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Abstract: While it is widely known that founder Chief Executive Officers (CEOs) can influence firm
innovation, few studies have comprehensively examined how the founder CEO affects the firm’s
innovation input, innovation output, and input-to-output conversion rate, and how these effects
depend on the founder CEO’s demographic, cognitive, and corporate positional characteristics. We
analyze the nine-year panel data of China’s Growth Enterprise Market (GEM)-listed companies to
empirically study the relationship between founder CEO (vs. non-founder CEO), CEO characteristics,
and firm innovation efficiency. Our analysis produces four major findings. First, founder CEO firms
have a lower innovation input and higher innovation output than non-founder CEO firms. Second,
compared with male founder CEOs, female founder CEOs can further reduce innovation input with-
out sacrificing innovation output. Third, founder CEOs with a higher education level can also further
reduce innovation input without sacrificing innovation output. Finally, compared with founder CEOs
that are not the chairman of the board, the founder CEOs that take dual positions (CEO and chairman)
allocate higher innovation input, but the innovation output does not increase. These findings have
implications for both research and practice in helping firms achieve sustainable development.

Keywords: founder CEO; CEO characteristics; innovation efficiency

1. Introduction

In today’s highly competitive environment, innovation is critical to the survival and
success of enterprises, because the sustainable development of companies ultimately de-
pends on their ability to innovate and differentiate themselves from competitors [1]. As
the primary driving force for the growth of enterprises, innovation is considered one of
the most important competitive advantages of enterprises [2]. Efficient investment and
innovation activities can revitalize corporate funds, obtain higher profit margins, enhance
corporate value, and promote economic growth. As corporates’ strategic decision makers,
a founder’s decisions have a significant impact on the enterprise [3]. Start-up companies
rarely hire professional Chief Executive Officers (CEOs) due to concerns such as unpre-
dictable development and shortage of funds. Instead, the founder often serves as the
CEO. A founder CEO refers to an individual who founds a company and also holds the
CEO position of the company. Considering the important influence of founder CEOs
on operations, it is imperative to understand how these unique top managers influence
enterprise innovation.

Considerable research has been conducted to understand the role of founder CEOs
in improving firm performance in general. Founder CEOs are found to have a high
level of organizational identity with their company [4]. Founder CEOs tend to exhibit
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strong emotional attachment to the company and usually regard the company as their
“baby” or “legacy” [5,6]. Hence, founder CEOs are likely to be devoted and work hard
to achieve better company performance [7]. It has been consistently found that when
the founder serves as CEO, corporate performance (ROA and Tobin Q) is significantly
improved [8,9]. The structure of founder identity can further determine how the company
makes strategic responses to external adversity, and subsequently firm performance [10].
The impact of founders on start-up firm performance seems to largely depend on founder
identity. For example, researchers find that when founders distinguish their founder role
and self-concept (self-concept refers to an organic cognitive concept composed of attitudes,
emotions, beliefs, and values, which runs through the whole experience and action and
organizes the various specific habits, abilities, thoughts, and viewpoints expressed by the
individual), i.e., there is incongruent founder identity, enterprise sustainable management
declines [11,12]. In this case, founders take their own economic interests into consideration
when establishing and operating the enterprise, and will likely make decisions to serve their
self-interests. Conversely, when founders align their founder role with self-concept (when
there is no incongruence in founder identity), corporate sustainability management will be
improved because the founders will make decisions that are conducive to the development
of the company.

Since innovation is an important indicator of firm performance, the relationship be-
tween founder CEOs and firm innovation has attracted much attention. For instance, Kim
and Koo [1] found that founder CEOs are more inclined to innovation than professional
CEOs. Kubota and Takehara [13] show that the founder CEOs of family firms tend to in-
crease R&D investment because of their strong entrepreneurial skills [14,15]. Lee, et al. [16]
reveal that founder CEOs generate more explorative innovations, and a firm’s innovation
would decrease after its founder CEO is replaced by a professional CEO. In general, there
is consensus that founder CEOs have a positive impact on firm innovations.

Despite abundant prior research on founder CEOs’ impact on firm innovation, there
are still many unanswered questions. Few studies have comprehensively examined how the
founder CEO affects the firm’s innovation input, innovation output, and input-to-output
conversion rate. There is also a lack of research on how the founder CEOs’ impacts are
contingent on their personal characteristics. In this paper, we intend to answer the following
two research questions: What is the relationship between the founder CEO and the firm’s
innovation efficiency? How is this relationship moderated by CEO’s personal characteristics
such as gender, education level, and dual appointment status (serving as CEO and board
chairman simultaneously)? Our objective is to identify the direct relationship between
founder CEOs and firm innovation efficiency, and then investigate how this relationship is
contingent on various founder CEO characteristics.

This paper makes several contributions. First, it expands the relevant research on
founder CEO and focuses on the relationship between founder CEO and innovation input
and output of public startups. Second, it introduces moderating variables and examines the
heterogenous effects of founder CEO on corporate innovation efficiency at different levels
of CEO characteristics. Third, from a practical point of view, it provides suggestions for
startup firms regarding how to make appropriate CEO appointments to improve enterprise
innovation performance.

2. Theoretical Background

Following the theory-building tradition of management research [17], we blend several
theories to serve as the theoretical foundation for this research. Specifically, we draw on
three theories to understand founder CEOs’ influences on firm innovation input and output,
namely, stewardship theory, risk taking theory, and upper echelons theory. According to
stewardship theory, founder CEOs tend to play a steward role for their firms. According
to risk taking theory, CEOs’ gender and education level will affect their risk aversiveness.
According to upper echelon theory, CEOs’ personal characteristics will have major impacts
on firm performance. Together, these theories help to explain why founder CEOs have
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heterogeneous effects on firms’ innovation input and output. We elaborate on each theory
in detail as follows.

2.1. Stewardship Theory

Stewardship theory is a popular theory on firm governance [18]. Different from agency
theory, stewardship theory holds that the agent regards themselves as the steward of the
organization, whose interests are consistent with the organization, and whose behavior
is orderly and serves the collective. If they have to choose between self-serving behavior
or organization-serving behavior, they prefer the latter [19]. According to stewardship
theory [20], individuals seek higher-level needs through pro-organization behaviors, thus
naturally connecting their interests with the organization. When the interests of the stew-
ard and the client are inconsistent, the steward pays more attention to cooperation than
betrayal [20,21].

Stewardship can be induced by being a founder CEO or having CEO duality (serving
as CEO and Chair of the Board of Directors). First, for founder CEOs, the influence of
steward factors is more relevant than the influence of agency factors [22]. Demsetz and
Lehn [23] believe that founders can add value to the firm by virtue of their professional
knowledge and attachment to the firm. Therefore, we use the stewardship theory to explain
the influence of the founder CEO on the firm innovation performance. Second, CEO duality
embodies the unity of leadership and control, which strengthens the stewardship effect [22].
Based on stewardship theory, Donaldson [19] and Muth and Donaldson [24] argue that the
CEO duality is the ideal choice to enhance corporate performance.

2.2. Risk-Taking Theory

Rosenbloom [25] defines risk as the uncertainty of loss. Williams and Heins [26] believe
that risk is the loss that the subject may suffer due to the uncertainty of the result, and
corporate risk-taking refers to the acceptance of uncertain results in the future. Lumpkin
and Dess [27] point out that corporate risk-taking can be used as an indicator of the firm’s
future development prospects, which means that firms are willing to pay the price in
pursuit of high profits. Bargeron et al. [28] believe that risk-taking reflects managers’
orientation when making investment decisions. Risk-taking affects firms’ decision making
and has an important impact on the firm’s performance and survival.

The risk-taking tendency of executives is related to their gender and education. First,
Faccio et al. [29] found that females are more inclined to avoid risks than males, and
female CEOs will choose to reduce the firm’s risk to a level that suits their preferences.
Buratti et al. [30] showed that compared with males, females have a lower preference
for risky strategies (such as innovative implementation) and a higher tendency to adopt
conservative methods. Mao and Zhang [31] show that there is a positive relation between
the CEO’s risk-taking level and the firm’s innovation. Second, CEOs’ education level and
ability to deal with complex information from outside will affect their willingness to take
risks [32]. CEOs are affected by their knowledge reserves, and their perceptions of risk will
also be inconsistent. Therefore, the risk-taking theory is applied to explain the moderating
effects of CEO gender and education on the relationship between founder CEOs and firm
innovation performance.

2.3. Upper Echelons Theory

Upper echelons theory is constructed under the premise of bounded rationality, which
refers to the restriction of accessing, processing and using information [33]. Hambrick
and Mason [34] believe that CEOs’ cognitive foundation and personality traits affect their
cognition and perceptions, thereby influencing their strategic choices [33]. In other words,
the characteristics of CEOs can affect the strategic actions of the firm and ultimately affect
the firm’s performance. The differences in firm innovation stem from the differences in
CEO’s inclination to innovate. For example, CEOs with technical backgrounds are more
likely to increase innovation than CEOs with other backgrounds [35]. Education can greatly
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influence CEOs’ personal values and preferences [34], playing an important role in the
choice of innovation strategy [36]. Camelo et al. [37] believe that the higher the education
level of the CEO, the higher the innovation level of the firm. Thus, we apply the upper
echelons theory to justify that the CEO’s education is a key factor that affects the firm’s
innovation performance.

3. Literature Review and Hypothesis Development
3.1. Founder CEO and Firm Innovation Performance

A founder, by definition an entrepreneur, is an individual in constant pursuit of new
knowledge [32]. Generally, the founder has some prior explicit or implicit knowledge on
which they base their blueprints, early strategies, and actions—which in turn have lasting
consequences on organizational outcomes [3]. Unlike non-founder CEOs, founder CEOs
put a lot of devotion into their enterprises. They usually regard their enterprise as a lifelong
achievement [38]. When the founder of the company serves as the CEO, the CEO has
greater control power throughout the enterprise, and its guiding role is also greater. In
terms of stimulating innovation, founders and CEOs play an deciding role [39,40], because
they influence innovation by making strategic decisions and allocating resources [41].

The founder CEO is regarded as an entrepreneur [1]. In the management and eco-
nomics literature, entrepreneurs are the core figures of innovation and entrepreneurship [32].
Schumpeter [42] pointed out that entrepreneurs play an important role in absorbing new
knowledge and developing new products. Non-founder CEOs are different from founder
CEOs in terms of personal skills, characteristics, firm strategy, and policy formulation
and selection [38,43]. Compared with non-founder CEOs, founder CEOs are better at
innovation [32] for two main reasons.

First, given that they have established the enterprises, founder CEOs will have stronger
motivation to pursue continuous growth of the enterprises and achieve long-term organi-
zational goals [9,44]. Since innovation cannot be accomplished overnight and usually takes
a long time to produce the best result, long-term goals and incentive are closely related
to innovation [45]. Second, in order to improve the innovation ability of the enterprise,
founder CEOs are more willing to take risks [46] because they are well-informed, have
experiences in managing the firm, and have a strong ability to deal with uncertainties.
For example, prior research finds that founder CEOs of family businesses tend to explore
innovative ideas and take the risks associated with them [47]. More importantly, founder
CEOs with an adventurous spirit are inclined to hire employees with similar innovative
ideas and characteristics, so as to improve the company’s innovation performance [9,48].

Enterprises often need to make a large amount of capital investment in innovation
projects [49]. Innovation investment is usually defined as the expenditure of financial capital
when an enterprise is committed to exploration and innovation of new products [50]. Kim
and Koo [1] argue that the positive impact of founder CEOs on innovation is stronger
in more competitive industries, and that founder CEOs are more effective at stimulating
innovation than professional CEOs. Overall, these findings support the view that the
founder CEO plays an important role in facilitating corporate innovation. Given that
innovation requires substantial investment, it seems that founder CEOs must increase
innovation investment if they want to improve innovation performance. However, we
argue that this is not necessarily true.

We apply the stewardship theory to elaborate on our argument. The stewardship
theory allows researchers to study the situations in which business managers are motivated
to act as stewards in the best interests of their principals [20,51]. It holds that, based on
managers’ self-discipline, the interests of managers, shareholders, and other stakeholders
become consistent. Managers’ pursuit of their own dignity, faith, and inner work satis-
faction will make them work hard and become qualified stewards [51]. Once managers
have stewardship, they are unlikely to undertake opportunistic behaviors. According to
the stewardship theory, in the process of managing enterprises, managers will pursue more
challenging and responsible work in order to realize their own value and the long-term
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development of enterprises [51]. Managers want to be loyal stewards and put organi-
zational goals above self-interest [21,52]. Furthermore, when the CEO is a founder or a
member of the founder team, he is more likely to think of himself as a steward and will
strive to efficiently manage the company’s assets in order to generate more revenue. To
this end, founder CEOs are likely to prioritize efficiency on innovation management so
that every penny counts. As a result, they may reduce investments on innovation because
they try to do more with less. Some empirical evidence in the context of family businesses
provides support to this point. For example, Kline and Rosenberg [53] found that family
firm owners are reluctant to invest in innovations because the success of innovation projects
is uncertain [54]. Meanwhile, Matzler et al. [55] found that family founders’ involvement in
management and governance had a negative impact on innovation input (R&D intensity)
and a positive impact on innovation output (number of patents and patent citations). These
findings corroborate our argument that founder CEOs tend to assume the role of steward
to improve innovation efficiency.

In addition, considering their professional image, founder CEOs will be more cau-
tious in their investments to avoid overly risky projects, as investment failures are often
accompanied by reputational damage [56]. Thus, founder CEOs with foresight are likely to
reduce their investments and choose innovation investments wisely. In summary, when
it comes to innovation investment decisions, the founder CEO (vs. non-founder CEO) is
more like a conscientious steward who tries to minimize innovation costs and maximize
innovation outputs so that the company gets the most benefits. Based on the above analysis,
we put forward two hypotheses:

Hypothesis 1a (H1a). Compared with firms with a non-founder CEO, firms with a founder CEO
tend to have lower innovation input.

Hypothesis 1b (H1b). Compared with firms with anon-founder CEO, firms with a founder CEO
tend to have higher innovation output.

3.2. Founder CEO Characteristics and Firm Innovation

The background and personal characteristics of CEOs determine their acceptance of
innovative ideas and implementation of innovative activities [36]. According to previous
studies, we take into account three characteristics of the CEO: gender, education, and CEO
duality. CEO gender is a demographic feature, whose relationships with risk-taking and
enterprise innovation have received considerable attention [57,58]. CEO education is a
cognitive attribute that may affect firms’ strategic choices [58]. CEO duality is a positional
attribute of the CEO within the firm’s governance structure that affects all aspects of the
board of directors’ strategic choices [59].

3.2.1. CEO Gender

Many characteristics distinguish female CEOs from male CEOs, and these characteris-
tics could have different effects on business operations [60,61]. We explain the moderating
effect of CEO gender from three aspects.

First, due to different early and continuous socialization, there are inherent differences
between females and males, and they have different world views and values. These dif-
ferences will affect their judgments and behaviors in running firms [62]. Specifically, the
similarities and differences between females and males are the result of cultural and social
interaction [62]. Expósito et al. [57] believe that gender is a socialized construction that
affects management concepts, behaviors, and business decisions. Strohmeyer et al. [63] find
that firms led by female executives have less breadth and depth of innovation than com-
panies led by male executives. Compared with female entrepreneurs, male entrepreneurs
are more inclined to increase R&D investments and file more patent applications [64].
Compared with male-run firms, female-run firms will produce fewer innovative activities,
including process innovation and product innovation [65].
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Second, innovation requires high-risk long-term investments, and CEOs’ risk pref-
erence may have a significant impact on investment decisions [66]. Generally, women
are more risk-averse and cautious than men [67]. For example, a previous study shows
that female executives are more inclined to implement conservative corporate strategies,
because female CEOs are more cautious and plan carefully in risky situations, and their
participation in organizational decision making tends to reduce risky behaviors of the
enterprise [68]. The careful assessment of investment proposals may reduce the amount of
investments, but will also increase the chance of making high-quality investments, which
help to achieve innovation success and improve decision making efficiency.

Finally, Han et al. [69] find that female CEOs have a more significant promoting
effect on the innovation output than male CEOs. Due to gender bias, female CEOs were
less likely to be recognized. In order to overcome the gender prejudice, they tend to
make more efforts than male CEOs, and are more cautious and comprehensive when
making decisions [70]. Moreover, the communication and social skills of female CEOs
are advantageous in motivating employees and improving their performance [71]. Thus,
female CEOs are able to boost innovation output. Indeed, Altuk et al. [72] found a positive
and significant relationship between female CEOs and three types of innovative assets:
patents, trademarks, and copyrights.

In summary, given the risk-averse tendency and cautiousness of female CEOs, they
are more calculative in weighing the benefits and potential risks of innovation investments,
and try to improve innovation efficiency in light of broader value creation strategies, thus
achieving lower input and higher output in innovation. Thus, the following hypotheses
are proposed:

Hypothesis 2a (H2a). The negative relationship between the founder CEO and innovation input
is stronger when the founder CEO is female than when it is male.

Hypothesis 2b (H2b). The positive relationship between the founder CEO and innovation output
is stronger when the founder CEO is female than when it is male.

3.2.2. CEO Education

Education level is a widely used indicator to measure human capital and development
capability [73]. The education level of the CEO has often been employed to represent the
cognitive ability of the CEO to some extent [34]. Based on the upper echelons theory, CEO
education can influence firm innovation activities. Studies have found that a higher CEO
education level and longer professional experience are positively correlated with the firm’s
innovation investment [74]. In the high-tech industry, CEO education level is associated
with higher R&D intensity [75,76].

However, we contend that the CEO, as the steward of the enterprise and the risk
bearer of the enterprise, will be more conservative in making innovation investments,
but more effective in producing innovation outputs. Specifically, more educated CEOs
are better at information processing and filtering. For example, Barker and Mueller [77]
found that CEOs with higher education have a strong sense of risk. When faced with
R&D opportunities, they are more capable of processing relevant information and filtering
out risky options. More educated CEOs are more responsive to changes in the external
environment, so they are able to seize R&D opportunities and make timely or accurate
investments. For example, Yuan and Wen [78] found that the higher the educational level
of the CEOs, the higher their sensitivity and responsiveness to the external investment
environment, so they will make accurate and high-quality investments that are likely to be
successful. Thus, higher education enables CEOs to be more selective in picking innovation
investment opportunities. Although the amount of investments may decline, because the
investments are carefully selected based on thorough analysis, they are more likely to lead
to increased innovation output. Overall, the preceding discussion suggests that CEOs’
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higher education does not necessarily correspond to higher innovation input, and it might
even improve output efficiency. Thus, the following hypotheses are proposed:

Hypothesis 3a (H3a). The negative relationship between the founder CEO and innovation invest-
ment is stronger when the founder CEO’s education is higher.

Hypothesis 3b (H3b). The positive relationship between the founder CEO and innovation output
is stronger when the founder CEO’s education is higher.

3.2.3. CEO Duality

CEO duality refers to the situation when the board chairman and CEO of an enterprise
are held by the same person [79]. It tends to weaken supervision of the board and strengthen
the power of the CEO. The stewardship theory [51] posits that the integration of the two
positions is conducive to the unity of leadership and to the improvement of management
effectiveness. According to steward theory, when the CEO has dual appointments, he is
more likely to be a steward of the company, because the board chairman is charged with
protecting the interests of shareholders. With CEO duality, the principal and the agent roles
are integrated into one person, and the interests of stewarding CEOs and organizational
interests become consistent. The combination of the two positions can reduce conflict of
interest and improve management efficiency, because the CEO’s management plans and
strategic proposals are more likely to be approved by the board of directors when he serves
as the chairman of the board [20,51].

The relationship between CEO duality and innovation can be understood from two
aspects. First, the CEO duality makes CEO more willing to take risks and more likely to
invest in drastic innovations that require heavy investments [80]. Second, CEO duality
gives the CEO more discretion and autonomy. Li and Yang [59] found that CEO duality
increases CEOs’ management discretion, because when the CEO is exploring emerging
technologies or opportunities, the board will have less resistance and be more willing to
approve the CEO’s investment proposal. Kao and Chen [81] show that CEO duality reduces
the supervision attention of the board and endows CEOs with greater autonomy in decision
making, which will enable CEOs to increase investments on innovations [82]. This shows
that CEOs’ positive influence on enterprise activities will be amplified when the CEO holds
dual positions. With stronger top management approval and support, the company is more
likely to turn the innovation investment into concrete innovation outputs.

Taken together, when CEOs hold dual positions, they are more autonomous and
risk-taking, and have more willingness to increase innovation inputs. They are also more
likely to get more innovation output through the innovation input. Thus, the following
hypotheses are proposed:

Hypothesis 4a (H4a). The negative relationship between the founder CEO and innovation input
is weaker when the founder CEO holds dual positions than when it does not.

Hypothesis 4b (H4b). The positive relationship between the founder CEO and the innovation
output is stronger when the founder CEO holds dual positions than when it does not.

4. Method
4.1. China’s GEM Market

China’s economy is shifting from factor-driven to innovation-driven [83]. In October
2009, the second board of China’s stock market, the Growth Enterprise Market (GEM), was
established [84]. The GEM specializes in assisting emerging and innovative companies
with high growth, especially high-tech companies, to raise funds and conduct capital
operations. Different from the main board market of incumbent listed companies, it is a
forward-looking market that focuses on the development prospects and growth potential
of start-up companies. The GEM is a listing venue independent of the existing main board,
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usually for smaller, faster growing, more entrepreneurial companies that are unable to meet
the full listing requirements of the main board [85].

The establishment of the GEM is the result of the market’s “boost” effect on high-
tech and high-growth innovative businesses [86]. Growth and innovation are the most
salient characteristics of the GEM market, and they are also the most important criteria for
thousands of start-ups to be selected into the GEM. For GEM enterprises, technology and
management innovation are the core driving force of enterprise growth and constitute the
main part of core competitiveness. Enterprise growth resulting from innovation motivates
GEM enterprises to continue innovating and reaping benefits from the application of
innovations. Since all GEM firms are start-ups, their founders often serve as CEOs, and
sometimes also as the chairman of the board of directors. Thus, the GEM provides an ideal
context to study the role of founder CEOs’ in making innovation investment decisions,
implementing innovative strategies, and promoting organizational growth.

4.2. Sample and Data

We selected China’s GEM-listed companies for empirical research from 2009 to 2017.
The data were extracted from the China Stock Market and Accounting Research (CSMAR)
database, where the information of founder CEO is compiled through the founder and
senior management data. The data were preprocessed as follows. First, listed companies in
the financial and insurance industries were excluded, because the degree of R&D in these
industries is very low. Second, to avoid the disturbance of abnormal financial situations
of the company, we excluded ST and *ST companies (ST refers to the situation in which
a company has suffered losses for two consecutive years and has been specially treated.
*ST refers to the situation where, in the third year, the company’s operations have not
improved, and it is still in a state of loss. In addition to the “ST” before the stock name,
“*” will be added, which means at risk of delisting) within the observations interval. Third,
to avoid the influence of missing values on the results, we eliminated the observations
with missing information. In addition, to eliminate the influence of outliers, we carried
out winsorization of 1% and 99% for all continuous variables. Finally, we obtained panel
data consisting of 718 companies with 3500 observations over nine years. The panel was
unbalanced because companies entered the GEM at different times. Of all the observations,
1893 were associated with founder CEOs and 1607 with non-founder CEOs.

4.3. Measures
4.3.1. Dependent Variables

The dependent variable was enterprise innovation performance, which included two
aspects: innovation input and innovation output. Innovation input (RDi,t) was measured
as the ratio of R&D investment to operating revenue [87,88]. The innovation output
(Applyi,t+2) was measured by the number of patents applied in the year two years after
the current year. Since the firm’s innovation output takes time to produce, we used the
two-year lead value. The logarithm, log(Applyi,t+1), was used in the analysis [89,90].

4.3.2. Independent Variable

The independent variable was founder CEO (FCEOi,t). If the CEO of company was
a founder in year t, it was coded as 1, otherwise it was coded as 0. It was a time-varying
variable because of CEO succession. During the nine years of this study, some firms initially
had a founder CEO, and the heir was a professional CEO, while some firms initially had a
professional, and the heir was a founder CEO.

4.3.3. Moderating Variables

(1) CEO gender
CEO gender was coded as 1 if the CEO was female, otherwise 0. It was a binary
variable that indicated whether the CEO of a company is female.
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(2) CEO education
CEO education was coded numerically from 1 to 5, representing high school or lower,
junior college, bachelor’s degree, master’s degree, and doctor’s degree or above,
respectively. This was an ordinal variable, with a larger score representing a higher
educational level for the CEO.

(3) CEO duality
CEO duality was coded as 1 if the CEO was also the chairman of the board of directors,
otherwise coded as 0. It was a binary variable that identified whether the CEO held
dual positions (being both CEO and chairman).

4.3.4. Control Variables

Based on the literature [91–93], we controlled for the effects of return on assets, financial
leverage, proportion of independent directors, the enterprise scale, degree of ownership
concentration, enterprise growth, enterprise age, operating cash ratio, number of board
of directors, board of supervisors and senior officers, and executives gender disparity. In
addition, the year fixed effects (FE) and industry fixed effect were controlled. Table 1 lists
the variables and their definitions.

Table 1. Description of variables.

Variables Measurement

Innovation input (RDt) The ratio of a firm’s R&D investment over operating revenue
Innovation output (Applyt+2) The logarithm of the number of patent applications after adding 1
Founder CEO (FCEO) If the founder is CEO, coded as 1, otherwise coded as 0
Female CEO (Gender) If the CEO is female, coded as 1, otherwise coded as 0

CEO education (Education)
The CEO’s education level, where 1 represents high school or lower, 2 represents
junior college, 3 represents bachelor’s degree, 4 represents master’s degree, and
5 represents doctoral degree or above

CEO duality (Duality) If the CEO is also chairman, coded as 1, otherwise 0
Return on assets (ROA) Net profit/total assets
Financial leverage (FLev) Ratio of change in common earnings per share/EBITDA rate of change
Independent directors ratio (IDR) Number of independent directors/total number of board members
The enterprise scale (Size) Logarithm of total assets

Degree of ownership concentration (Own) The total number of shares held by the largest shareholder/the total share capital
of the company

Enterprise growth (Growth) The growth rate of operating revenue
Enterprise age (Age) The number of years since the firm first went public
Fixed assets ratio (FAR) Fixed assets/total assets
Operating cash ratio (Cashflow) Cash flow from operating activities/total assets at the end of the period
DJG Number of board of directors, board of supervisors and senior officers
Executives gender disparity (Ratio) Male/female ratio executives in a company
Year Dummy variables for year
Industry Dummy variables for industry

4.4. Empirical Models

Stata (Stata Statistical Software: Release 15, StataCorp LLC, College Station, TX, USA)
was used for data analysis. To verify H1a and H1b, we used Models 1 and 2 to determine the
impact of founder CEO on enterprise innovation performance. The R&D input (RDi,t) of the
enterprise in year t was included in Model 2 to control for its effect on output [16,94]. Firm,
year, and industry fixed effects were also included in the model to control for unexplained
variance clustered in firm, time, and industry.

RDi,t = β0 + β1FCEOi,t + ∑ Controli,t + ∑ Firmi + ∑ Yeart + ∑ Industryi + εi,t (1)

Applyi,t+2 = β0 + β1FCEOi,t + β2RDi,t + ∑ Controli,t + ∑ Firmi + ∑ Yeart + ∑ Industryi + εi,t (2)

where i indexes firm and t indexes year t ∈ (2009, 2017).
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To test H2a–H4a and H2b–H4b, Model 3 and Model 4 were estimated, in which
Mi,t refers to Genderi,t, Educationi,t, and Dualityi,t, respectively. Note that founder CEO
was a time-varying variable, and thus gender, education level, and CEO duality were
all time-varying.

RDi,t = β0 + β1FCEOi,t + β2Mi,t + β3FCEOi,t∗Mi,t + ∑ Controlsi,t + ∑ Firmi + ∑ Yeart + ∑ Industryi + εi,t (3)

Applyi,t+2 = β0 + β1FCEOi,t + β2Mi,t + β3FCEOi,t∗Mi,t + RDi,t + ∑ Controlsi,t + ∑ Firmi + ∑ Yeart + ∑ Industryi + εi,t (4)

5. Analyses and Results
5.1. Descriptive Statistics

Table 2 shows the descriptive statistics of all the variables. The mean values of
innovation input (RDi,t) and innovation output (Applyi,t+2) are 0.071 and 0.649. It shows
that the R&D investment of GEM-listed companies is at a low level, while the patent
output is high. Thus, the innovation conversion rate is high. For moderating variables,
the mean value of female CEO (Genderi,t) is 0.062, indicating that only 6.2% of CEOs in
the sample enterprises are female, and most companies have not appointed female CEOs.
Regarding the educational level of CEOs, 3.28% of the samples are high school or lower,
10.72% are junior college, 35.31% are undergraduate, 41.73% are master’s degree, and 8.96%
are doctoral degree or above. The average value of CEO education is 3.427, indicating that
most CEOs have a bachelor’s degree or above. The mean values of founder CEO (FCEOi,t)
and duality variables are 0.541 and 0.548, indicating that the combination of founder CEO
and dual positions accounts for more than half of the sample companies.

Table 2. Descriptive statistics.

Variables N Mean sd Min Max

RDt 3500 0.071 0.066 0 0.984
Applyt+2 3500 0.649 1.388 0 7.691

FCEO 3500 0.541 0.498 0 1
Gender 3500 0.062 0.242 0 1

Education 3350 3.427 0.921 1 5
Duality 3490 0.548 0.498 0 1

ROA 3500 0.057 0.059 −1.016 0.469
FLev 3500 0.237 0.155 0.004 0.852
IDR 3500 0.380 0.055 0.250 0.600
Size 3500 20.96 0.745 18.68 24.30
Own 3500 0.318 0.126 0.042 0.812

Growth 3500 0.843 21.90 −2.780 1294
Age 3500 12.13 4.938 1 32
FAR 3500 0.247 0.317 −3.567 7.949

Cashflow 3500 1.020 0.918 0 12.45
DJG 3500 17.23 2.810 3 33

Table 3 shows Pearson’s correlations. The correlations between ROA and fixed asset
ratio (FAR) is 0.724; between operating cash ratio (Cashflow) and executive gender disparity
(Ratio) is 0.705; and between founder CEO (FCEOi,t) and CEO duality (Dualityi,t) is 0.535,
suggesting possible multicollinearity. However, the variance inflation factor (VIF) values
are all below 10, and thus the multicollinearity concern can be alleviated.
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Table 3. Correlations between variables.

RD Apply FCEO Gender Education Duality ROA FLev IDR Size Own Growth Age FAR Cashflow DJG Ratio

RD 1
Apply −0.024 1
FCEO 0.041 ** −0.008 1

Gender −0.004 0.010 0.019 1
Education −0.013 −0.024 −0.027 −0.036 ** 1

Duality −0.033 ** 0.037 ** −0.585 *** −0.006 0.026 1
ROA −0.062 *** 0.012 0.103 *** 0.017 −0.017 −0.047 *** 1
FLev −0.204 *** 0.015 −0.035 ** −0.009 −0.014 0.004 −0.192 *** 1
IDR 0.044 *** −0.014 0.050 *** 0.008 −0.021 −0.083 *** −0.029 * −0.020 1
Size −0.065 *** 0.077 *** −0.092 *** −0.007 −0.009 0.105 *** −0.168 *** 0.271 *** −0.052 *** 1
Own −0.120 *** 0.043 ** 0.012 0.027 −0.025 −0.130 *** 0.073 *** −0.002 0.082 *** −0.130 *** 1

Growth 0.002 −0.008 −0.019 −0.004 −0.009 0.017 −0.001 −0.012 −0.015 −0.013 0.033 * 1
Age −0.045 *** −0.041 ** −0.058 *** 0.008 −0.007 0.047 *** −0.033 * 0.109 *** −0.007 0.132 *** −0.052 *** 0.026 1
FAR −0.034 ** 0.029 * 0.079 *** 0.022 0.006 0.015 0.724 *** −0.147 *** −0.057 *** −0.040 ** −0.283 *** −0.006 −0.053 *** 1

Cashflow 0.099 *** −0.054 *** 0.019 −0.002 0.024 0.011 −0.028 * −0.002 0.034 ** 0.066 *** −0.425 *** −0.004 0.057 *** 0.161 *** 1
DJG 0.022 0.092 *** 0.035 ** −0.007 −0.003 −0.006 0.035 ** 0.105 *** −0.420 *** 0.220 *** −0.099 *** 0.000 0.055 *** 0.099 *** −0.061 *** 1
Ratio 0.034 ** −0.062 *** 0.060 *** 0.014 0.015 −0.089 *** 0.027 −0.007 0.072 *** −0.031 * 0.071 *** 0.005 0.027 −0.019 0.705 *** −0.163 *** 1

* p < 0.05; ** p < 0.01; *** p < 0.001.
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5.2. Effects of Founder CEO on Innovation Performance

We use the fixed effect estimator for all the regression models, because the Haus-
man test suggests that the fixed effect model is more suitable than the random effect
model. As shown in Table 4, founder CEO (FCEOi,t) and innovation input (RDi,t) has
a significant negative relationship (β = −0.00351, p < 0.05), supporting H1a. Founder
CEO (FCEOi,t) and innovation output (Applyi,t+2) has a significant positive relationship
(β = 0.123, p < 0.05), supporting H1b. This suggests that founders severing as CEOs play
an important role as stewards, and they tend to reduce innovation input and promote
innovation output.

Table 4. Regression results of founder CEO on firm innovation performance.

Variables
Model 1 Model 2

RDt Applyt+2

FCEO −0.00351 * 0.123 *
(0.00211) (0.0673)

RDt 0.251
(0.610)

ROA −0.159 *** −1.296
(0.0261) (0.837)

FLev −0.0283 *** −0.241
(0.00746) (0.240)

IDR 0.0233 1.077
(0.0224) (0.714)

Size −0.0109 *** −0.0459
(0.00208) (0.0680)

Own −0.0219 1.034 *
(0.0194) (0.622)

Growth 5.30 × 10−6 −1.90 × 10−5

(2.99 × 10−5) (0.000951)
Age 0.00118 ** 0.224

(0.000549) (0.153)
FAR −0.00718 0.552 ***

(0.00572) (0.184)
Cashflow −0.00399 * −0.128 *

(0.00226) (0.0721)
DJG 0.00201 *** −0.00308

(0.000445) (0.0143)
Ratio 0.0403 *** 0.476

(0.0111) (0.355)
Firm FE Yes Yes
Year FE Yes Yes

Industry FE Yes Yes
Constant 0.251 *** 0.507

(0.0527) (2.022)
Observations 3500 3500

R-squared 0.089 0.046
Standard errors in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05, one-tailed test.

5.3. Moderation Effects of CEO Characteristics

Regression results after adding moderator variables are shown in Table 5. As shown
in the first and fourth columns, the interaction term between founder CEO and female
CEO has a significant negative relationship with innovation input (RDi,t) (β = −0.0106,
p < 0.05), supporting H2a, but has no significant relationship with innovation output
(Applyi,t+2). Therefore, H2b is not verified. This indicates that female founder CEOs make
fewer innovation investments without sacrificing innovation output.
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Table 5. Influences of founder CEO and CEO characteristics on firm innovation performance.

Variables
Model 3 Model 3 Model 3 Model 4 Model 4 Model 4

RDt RDt RDt Applyt+2 Applyt+2 Applyt+2

FCEO −0.00292
(0.00214)

0.00536
(0.00574)

−0.0263 ***
(0.00772)

0.121 *
(0.0681)

0.154
(0.180)

−0.177
(0.252)

Gender 0.00803 *
(0.00422)

−0.0477
(0.134)

FCEO × Gender −0.0106 *
(0.00563)

0.0408
(0.180)

Education 0.000909
(0.00111)

−0.0102
(0.0349)

FCEO × Education −0.00254 *
(0.00153)

−0.00511
(0.040)

Duality −0.00435
(0.00368)

−0.0619
(0.118)

FCEO × Duality 0.0155 ***
(0.00464)

0.194
(0.152)

RDt
0.258

(0.611)
0.236

(0.618)
0.161

(0.612)

ROA −0.157 ***
(0.0261)

−0.148 ***
(0.0284)

−0.156 ***
(0.0261)

−1.303
(0.838)

−0.986
(0.896)

−1.240
(0.838)

FLev −0.0281 ***
(0.00746)

−0.0298 ***
(0.00773)

−0.0275 ***
(0.00748)

−0.242
(0.240)

−0.155
(0.245)

−0.201
(0.240)

IDR 0.0225
(0.0224)

0.0256
(0.0232)

0.0234
(0.0226)

1.079
(0.715)

0.892
(0.728)

1.106
(0.721)

Size −0.0108 ***
(0.00208)

−0.0108 ***
(0.00217)

−0.0108 ***
(0.00209)

−0.0462
(0.0680)

−0.0412
(0.0699)

−0.0376
(0.0682)

Own −0.0222
(0.0194)

−0.0262
(0.0201)

−0.0205
(0.0194)

1.034 *
(0.623)

1.332 **
(0.634)

1.129 *
(0.624)

Growth 5.31 × 10−6

(2.99 × 10−5)
5.84 × 10−6

(3.01 × 10−5)
5.23 × 10−6

(2.99 × 10−5)
−1.88 × 10−5

(0.000951)
4.93 × 10−6

(0.000945)
−2.52 × 10−5

(0.000950)

Age 0.00116 **
(0.000549)

0.00118 **
(0.000573)

0.00113 **
(0.000550)

0.224
(0.153)

0.219
(0.152)

0.206
(0.155)

FAR −0.00778
(0.00573)

−0.00957
(0.00645)

−0.00746
(0.00574)

0.555 ***
(0.184)

0.494 **
(0.204)

0.526 ***
(0.184)

Cashflow −0.00393 *
(0.00226)

−0.00401 *
(0.00230)

−0.00381 *
(0.00227)

−0.128 *
(0.0721)

−0.126 *
(0.0722)

−0.133 *
(0.0722)

DJG 0.00200 ***
(0.000445)

0.00208 ***
(0.000460)

0.00212 ***
(0.000447)

−0.00304
(0.0143)

−0.00248
(0.0145)

−0.00245
(0.0144)

Ratio 0.0400 ***
(0.0111)

0.0406 ***
(0.0114)

0.0392 ***
(0.0111)

0.476
(0.355)

0.540
(0.358)

0.496
(0.355)

Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes Yes

Constant 0.250 ***
(0.0527)

0.228 ***
(0.0569)

0.259 ***
(0.0529)

0.504
(2.023)

0.709
(2.106)

0.592
(2.037)

Observations 3500 3350 3490 3500 3350 3490
R-squared 0.090 0.090 0.093 0.046 0.049 0.047

Standard errors in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05, one-tailed test.

As shown in the second and fifth columns, the interaction term between founder
CEO and CEO education has a significant negative relationship (β = −0.0025, p < 0.05)
with innovation input (RDi,t), supporting H3a, but has no significant relationship with
innovation output (Applyi,t+2). Therefore, H3b is not verified. This indicates that highly
educated founder CEOs invest less in innovations, while maintaining the same level of
innovation output.

The results of the third and sixth columns show that the interaction term between
founder CEO and CEO duality has a significant positive relationship (β = 0.0155,
p < 0.01), with innovation input (RDi,t), supporting H4a, but has no significant relationship
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with innovation output (Applyi,t+2), failing to support H4b. This suggests that when the
chairman concurrently serves as CEO, without the supervision of the board of directors,
the CEO’s discretionary power will increase, and the increase of power will increase the
CEO’s confidence and increase the innovation input. However, the increased investments
do not lead to more patent applications.

5.4. Robustness Tests
5.4.1. Replacing Control Variables

Considering that different control variables will affect the final regression result, ROA
was replaced with ROE. Table 6 shows the regression results after the replacement. Model 1
and Model 2 are the founder CEO and results of innovation input and output. Model 3 and
Model 4 are the results of innovation input and output after adding moderator variables.
According to the results, it can be concluded that H1a, H1b, H2a, H3a, and H4a are valid,
while H2b, H3b, and H4b are still not significant. The conclusions above are robust.

Table 6. Replaced control variables.

Variables
Model 1 Model 2 Model 3 Model 3 Model 3 Model 4 Model 4 Model 4

RDt Applyt+2 RDt RDt RDt Applyt+2 Applyt+2 Applyt+2

FCEO −0.00351 *
(0.00213)

0.122 *
(0.0673)

−0.00285
(0.00215)

0.00598
(0.00578)

−0.0285 ***
(0.00777)

0.121 *
(0.0682)

0.152
(0.180)

−0.182
(0.247)

Gender 0.00832 *
(0.00424)

−0.0430
(0.134)

FCEO × Gender −0.0117 **
(0.00567)

0.0323
(0.180)

Education 0.00107
(0.00112)

−0.00981
(0.0349)

FCEO × Education −0.00272 *
(0.00154)

−0.00479
(0.0480)

Duality −0.00533
(0.00362)

−0.0740
(0.115)

FCEO × Duality 0.0169 ***
(0.00471)

0.202
(0.150)

RDt
0.361

(0.606)
0.368

(0.607)
0.308

(0.614)
0.299

(0.608)

ROE −0.00594
(0.00888)

−0.0724
(0.281)

−0.00532
(0.00888)

0.00126
(0.00933)

−0.00462
(0.00887)

−0.0734
(0.281)

0.00963
(0.291)

−0.0585
(0.281)

FLev −0.0290 ***
(0.00756)

−0.250
(0.240)

−0.0289 ***
(0.00756)

−0.0304 ***
(0.00783)

−0.0283
***(0.00755)

−0.252
(0.240)

−0.162
(0.245)

−0.243
(0.240)

IDR 0.0162
(0.0226)

1.059
(0.715)

0.0153
(0.0226)

0.0175
(0.0234)

0.0172
(0.0226)

1.061
(0.716)

0.870
(0.729)

1.065
(0.718)

Size −0.00846 ***
(0.00213)

−0.0328
(0.0675)

−0.00838 ***
(0.00213)

−0.00853 ***
(0.00222)

−0.00849 ***
(0.00213)

−0.0329
(0.0675)

−0.0313
(0.0694)

−0.0331
(0.0676)

Own −0.0493 **
(0.0197)

0.907
(0.623)

−0.0495 **
(0.0197)

−0.0556 ***
(0.0203)

−0.0484 **
(0.0196)

0.907
(0.624)

1.204 *
(0.635)

0.914
(0.623)

Growth 5.01 × 10−6

(3.01 × 10−5)
−1.65 × 10−5

(0.000951)
5.07 × 10−6

(3.01 × 10−5)
5.47 × 10−6

(3.03 × 10−5)
4.82 × 10−6

(3.00 × 10−5)
−1.63 × 10−5

(0.000952)
6.97 × 10−6

(0.000945)
−1.86 × 10−5

(0.000951)

Age 0.00513
(0.00484)

0.218
(0.153)

0.00495
(0.00484)

0.00514
(0.00488)

0.00458
(0.00483)

0.218
(0.153)

0.214
(0.152)

0.212
(0.153)

FAR −0.0324 ***
(0.00467)

0.348 **
(0.149)

−0.0328 ***
(0.00467)

−0.0371 ***
(0.00514)

−0.0326 ***
(0.00466)

0.350 **
(0.149)

0.304 *
(0.162)

0.344 **
(0.149)

Cashflow −0.00411 *
(0.00228)

−0.130 *
(0.0721)

−0.00404 *
(0.00228)

−0.00416 *
(0.00231)

−0.00394 *
(0.00227)

−0.130 *
(0.0722)

−0.128 *
(0.0722)

−0.128 *
(0.0721)

DJG 0.00180 ***
(0.000451)

−0.00385
(0.0143)

0.00178 ***
(0.000451)

0.00186 ***
(0.000465)

0.00192 ***
(0.000451)

−0.00382
(0.0143)

−0.00317
(0.0145)

−0.00235
(0.0144)

Ratio 0.0422 ***
(0.0112)

0.486
(0.355)

0.0419 ***
(0.0112)

0.0426 ***
(0.0115)

0.0413 ***
(0.0112)

0.486
(0.355)

0.551
(0.358)

0.478
(0.355)

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes Yes Yes Yes
Observations 3500 3500 3500 3350 3500 3500 3350 3500

R-squared 0.082 0.045 0.083 0.085 0.086 0.045 0.049 0.046

Standard errors in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05, one-tailed test.

5.4.2. Alternative Measures of Dependent Variables

We replaced the two dependent variables by using new measures. Specifically, we
calculated a new score of the innovation input (RDi,t) based on the ratio of R&D invest-
ment to the total assets (vs. total revenue) at the end of the year (Inputi,t) [88,95], and
a new score of innovation output by counting the patent applications (Applyi,t+1) after
one year (vs. after two years). Table 7 shows the regression results after replacement. Ac-
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cording to the results, only the relationship between FCEO and innovation input becomes
insignificant, and all the other relationships are qualitatively the same as our main analysis.
Thus, our findings are robust after replacing the dependent variables.

Table 7. Replaced dependent variables.

Variables
Model 1 Model 2 Model 3 Model 3 Model 3 Model 4 Model 4 Model 4

Inputt Applyt+1 Inputt Inputt Inputt Applyt+1 Applyt+1 Applyt+1

FCEO −0.000609
(0.000969)

0.0870 *
(0.0674)

−0.00271
(0.00214)

0.00595 **
(0.00263)

−0.0115 ***
(0.00367)

0.106
(0.0688)

0.243
(0.182)

−0.0336
(0.118)

Gender 0.00757 *
(0.00421)

0.0522
(0.136)

FCEO × Gender −0.0104 *
(0.00563)

−0.185
(0.181)

Education 0.000692
(0.000511)

0.0710 **
(0.0353)

FCEO × Education −0.00187 ***
(0.000702)

−0.0519
(0.0486)

Duality −0.00550
(0.00371)

−0.122
(0.120)

FCEO × Duality 0.0165 ***
(0.00475)

0.207
(0.153)

Inputt
0.425

(0.614)
3.062 **
(1.344)

3.194 **
(1.361)

3.023 **
(1.346)

ROA 0.0465 ***
(0.0120)

−0.167
(0.842)

−0.162 ***
(0.0261)

0.0506 ***
(0.0130)

−0.161 ***
(0.0261)

−0.128
(0.843)

−0.216
(0.904)

−0.0838
(0.844)

FLev 0.00982 ***
(0.00345)

−0.15
1(0.240)

−0.0272 ***
(0.00751)

0.00860 **
(0.00357)

−0.0265 ***
(0.00752)

−0.191
(0.242)

−0.139
(0.247)

−0.164
(0.243)

IDR −0.00187
(0.0103)

−0.497
(0.718)

0.0179
(0.0224)

−0.00295
(0.0107)

0.0191
(0.0226)

−0.595
(0.722)

−0.565
(0.737)

−0.651
(0.730)

Size −0.0140 ***
(0.000976)

0.0806
(0.0677)

−0.00992 ***
(0.00213)

−0.0138 ***
(0.00102)

−0.00998 ***
(0.00213)

0.140 **
(0.0710)

0.132 *
(0.0729)

0.145 **
(0.0713)

Own −0.0207 **
(0.00896)

2.436 ***
(0.625)

−0.0316
(0.0195)

−0.0233 **
(0.00928)

−0.0300
(0.0196)

2.477 ***
(0.629)

2.511 ***
(0.642)

2.554 ***
(0.632)

Growth 1.12 × 10−6

(1.37 × 10−5)
0.000782
(0.00096)

4.67 × 10−6

(2.98 × 10−5)
1.29 × 10−6

(1.38 × 10−5)
4.41 × 10−6

(2.98 × 10−5)
0.000780
(0.00096)

0.000815
(0.00096)

0.000774
(0.000962)

Age 0.00380 *
(0.00221)

−0.108
(0.153)

0.00570
(0.00481)

0.00382 *
(0.00223)

0.00466
(0.00487)

−0.139
(0.155)

−0.132
(0.154)

−0.141
(0.157)

FAR −0.00416
(0.00264)

0.250
(0.184)

−0.00555
(0.00577)

−0.00549 *
(0.00298)

−0.00520
(0.00577)

0.201
(0.186)

0.227
(0.206)

0.186
(0.186)

Cashflow −0.00120
(0.00104)

−0.0254
(0.0721)

−0.00378 *
(0.00226)

−0.000934
(0.00106)

−0.00370
(0.00226)

−0.0209
(0.0729)

−0.0205
(0.0730)

−0.0183
(0.0730)

DJG 0.00088 ***
(0.000205)

−0.00119
(0.0143)

0.00187 ***
(0.000447)

0.00082 ***
(0.000212)

0.00198 ***
(0.000449)

−0.00659
(0.0144)

−0.00305
(0.0147)

−0.00632
(0.0145)

Ratio 0.00349
(0.00510)

0.118
(0.353)

0.0402 ***
(0.0111)

0.00270
(0.00523)

0.0394 ***
(0.0111)

0.115
(0.358)

0.0991
(0.362)

0.102
(0.359)

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes Yes Yes Yes

Constant 0.283 ***
(0.0320)

−1.032
(1.969)

0.208 ***
(0.0697)

0.278 ***
(0.0328)

0.223 ***
(0.0701)

−2.755
(2.277)

−3.024
(2.300)

−2.672
(2.293)

Observations 3500 3500 3500 3350 3490 3500 3350 3490
R-squared 0.119 0.039 0.096 0.117 0.099 0.047 0.048 0.048

Standard errors in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05, one-tailed test.

5.4.3. Combining Three Moderations

Considering that individual moderators and interaction terms may be related to each
other and their covariance may change the final results, we put female CEO (Genderi,t),
CEO education (Educationi,t), CEO duality (Dualityi,t), and their interaction terms with
founder CEO (FCEOi,t) in the same model. As the results in Table 8 show, H2a, H3a, and
H4a are still supported, while H2b, H3b, and H4b are still not significant. These findings
are consistent with the results of each separate moderation test in our main analysis. Thus,
our findings about the moderation effects are robust.
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Table 8. Three moderations included in the same model.

Variables
Column 1 Column 2

RDt Applyt+2

FCEO −0.0195 **
(0.00968)

−0.0771
(0.304)

Gender 0.00769 *
(0.00433)

−0.0727
(0.136)

FCEO × Gender −0.0116 **
(0.00583)

0.0112
(0.183)

Education 0.00120
(0.00112)

−0.00793
(0.0350)

FCEO × Education −0.00291 *
(0.00153)

−0.0083
(0.0481)

Duality −0.00685 *
(0.00382)

−0.0246
(0.120)

FCEO × Duality 0.0178 ***
(0.00490)

0.163
(0.154)

RDt
0.153

(0.620)

ROA −0.150 ***
(0.0285)

−0.888
(0.898)

FLev −0.0279 ***
(0.00779)

−0.121
(0.245)

IDR 0.0201
(0.0234)

0.942
(0.736)

Size −0.00983 ***
(0.00223)

−0.0325
(0.0702)

Own −0.0345 *
(0.0203)

1.422 **
(0.636)

Growth 5.02 × 10−6

(3.01 × 10−5)
1.48 × 10−6

(0.000944)

Age 0.00439
(0.00492)

0.197
(0.154)

FAR −0.00765
(0.00652)

0.459 **
(0.205)

Cashflow −0.00360
(0.00230)

−0.130 *
(0.0723)

DJG 0.00204 ***
(0.000464)

−0.00193
(0.0146)

Ratio 0.0392 ***
(0.0114)

0.557
(0.359)

Firm FE Yes Yes
Year FE Yes Yes

Industry FE Yes Yes

Constant 0.193 ***
(0.0675)

0.716
(2.120)

Observations 3340 3340
R-squared 0.102 0.050

Standard errors in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05, one-tailed test.

6. Discussion

Based on an analysis of the nine-year panel data of China’s GEM-listed companies, we
find that firms with a founder CEO have a lower innovation input but higher innovation
output than firms with a non-founder CEO. Our moderation analysis further shows that
compared with founder CEOs who are male or have lower education, founder CEOs
who are female or have higher education can reduce innovation input without sacrificing
innovation output. In contrast, compared with founder CEOs who are not the chairman
of the board, founder CEOs who take dual positions (CEO and chairman) tend to make
higher innovation input, but cannot increase the innovation output.
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6.1. Implications for Research

These findings contribute to entrepreneurship research in two respects. First, it ex-
pands the research on founder CEOs by investigating how the presence of founder CEOs
influences firms’ innovation input and output. Most previous research on founder CEOs
examines their impact on general organizational outcomes, and few studies have examined
their role in innovation management [10]. Our findings about founder CEOs’ reduction
on innovation input suggest that founder CEOs are likely to act as stewards for the firms,
so that their financial resources are efficiently utilized. Interestingly, we find that, for this
sample of China’s GEM companies, innovation input has no significant influence on the
subsequent years’ innovation output. This provides additional support to the stewardship
of founder CEOs: if they predict that innovation input cannot be turned into output, they
might intentionally cut down the investments on innovation to avoid unnecessary expenses.
These findings corroborate the existing literature that founder CEOs strive to serve the best
interests of the organization because their self-interests are aligned with the organizational
interests [55,88].

Second, we illustrate the heterogenous effects of founder CEOs on corporate innova-
tion performance at different levels of CEO characteristics. Specifically, we have shown
how gender, education, and CEO duality can moderate the way founder CEOs influence
innovation input and output. Compared with their counterparts, founder CEOs who are
female and have higher levels of education are able maintain the same level of innovation
output with lower innovation inputs, suggesting that they are more efficient in managing
innovations. These findings provide nuanced knowledge regarding the advantageous roles
played by founder CEOs who are female and have higher education. However, we also
find that when founder CEOs are also the board chairman, their efficiency level declines
because they tend to make more innovation investments without increasing innovation
output. Thus, consistent with the CEO duality literature, this research suggests that the
roles of CEO and chairman need to be separated to prevent opportunism and improve
efficiency [81].

6.2. Implications for Practice

This research has implications for entrepreneurship practice, particularly in terms of
executive appointment. It suggests that for high-tech, high-growth innovative firms, the
appointment of a founder CEO will likely help them achieve high innovation efficiency
characterized by low innovation input and high innovation output. It also suggests that the
role of CEO characteristics should be cautiously taken into consideration when appointing
founder CEOs.

Gender discrimination against women on the job market has long been a problem.
On average, in organizations, the number of male employees is higher than that of female
employees [96], and senior managers are mainly male [97]. It is also more difficult for
female employees to get promoted or enter the top management team [98,99]. In light of
the findings of this research, it suggests that female founder CEOs at least outperform
their male peers in the area of innovation management. Therefore, for enterprises with
limited resources, especially start-ups or small and medium-sized enterprises, appointing a
female founder CEO may be a wise choice if they try to develop competitive advantages
on innovation efficiency.

In addition, this research confirms that the education level of founder CEOs cannot
lead to more innovation output. While founder CEOs with higher education can reduce
innovation input, they are not able to improve innovation output. This suggests that when
firms appoint CEOs, education level should not be the only key factor. In addition to the
level of education, other important factors need to be considered, such as the ability to
assess and deal with risks in the internal and external environment of the enterprise. While
it seems like commonsense to focus on candidates’ overall leadership competence when
hiring CEOs, it is important not to let education become a biased criterion that prevents the
appointment of capable CEOs with a lower education level. This is particularly meaningful
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for small start-ups in China which are often founded by entrepreneurs whose education
levels are low.

Furthermore, when the founder CEOs serve as the chairman, they tend to increase
innovation input without increasing innovation output. This suggests that the centralization
of power in one person can lead to poor R&D investment decisions and low efficiency.
Therefore, firms should encourage the separation of CEO and chairman roles to strengthen
the supervisory role of the board of directors, improve the transparency of CEO decision
making, and eventually improve innovation performance of the firms.

Finally, the findings of our paper call for attention to the conversion rate of the
innovation process—that is, how many units of innovation output can be generated by
one unit of innovation input—as well as the influencing factors of the conversion rate [88].
Not only GEM-listed firms in China, but most international small- and medium-sized
companies are operating under resource constraints, and they cannot increase investments
in innovation to form a competitive advantage. Therefore, the concepts of conversion
rate and efficient innovation are particularly important [100] because firms need to work
efficiently to continuously improve their efficiency. Understanding the factors that facilitate
or hinder the transformation of innovation input into innovation output will help to
improve competitive advantage brought by innovation. Through this research, we show
that the founder CEO’s personal characteristics play an important role in determining the
efficient transformation of innovation input into innovation output.

6.3. Limitations and Future Research

This research has some limitations that could create opportunities for future research.
First, our sample is limited to China’s GEM-listed enterprises, most of which are start-ups.
Future research should expand the sample scope to include more firms who compete
on innovation. Our findings also need to be validated in other countries where market
environments and intellectual property policies are different from China. Second, we only
examined the moderating role of three CEO characteristics: gender, education, and duality.
Founder CEOs’ impact on innovation performance could depend on many other factors.
We encourage researchers to identify other salient CEO characteristics that could affect
how founder CEOs influence firm innovation performance. Third, we have studied the
lag effect of founder CEO on enterprise innovation, but the older the firm gets, the more
likely the founder CEO will be replaced, and their R&D decisions may change. When
firms grow older, their innovative initiatives can become more strategic. In these situations,
R&D investments’ time span may also grow, so the output can be observed in the long run.
Future research should expand the observation periods of sample enterprises to examine
such temporal effects.

7. Conclusions

In summary, this research shows that founder CEOs play an important role in influ-
encing firm innovation. Founder CEOs can efficiently use less innovation input to generate
more innovation output. Moreover, founder CEOs’ influence is moderated by their gender,
education, and CEO duality. This paper provides insights on how founder CEOs affect
firms’ innovation input and output, as well as the heterogeneity of their effects. The find-
ings are of great significance to management theory and practice, especially in the context
of fast-developing economies driven by innovation.
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