027)    

Relative deal size 0.000 -0.066*** 0.011 0.043** -0.007 -0.002 0.002    

 (0.012) (-2.659) (1.351) (2.051) (-0.732) (-0.161) (0.158)    

tender offer 0.018*** 0.021*** 0.018*** 0.030*** 0.013*** 0.016*** 0.019**  

 (4.106) (2.801) (3.281) (2.741) (2.919) (3.091) (2.513)    

Hostile 0.002 -0.009 0.005  0.003 0.008 -0.007    

 (0.125) (-0.561) (0.348)  (0.274) (0.426) (-0.462)    

Toehold 0.001 -0.004 0.006 -0.000 -0.000 0.006 -0.008    

 (0.210) (-0.298) (0.827) (-0.009) (-0.028) (0.888) (-0.571)    

Industry & Year FE Yes Yes Yes Yes Yes Yes Yes 

N 4993 1429 3564 2114 2879 2910 2083    

Adjusted R² 0.0263 0.0392 0.0270 0.0019 0.0465 0.0364 0.0161    
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Table 14. PhD CEO Tenure and Turnover  
 

This table presents the OLS regression results of PhD CEO tenure and logit regression results of the probability of a PhD CEO 

turnover. The dependent variables are the natural logarithm of one plus the number of years the CEO has been in the current firm 

(models 1-2), and a dummy equal to one if there is a CEO turnover in a given company (models 3-7). PhD CEO is a dummy equal 

to one if the CEO has doctorate degrees, and zero otherwise. Industry-adjusted ROA is the firm’s ROA minus the ROA of the 

median firm in the same industry every year. Industry-adjusted return is the firm’s stock return minus the stock return of the median 

firm in the same industry every year. Industry is defined at the two-digit SIC code level. All variables are defined in Appendix A. 

All the regressions control for year and industry fixed effects. The t-statistics in parentheses are based on robust standard errors 

clustered at the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.  

 

Dependent Variable: ln(CEO tenure) CEO turnover dummy 

  (1) (2) (3) (4) (5) (6) (7) 

PhD CEO  0.226*** 0.140** -0.228** -0.256** -0.183 -0.164 -0.196*   

 (3.659) (2.545) (-2.177) (-2.391) (-1.636) (-1.487) (-1.809)    

PhD CEO     0.980    
  × ROAt - 1    (1.202)    
PhD CEO     1.352   
  × Industry-adjusted ROAt - 1    (1.471)   
PhD CEO       -0.197  
  × Stock returnt - 1      (-1.209)  
PhD CEO         -0.248    

  × Industry-adjusted returnt - 1      (-1.379)    

CEO MBA degree  -0.136*** -0.039 -0.054 -0.055 -0.074 -0.068 -0.070    

 (-4.006) (-1.201) (-0.842) (-0.865) (-1.121) (-1.040) (-1.064)    

CEO law degree  0.010 0.003 -0.059 -0.066 -0.103 -0.110 -0.106    

 (0.145) (0.051) (-0.450) (-0.502) (-0.754) (-0.795) (-0.774)    

Size -0.057*** -0.043*** 0.040* 0.040* 0.027 0.007 0.009    

 (-4.562) (-3.556) (1.671) (1.655) (1.082) (0.281) (0.344)    

ln(age) 0.037 0.010 -0.040 -0.040 -0.055 -0.068 -0.071    

 (1.631) (0.438) (-0.826) (-0.836) (-1.111) (-1.392) (-1.455)    

Tangibility  -0.035 -0.079 -0.083 -0.164 -0.248 -0.238    

  (-0.334) (-0.361) (-0.380) (-0.759) (-1.146) (-1.100)    

Tobin's Q  0.031*** 0.010 0.011 0.011 -0.005 -0.003    

  (3.036) (0.417) (0.438) (0.410) (-0.206) (-0.134)    

Sales growth   0.156*** -0.300*** -0.298*** -0.281** -0.264** -0.272**  

  (4.563) (-2.615) (-2.589) (-2.286) (-2.017) (-2.091)    

Leverage  -0.007 -0.387* -0.384* -0.382* -0.208 -0.188    

  (-0.074) (-1.773) (-1.759) (-1.725) (-0.942) (-0.866)    

Institutional ownership  0.218*** -0.259** -0.259** -0.269** -0.353*** -0.354*** 

  (4.328) (-2.467) (-2.464) (-2.514) (-3.331) (-3.352)    

ln(CEO age)  2.210*** 4.701*** 4.689*** 4.806*** 4.722*** 4.779*** 

  (19.990) (15.711) (15.655) (15.595) (15.186) (15.364)    

CEO stock ownership  4.304*** -6.225*** -6.243*** -6.965*** -7.020*** -7.067*** 

  (16.481) (-7.401) (-7.421) (-7.751) (-7.900) (-7.933)    

Stock returnt - 1  -0.019** -0.219*** -0.219*** -0.251*** -0.117**  

  (-1.963) (-4.271) (-4.273) (-4.675) (-2.085)  
ROAt - 1   -1.837*** -1.967***    
   (-5.642) (-5.618)    
Industry-adjusted ROAt - 1    -2.011***   
     (-5.101)   
Industry-adjusted returnt - 1      -0.139**  

       (-2.257)    

N 15145 15145 15043 15043 13606 13514 13596    

Adjusted/Pseudo R² 0.0364 0.2495 0.0779 0.0781 0.0782 0.0723 0.0735 
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APPENDIX A 

Table A.1. Variable Descriptions 

Variable Definition and Data Source 

A. Innovation  Sources: KPSS (Kogan et al. 2017) and HBS (Li et al. 2014) patent databases 

No. of patents total number of patents applied for (and eventually granted) in a year 

Citation (raw) count total number of citations received by patents applied for every year 

Citation (adjusted) count total number of rescaled citations each year, calculated as the number of citations of each patent divided by the average citation 

counts of patents in the same technology class and year, and then summed across all patents filed by the firm in a year 

Citations/patent total number of citations received on the firm’s patents, scaled by the number of patents filed during the year 

Generality one minus the Herfindahl concentration index based on the percentage of patent citations (in other technology class) received by 

a patent. Higher score suggests that the patent is cited by patents across a wider set of technology classes 

Originality one minus the Herfindahl concentration index based on the percentage of patent citations (in other technology class) made by a 

patent. Higher score suggests that the patent cites previous patents that span a wide range of technology classes 

Exploratory patents 60% or 

80% 

total number of exploratory patents. A patent is classified as exploratory if at least 60% or 80% of its backward citations are based 

on new knowledge that is outside of the existing knowledge base, which consists of the firm’s granted patents and patents 

cited by the firm's patents filed in the past five years. 

Patents top cited 5% or 

10% 

total number of patents that fall in the top 5% or 10% of the citation distribution in the corresponding three-digit technology class 

and application year 

Uncited patents total number of patents without any forward citations 

Patent value  the market value of new patents during the year calculated as the firm’s market capitalization multiplies the three-day market-

adjusted cumulative abnormal returns surrounding patent approval dates, converted into 2006 dollars ($ millions) 

Value/patent  the average stock market value of a new patent ($ millions) during the year 

B. CEO Characteristics Sources: ExecuComp, Boardex, HBS patent, and the 1940 Decennial Federal Census Databases 

PhD CEO an indicator variable equals one if a CEO has doctorate degrees, and zero otherwise. To identify, we first carefully examine and 

look up the 900 types of degrees recorded in the director education file. We then search qualifications containing the keywords 

such as "Doctor", "Doctorate," "Dr," "DPhil," "PhD," "Doctoral," "Postdoctoral," "PharmD," "DDM," "DDS," "DEng," 

"DMSc," "DPM," "DSc," "DM," "DMD," "DHA," "DVM," "MD," "ScD" and "VMD." 

CEO MBA degree an indicator variable equals one if a CEO holds an MBA degree, which is recorded as "MBA," "MSBA," and "Executive Masters 

in Business Administration." 

CEO law degree an indicator equals one if a CEO has law-related degrees such as "JD," "SJD," "Doctor of Jurisprudence," "Doctor of Law," "LLB," 

"LLD," "LLL," "LLM," "MCJ," etc. We also manually check degrees containing "Law," "Attorney" or "USPTO." 

CEO age the age of the current CEO during the fiscal year, measured in years 

CEO tenure number of years the CEO has been in the current firm 

CEO delta the dollar increase in the CEO’s wealth for a 1% increase in stock price computed using the one-year approximation method of 

Core and Guay (2002), converted into 2006 dollars ($ thousands) 

CEO vega the dollar increase in the CEO’s option holdings for a 1% increase in stock return volatility, converted into 2006 dollars ($ 

thousands) (Core and Guay 2002) 

CEO stock ownership the ratio of the CEO’s holdings of common stocks to the firm's total shares outstanding 

High latent ability a dummy variable equals one if the age at which the individual took the first CEO position is in the bottom decile among all the 

CEOs in the sample, and zero otherwise (Falato, Li, and Milbourn 2015) 
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General ability the first factor of the principle components analysis of five proxies for general ability: past number of different positions, number 

of firms, number of industries, past CEO experience, and conglomerate firm experience (Custodio, Ferreira, and Matos 2014). 

CEO overconfidence an indicator equal to one subsequent to the year in which a CEO holds stock options that are more than 67% in the money 

(Malmendier and Tate 2005; Campbell et al. 2011; Hirshleifer, Low, and Teoh 2012) 

Inventor CEO a dummy equal to one if the CEO is listed as the inventor for the patent applied before the given fiscal year. 

Total pay total value of a CEO’s compensation package including option grants for the year, converted into 2006 dollars ($ thousands) 

Salary & bonus value of a CEO’s total salary and bonus for the year in ExecuComp, converted into 2006 dollars ($ thousands). 

Equity pay value of a CEO’s total restricted stock and option grants for the year in ExecuComp, converted into 2006 dollars ($ thousands) 

Equity pay ratio the amount of equity compensation over total compensation 

CEO chairman a dummy equal to one if the CEO also serves as board chair, and zero otherwise 

CEO founder a dummy equal to one if the CEO is the founder or co-founder of the firm, and zero otherwise 

C. Firm Characteristics Sources: Compustat, CRSP, Thomson CDA/Spectrum, SDC M&A and I/B/E/S 

Assets the book value of assets, converted into 2006 dollars ($ millions) 

Size Natural logarithm of book assets 

Age the number of years the firm is listed with a non-missing stock price on Compustat 

Tangibility the ratio of net property, plant, and equipment to book assets 

Tobin’s Q total assets minus book value of common equity plus the market value of common equity, divided by book value of assets 

Sales growth the sales growth rate from year t − 1 to year t 

Leverage the ratio of long-term debt plus debt in current liabilities to total assets 

stock return the firm’s stock return averaged over the fiscal year 

Institutional ownership the fraction of shares held by institutions over fiscal year, calculated as the mean of the four quarterly institutional holdings 

ROA the ratio of net income to total book assets 

Industry-adjusted ROA the firm’s ROA minus the ROA of the median firm in the same industry every year, where industry is at the two-digit SIC level 

Industry-adjusted profit 

margin 

the firm’s profit margin minus the profit margin of the median firm in the same industry every year; profit margin is the ratio of 

net income to total revenue 

Abs(accruals) the absolute value of accruals over lag assets. Accruals are calculated using the balance sheet method as the change in current 

assets less the change in cash assets minus the change in current liabilities plus the change in short-term debt excluding 

depreciation and amortization expense (Kothari, Leone, and Wasley 2005) 

Abs(disc. accruals) the absolute value of discretionary accruals using modified Jones (1991) model that adjusts for operating performance. The 

discretionary accruals are computed as the residuals from the following cross-sectional regression, which is estimated each 

year for each industry (at the 2-digit SIC code) with at least 15 observations.  

(Accrualst/Assetst - 1) = α + β1 × (1/Assetst - 1) + β2 × ((∆Salest - ∆Account Receivablest)/Assetst - 1) + β3 × (PPEt/Assetst - 1) + β4 

× ROAt + εt 

Abnormal CFO the firm's actual cash flow from operations (CFO) minus normal level of CFO, where normal CFO is the predicted value from the 

following cross-sectional regression estimated for each industry-year with at least 15 observations (Roychowdhury 2006).  

(CFOt/Assetst - 1) = a + β1 × (1/Assetst - 1) + β2 × (Salest/Assetst - 1) + β3 × (∆Salest/Assetst - 1) + εt 

Abnormal PROD the firm's actual production costs (PROD) minus normal level of PROD, where normal PROD is the predicted value from the 

following cross-sectional regression estimated for each industry-year with at least 15 observations. 

(PRODt/Assetst - 1) = a + β1 × (1/Assetst - 1) + β2 × (Salest/Assetst - 1) + β3 × (∆Salest/Assetst - 1) + β4 × (∆Salest - 1/Assetst - 1) + εt  

where PROD is the sum of cost of goods sold and ∆ inventory from previous year 
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Abnormal DEXP the firm's actual discretionary expenditures (DEXP) minus normal level of DEXP, where normal DEXP is the predicted value 

from the following cross-sectional regression estimated for each industry-year with at least 15 observations. 

(DEXPt/Assetst - 1) = a + β1 × (1/Assetst - 1) + β2 × (Salest - 1/Assetst - 1) + εt 

where DEXP is the sum of R&D, Advertising, and SG&A expenses; missing values of R&D and Advertising are set to zero. 

Analyst coverage the number of financial analysts following the firm as reported in I/B/E/S 

Equity issues the ratio of stock issuances to book assets 

Share buybacks the ratio of share repurchases to book assets 

Dividends the ratio of total dividends paid to book assets 

R&D the ratio of R&D expenditures to book assets; missing values are set to zero 

High Analyst Coverage an indicator equal to one for firms followed by above-median number of financial analysts in the sample for any given year 

Homogenous Industries an indicator equal to one for industries in which the fraction of externally hired CEOs is above the sample median in any given 

year (Cremers and Grinstein 2014) 

Market-adjusted returns the one-year compound abnormal returns adjusted by CRSP value-weighted market returns, calculated based on CRSP monthly 

stock return file 

DGTW benchmark-

adjusted returns 

one-year compound abnormal returns adjusted by DGTW benchmark portfolio returns formed from 5 × 5 × 5 independent triple 

sorts on size, book-to-market ratio, and momentum, calculated based on CRSP monthly stock return file 

Industry- & market-

adjusted returns 

the firm’s market-adjusted returns minus the market-adjusted returns of the median firm in the same industry (2-digit SIC) every 

year 

Citations/R&D total number of citations over the past five years divided by the sum of past R&D expenditures from years t − 3 to t − 7. 

No. of alliances & JV the number of strategic alliances and joint ventures that the firm has established 

No. of R&D alliances the number of R&D-related alliances that the firm has established 

Alliance announcement 

returns 

the cumulative abnormal returns (CARs) during the [− 1, + 1] announcement window of alliance participants. The CARs are 

calculated using the market model estimated over the 155-day period ending 15 days before the alliance announcement dates, 

with the CRSP value-weighted return as the market index. Deal information is from the SDC Alliance database. 

Merger announcement 

returns 

the acquirer’s cumulative abnormal returns (CARs) during the [− 1, + 1] announcement window, which is calculated using the 

market model estimated over the 155‒day period ending 15 days before the acquisition announcement dates, with the CRSP 

value-weighted return as the market index. Deal information is from the SDC M&A database. 

D. State Antitakeover 

Laws  

Source: Karpoff and Wittry (2018)  

Poison Pill (PP) Law an indicator equal to one if a poison pill law is in place in the firm’s state of incorporation in a given year, and zero otherwise.  

Business Combination 

(BC) Law 

an indicator equal to one if a business combination law is in place in the firm’s state of incorporation in a given year, and zero 

otherwise. 

Directors’ Duties (DD) 

Law 

an indicator equal to one if a directors’ duties (constituency) law is in place in the firm’s state of incorporation in a given year, 

and zero otherwise. 
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Table IA.1. First-Differences Regressions 

 

This table presents the OLS regression results of change in firm innovation on change in PhD CEO using a first-differences 

specification. The dependent variables are changes of one-year forward changes in the innovation measures: the natural logarithm 

of one plus total number of patents (ln(patents)), the natural logarithm of one plus total number of citations (ln(citations)), the 

natural logarithm of one plus total number of adjusted citations (ln(adjusted citations)), the natural logarithm of one plus citations 

per patent (ln(citations/patent)) and the average generality and originality scores of patents. Δ PhD CEO is the change in PhD 

CEO, which is an indicator equal to one if the CEO has doctorate degrees, and zero otherwise. All the regressions include year and 

industry (2-digit SIC code) fixed effects. The sample comprises all non-financial and non-utility U.S. industrial firms from 1992 to 

2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS patent database, and CRSP. All variables are defined in 

Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and *** indicate 

statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable: Δ ln(patents) Δ ln(citations) 
Δ ln(adjusted 

citations)  

Δ ln(citations/ 

patent)  
Δ Generality Δ Originality  

  (1) (2) (3) (4) (5) (6) 

Δ PhD CEO 0.138*** 0.252*** 0.135*** 0.139*** 0.025** 0.033**  

 (3.525) (3.578) (2.608) (2.876) (2.106) (2.157)    

Δ CEO MBA degree  0.029 0.079* 0.046 0.055* 0.013* 0.000    

 (1.124) (1.768) (1.367) (1.860) (1.850) (0.028)    

Δ CEO law degree  -0.050 -0.012 -0.064 0.038 0.011 -0.004    

 (-1.285) (-0.150) (-0.913) (0.744) (1.059) (-0.322)    

Δ Size 0.112*** 0.188*** 0.126*** 0.069 0.014 -0.001    

 (3.652) (2.739) (3.076) (1.587) (1.612) (-0.056)    

Δ ln(age) 0.185** 0.360** 0.161 0.078 0.002 -0.015    

 (2.275) (2.026) (1.550) (0.641) (0.094) (-0.545)    

Δ Tangibility 0.209** 0.340 0.127 0.111 0.018 0.018    

 (2.073) (1.530) (0.963) (0.748) (0.558) (0.438)    

Δ Tobin's Q -0.009 -0.006 -0.011 -0.006 -0.001 -0.002    

 (-1.001) (-0.281) (-0.920) (-0.396) (-0.262) (-0.652)    

Δ Sales growth  -0.047** -0.086* -0.048* -0.033 -0.008 -0.005    

 (-2.150) (-1.854) (-1.741) (-0.973) (-1.121) (-0.514)    

Δ Leverage -0.018 -0.022 0.030 -0.016 -0.018 0.027    

 (-0.251) (-0.152) (0.309) (-0.166) (-0.759) (1.054)    

Δ Stock return 0.002 -0.005 -0.011 -0.002 -0.002 0.002    

 (0.262) (-0.386) (-1.407) (-0.205) (-0.916) (0.756)    

Δ Institutional ownership -0.098* -0.139 -0.123* -0.025 0.010 -0.030*   

 (-1.697) (-1.432) (-1.755) (-0.402) (0.737) (-1.702)    

Δ ln(1+CEO delta) -0.001 0.004 0.009 0.001 -0.000 -0.001    

 (-0.127) (0.229) (0.770) (0.049) (-0.058) (-0.301)    

Δ ln(1+CEO vega) -0.008 -0.012 -0.007 -0.004 0.000 -0.001    

 (-1.213) (-0.828) (-0.816) (-0.345) (0.110) (-0.347)    

Δ CEO stock ownership 0.245 0.455 0.246 0.276 0.023 0.056    

 (1.000) (0.676) (0.797) (0.610) (0.372) (0.774)    

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 10842 10842 10842 10842 10842 10842    

Adjusted R² 0.0083 0.0154 0.0124 0.0090 0.0028 0.0038    

 

 

 

  

 Electronic copy available at: https://ssrn.com/abstract=3378057 



64 

 

Table IA.2. Propensity Score Matching Analysis 

 

This table presents the results on the relation between PhD CEOs and firm innovation using a propensity score matched sample. 

Treated firms are defined as firms that hired a PhD CEO. Each treated firm is matched to firms that hired a non-PhD CEO using 

propensity score matching (with replacement and a radius of 1%). Firms are matched in the hiring year by firm’s Size, Tobin’s Q, 

ln(age), Leverage, and Tangibility, R&D, industry-adjusted profit margin, Market-adjusted return, and ln(patents). Panel A reports 

the results of balance tests of matched treatment and control groups in the first year of CEO appointment. Panel B presents the 

OLS regression results using the matched samples. The dependent variables are one-year forward: the natural logarithm of one plus 

total number of patents (ln(patents)), the natural logarithm of one plus total number of citations (ln(citations)), the natural logarithm 

of one plus total number of adjusted citations (ln(adjusted citations)), the natural logarithm of one plus citations per patent 

(ln(citations/patent)) and the average generality and originality scores of patents. The full sample comprises all non-financial and 

non-utility U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS patent database, 

and CRSP. All variables are defined in Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at 

the firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 
Panel A. Balance Tests 

Sample Firms hiring PhD CEOs Firms hiring non-PhD CEOs     

 n=51  n=238    
Variable Mean   Mean   Diff. p-value 

Size  7.96  7.48  0.49 0.05* 

R&D  0.04   0.04   0.00 0.67 

Industry-adjusted profit margin  -0.03  -0.03  -0.01 0.72 

Market-adjusted return  -0.01  0.02  -0.03 0.69 

Tobin's Q 1.93  1.86  0.07 0.72 

ln(age)  3.20  3.06  0.14 0.20 

Leverage  0.21  0.20  0.01 0.63 

Tangibility  0.30   0.29   0.01 0.71 

 

Panel B. Multivariate Tests 

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.521*** 0.928*** 0.555** 0.363** 0.057** 0.047*   

 (2.674) (2.807) (2.537) (2.145) (2.157) (1.927)    

R&D  14.118*** 19.871*** 14.232*** 7.194*** 1.259*** 1.498*** 

 (7.550) (6.518) (6.858) (4.901) (4.505) (5.481)    

Industry-adjusted profit margin 0.591* 1.151** 0.336 0.693** 0.112** 0.068    

 (1.855) (2.250) (0.908) (2.558) (2.312) (1.072)    

Market-adjusted return -0.094* -0.045 -0.086 0.012 -0.001 0.006    

 (-1.813) (-0.489) (-1.357) (0.229) (-0.128) (0.632)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 1528 1528 1528 1528 1528 1528 

Adjusted R² 0.6811 0.5995 0.5887 0.4358 0.3611 0.4508    
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Table IA.3. Excluding Firms with Short-Tenured CEOs 

 

This table presents the Tobit regression results on the relation between PhD CEOs and innovation after excluding firms with CEOs 

having tenure less than three years (Panel A) or five years (Panel B). The dependent variables are one-year forward natural 

logarithm of one plus total number of patents (ln(patents)), the natural logarithm of one plus total number of citations (ln(citations)), 

the natural logarithm of one plus total number of adjusted citations (ln(adjusted citations)), the natural logarithm of one plus 

citations per patent (ln(citations/patent)) and the average generality (Generality) and originality (Originality) scores of patents. 

PhD CEO is an indicator equal to one if a CEO has doctorate degrees, and zero otherwise. All the regressions include baseline 

controls, year and industry (2-digit SIC code) fixed effects. The sample comprises all non-financial and non-utility U.S. industrial 

firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS patent database, and CRSP. All variables 

are defined in Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and 

*** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 
Panel A. Excluding CEOs Having Tenure Less Than Three Years 

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.724*** 1.135*** 0.798*** 0.526*** 0.099*** 0.112*** 

 (3.772) (3.528) (3.599) (3.298) (3.270) (3.196)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 8117 8117 8117 8117 8117 8117    

Pseudo R² 0.2619 0.2257 0.2502 0.2354 0.4707 0.3701    

 
Panel B. Excluding CEOs Having Tenure Less Than Five Years 

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.674*** 1.071*** 0.753*** 0.517*** 0.085** 0.109*** 

 (3.116) (2.937) (3.016) (2.878) (2.409) (2.775)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 6227 6227 6227 6227 6227 6227    

Pseudo R² 0.2651 0.2284 0.2522 0.2403 0.4720 0.3730    
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Table IA.4. Alternative Story I—CEO Overconfidence 

This table presents the OLS regression results on the relation between PhD CEOs and innovation after controlling for CEO 

overconfidence using specification in Hirshleifer, Low, and Teoh (2012). CEO overconfidence is an indicator equal to one 

subsequent to the year in which a CEO holds stock options that are more than 67% in the money. The dependent variables are one-

year forward natural logarithm of one plus the total number of patents, the natural logarithm of one plus total number of citations, 

the natural logarithm of one plus total number of weighted citations (using the weighting index in the NBER patent database), the 

natural logarithm of one plus citations per patent, and the average generality and originality scores of patents. PhD CEO is an 

indicator equal to one if a CEO has doctorate degrees, and zero otherwise. All the regressions include year and industry (2-digit 

SIC code) fixed effects. The sample comprises all non-financial and non-utility U.S. industrial firms from 1992 to 2005 in the 

intersection of ExecuComp, BoardEx, Compustat, NBER patent database, and CRSP. All variables are defined in Appendix A. 

The t-statistics in parentheses are based on robust standard errors clustered at the firm level. *, **, and *** indicate statistical 

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

 

Dependent Variable ln(patents)  ln(citations)  
ln(weighted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.252** 0.305** 0.417*** 0.098** 0.041*** 0.042** 

 (2.252) (2.254) (2.602) (2.376) (2.756) (2.203) 

CEO overconfidence 0.112** 0.215*** 0.214*** 0.057*** 0.007 0.002 

 (2.364) (3.727) (3.055) (2.863) (0.876) (0.196) 

Size 0.416*** 0.403*** 0.481*** 0.056*** 0.034*** 0.038*** 

 (11.843) (10.150) (10.207) (4.852) (7.999) (7.931) 

Tangibility -0.218 -0.150 -0.301 -0.100 -0.002 -0.062* 

 (-0.782) (-0.485) (-0.801) (-1.102) (-0.064) (-1.691) 

Stock return 0.066*** 0.129*** 0.132*** 0.052*** 0.005 0.010** 

 (3.319) (4.908) (3.976) (5.201) (1.328) (2.508) 

Institutional ownership 0.143 0.264** 0.323** 0.136*** 0.042*** 0.040** 

 (1.387) (2.191) (2.206) (3.537) (2.933) (2.385) 

ln(CEO tenure) -0.042 -0.065* -0.072 -0.013 -0.005 0.002 

 (-1.423) (-1.688) (-1.588) (-0.980) (-0.904) (0.328) 

ln(CEO delta) 0.011 0.006 0.009 -0.007 -0.005 -0.012*** 

 (0.400) (0.180) (0.225) (-0.624) (-1.301) (-2.622) 

ln(CEO vega) 0.094*** 0.070* 0.125*** 0.028** 0.011** 0.021*** 

 (3.178) (1.889) (2.841) (2.271) (2.532) (4.069) 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 8830 8830 8830 8830 8830 8830 

Adjusted R² 0.5077 0.4919 0.4877 0.4621 0.3590 0.3803 
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Table IA.5. Alternative Story II—Inventor CEOs and Innovation Experience 

 

This table presents the Tobit regression results on the relation between PhD CEOs and innovation after controlling for CEO 

innovation experience. Inventor CEO is a dummy equal to one if the CEO is listed as the inventor for the patent applied before the 

given fiscal year. Innovative sector experience is an indicator equal to one if a CEO has previously worked in innovative sectors. 

Ln(number of years in innovative sectors) is natural logarithm of one plus the number of years working in innovative sectors in the 

past. The dependent variables are one-year forward natural logarithm of one plus total number of patents (ln(patents)), the natural 

logarithm of one plus total number of citations (ln(citations)), the natural logarithm of one plus total number of adjusted citations 

(ln(adjusted citations)), the natural logarithm of one plus citations per patent (ln(citations/patent)) and the average generality 

(Generality) and originality (Originality) scores of patents. PhD CEO is an indicator equal to one if a CEO has doctorate degrees, 

and zero otherwise. All the regressions include baseline controls, year and industry (2-digit SIC code) fixed effects. The sample 

comprises all non-financial and non-utility U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, 

Compustat, KPSS patent database, and CRSP. The t-statistics in parentheses are based on robust standard errors clustered at the 

firm level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Panel A. CEOs are Inventors  

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.562*** 0.849*** 0.590*** 0.390*** 0.069*** 0.085*** 

 (3.728) (3.413) (3.399) (3.143) (2.895) (3.050)    

Inventor CEO 0.798*** 1.254*** 0.872*** 0.560*** 0.115*** 0.123*** 

 (4.701) (4.631) (4.477) (4.248) (4.388) (4.042)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12893 12893 12893 12893 12893 12893    

Pseudo R² 0.2609 0.2246 0.2499 0.2290 0.4696 0.3628    
 

Panel B. Dummy of Experience in Innovative Sectors  

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.615*** 0.929*** 0.649*** 0.420*** 0.074*** 0.092*** 

 (4.006) (3.693) (3.676) (3.391) (3.122) (3.322)    

Innovative sector  0.351*** 0.600*** 0.399*** 0.318*** 0.078*** 0.065**  

experience (2.716) (2.803) (2.666) (2.975) (3.327) (2.511)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12895 12895 12895 12895 12895 12895    

Pseudo R² 0.2594 0.2235 0.2487 0.2284 0.4692 0.3615    
 

Panel C. Years of Experience in Innovative Sectors   

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.622*** 0.941*** 0.657*** 0.426*** 0.078*** 0.094*** 

 (4.038) (3.716) (3.703) (3.398) (3.225) (3.356)    

ln(number of years 0.146*** 0.247*** 0.164** 0.135*** 0.023** 0.024**  

in innovative sectors) (2.607) (2.649) (2.537) (2.905) (2.285) (2.226)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12895 12895 12895 12895 12895 12895    

Pseudo R² 0.2593 0.2234 0.2486 0.2284 0.4675 0.3611    
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Table IA.6. Alternative Story III—CEO Power 

 

This table presents the Tobit regression results on the relation between PhD CEOs and innovation after controlling for proxies of 

CEO power. CEO chairman is an indicator equal to one if the CEO also serves as board chair, and zero otherwise. CEO founder is 

an indicator equal to one if the CEO is also the founder or co-founder of the company. The dependent variables are one-year forward 

natural logarithm of one plus total number of patents (ln(patents)), the natural logarithm of one plus total number of citations 

(ln(citations)), the natural logarithm of one plus total number of adjusted citations (ln(adjusted citations)), the natural logarithm of 

one plus citations per patent (ln(citations/patent)) and the average generality (Generality) and originality (Originality) scores of 

patents. PhD CEO is an indicator equal to one if a CEO has doctorate degrees, and zero otherwise. All the regressions include 

baseline controls, year and industry (2-digit SIC code) fixed effects. The full sample comprises all non-financial and non-utility 

U.S. industrial firms from 1992 to 2009 in the intersection of ExecuComp, BoardEx, Compustat, KPSS patent database, and CRSP. 

All variables are defined in Appendix A. The t-statistics in parentheses are based on robust standard errors clustered at the firm 

level. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. 

 

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  
ln(citations/patent)  Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.580*** 0.881*** 0.613*** 0.409*** 0.074*** 0.091*** 

 (3.804) (3.503) (3.503) (3.246) (3.047) (3.215)    

CEO chairman 0.195** 0.265* 0.187* 0.108 0.018 0.041**  

 (1.985) (1.666) (1.671) (1.374) (1.134) (2.252)    

CEO founder 0.547*** 0.844*** 0.588*** 0.345** 0.061** 0.058**  

 (3.349) (3.090) (3.048) (2.542) (2.210) (1.965)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12895 12895 12895 12895 12895 12895    

Pseudo R² 0.2605 0.2241 0.2495 0.2284 0.4677 0.3619    
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Table IA.7. Alternative Story IV—Innate Talent 
 

This table presents the Tobit regression results of the relation between PhD CEOs and firm innovation after controlling for CEO 

innate talent. High latent ability is a dummy variable equals one if the age at which the individual took the first CEO position falls 

in the bottom decile among all the CEOs in the sample, and zero otherwise. The dependent variables are one-year forward natural 

logarithm of one plus total number of patents (ln(patents)), the natural logarithm of one plus total number of citations (ln(citations)), 

the natural logarithm of one plus total number of adjusted citations (ln(adjusted citations)), the natural logarithm of one plus 

citations per patent (ln(citations/patent)) and the average generality (Generality) and originality (Originality) scores of patents. The 

key variable is PhD CEO, which equals one if a CEO has doctorate degrees, and zero otherwise. Other variables are defined in 

Appendix A. All the regressions include controls and year and industry fixed effects. The t-statistics in parentheses are based on 

robust standard errors clustered at the firm level, except for Panel A. *, **, and *** indicate statistical significance at the 10%, 5%, 

and 1% level, respectively. 

 

Dependent Variable: ln(patents)  ln(citations)  
ln(adjusted 

citations)  

ln(citations/

patent)  
Generality  Originality  

  (1) (2) (3) (4) (5) (6) 

PhD CEO 0.603*** 0.922*** 0.640*** 0.431*** 0.075*** 0.092*** 

 (4.007) (3.708) (3.675) (3.466) (3.166) (3.345)    

High latent ability 0.031 0.060 0.032 0.039 0.006 0.008    

 (1.086) (1.271) (0.981) (1.642) (1.178) (1.540)    

Controls Yes Yes Yes Yes Yes Yes 

Industry & Year FE Yes Yes Yes Yes Yes Yes 

N 12650 12650 12650 12650 12650 12650    

Pseudo R² 0.2580 0.2222 0.2473 0.2265 0.4653 0.3586    
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Table IA.8. Additional Robustness Checks 

This table presents the Tobit regression results of robustness checks on the relation between PhD CEOs and innovation. In each 

panel, the dependent variables are one-year forward natural logarithm of one plus total number of patents (ln(patents)), the natural 

logarithm of one plus total number of citations (ln(citations)), the natural logarithm of one plus total number of adjusted citations 

(ln(adjusted citations)), the natural logarithm of one plus citations per patent (ln(citations/patent)) and the average generality 

(Generality) and originality (Originality) scores. Panel A shows the results using 2-year forward innovation measures. Panel B 

reports the OLS estimates for innovation in the next year while controlling for industry-year fixed effects. Panel C presents the 

results after excluding firms headquartered in California or Massachusetts. Panel D reports results using a subsample of firms not 

in high-tech industries. Panel E shows the results after excluding the Dot.com bubble period of 1998-2000. Panel F reports the 

results after including dummies indicating whether the PhD is in technical fields. Panel G presents the estimates after controlling 

for CEO’s technical background. All the regressions include baseline controls, year and industry fixed effects. The t-statistics in 

parentheses are based on robust standard errors clustered at the firm level. *, **, and *** indicate statistical significance at the 

10%, 5%, and 1% level, respectively. 

Dependent Variable: ln(patents)  ln(citations) 
ln(adjusted 

citations) 

ln(citations/

patent) 
Generality Originality 

  (1) (2) (3) (4) (5) (6) 

A. 2-year Forward Innovation Measures         
PhD CEO 0.715*** 1.065*** 0.741*** 0.474*** 0.079*** 0.106*** 

 (4.294) (3.930) (3.850) (3.628) (3.144) (3.585) 

N 10367 10367 10367 10367 10367 10367 

Pseudo R² 0.2617 0.2256 0.2502 0.2321 0.4820 0.3678 

B. OLS with Industry-year Fixed Effects         
PhD CEO 0.343*** 0.528*** 0.340*** 0.239*** 0.034*** 0.045*** 

 (3.084) (3.053) (2.747) (3.081) (2.850) (2.786)    

N 12895 12895 12895 12895 12895 12895    

Adjusted R² 0.5199 0.5295 0.4930 0.4598 0.4028 0.3416    

C. Exclude Firms in California and Massachusetts       

PhD CEO 0.700*** 0.977*** 0.687*** 0.425** 0.083** 0.123*** 

 (3.081) (2.590) (2.705) (2.227) (2.139) (2.798)    

N 10061 10061 10061 10061 10061 10061    

Pseudo R² 0.2552 0.2231 0.2482 0.2269 0.4469 0.3364    

D. Exclude High-tech Industries           

PhD CEO 0.878*** 1.333*** 0.891*** 0.624*** 0.123*** 0.161*** 

 (4.288) (3.745) (3.633) (3.179) (3.112) (3.443)    

N 9129 9129 9129 9129 9129 9129    

Pseudo R² 0.2820 0.2477 0.2757 0.2505 0.4742 0.3680    

E. Exclude Dot.com Bubble Period           

PhD CEO 0.608*** 0.884*** 0.648*** 0.398*** 0.075*** 0.096*** 

 (3.974) (3.595) (3.631) (3.354) (3.177) (3.324)    

N 10753 10753 10753 10753 10753 10753    

Pseudo R² 0.2579 0.2264 0.2479 0.2349 0.4818 0.3558    

F.  Control for PhD in Tech field           

PhD CEO 0.602*** 0.910*** 0.629*** 0.424*** 0.078*** 0.098*** 

 (3.701) (3.409) (3.350) (3.246) (3.129) (3.345)    

PhD in Engineering & Science 0.947*** 1.728*** 1.094*** 0.788** 0.108 0.073    

 (3.395) (3.264) (2.757) (2.513) (1.423) (1.154)    

PhD in Medicine -0.009 -0.279 0.040 -0.321 -0.051 -0.070    

 (-0.011) (-0.209) (0.045) (-0.485) (-0.349) (-0.489)    

N 12895 12895 12895 12895 12895 12895    

Pseudo R² 0.2587 0.2229 0.2480 0.2276 0.4666 0.3600    

G. Control for CEO with Tech background         

PhD CEO 0.490*** 0.758*** 0.517*** 0.354*** 0.061** 0.073*** 

 (3.129) (2.968) (2.857) (2.830) (2.478) (2.597)    

Engineering & Science Degree 0.529*** 0.824*** 0.568*** 0.391*** 0.076*** 0.093*** 

 (4.106) (4.053) (3.842) (4.045) (3.901) (4.150)    

Medical Degree -0.035 -0.395 -0.056 -0.396 -0.049 -0.064    

 (-0.051) (-0.357) (-0.076) (-0.724) (-0.420) (-0.548)    

N 12895 12895 12895 12895 12895 12895    

Pseudo R² 0.2604 0.2241 0.2494 0.2289 0.4687 0.3628    
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