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ABSTRACT 

We investigate the relation between board gender diversity and firm profitability using the 

control function (CF) approach recently suggested by Wooldridge (2015). The CF method 

takes account of the problem of endogenous explanatory variables that have potential to bias 

the results. Using a sample of firms that made up the S&P 500 over the period 2004-2015, we 

find that the presence of women on corporate boards (measured either by the percentage of 

female directors on corporate boards or the Blau index of heterogeneity) has a positive and 

significant (at the 1% level) effect on firm profitability (measured by the return on assets). We 

compare our results to more traditional approaches (such as pooled OLS or the fixed-effects 

model). Through this study, we shed light on the effect of women on corporate boards on firm 

performance, as it is still a controversial issue (Post and Byron, 2015). 
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1. Introduction 

In recent years, board gender diversity (BGD) – or women on corporate boards (WOCB)2 

– has been at the center of policy and academic research (Terjesen, Sealy and Singh, 2009). 

Previously considered as an ethical issue (i.e. that it is wrong for individuals to be excluded 

from the highest echelons of organization purely on the grounds of gender), WOCB is in-

creasingly perceived as a value-driver for organizations. Robinson and Dechant (1997) have 

suggested a “business case for board gender diversity”, arguing that BGD may improve board 

decision-making, which, in turn, may influence firm performance. One may question, there-

fore, the veracity of this statement. 

The academic literature puts forward several arguments in support of BGD. These argu-

ments include enhanced quality of decision-making (Milliken and Martins, 1996) and a closer 

monitoring of boards’ strategic decisions (Nielsen and Huse, 2010) and board behavior 

(Adams and Ferreira, 2009), which, in turn, induce better firm performance. However, these 

claims have not been confirmed empirically. Indeed, despite a relatively large body of litera-

ture examining the relationship between WOCB and firm performance, the empirical evi-

dence is somewhat mixed (Post and Byron, 2015). Some studies have found that WOCB add 

value to the firm (e.g. Campbell and Mínguez-Vera, 2008, Liu, Wei and Xie, 2014), other 

studies have documented that WOCB decreases firm performance (e.g. Adams and Ferreira, 

2009, Ahern and Dittmar, 2012), while some other studies have found that WOCB have no 

effect on firm performance (e.g. Carter, D'Souza, Simkins and Simpson, 2010, Rose, 2007). 

Many reasons could explain such a mixed set of findings, with potential candidates includ-

ing the use of different samples, time windows, empirical specifications and methodologies 

(Adams, Haan, Terjesen and Ees, 2015, Ferreira, 2015). We believe that such empirical in-

consistency may be due to a failure to take endogeneity problems into account (Adams, 

2016). Establishing a causal relationship between BGD and firm performance might be chal-

lenging, as board characteristics are not exogenous random variables. Board characteristics 

are endogenously chosen by firms to fulfill their operating and contracting environment 

(Adams, Hermalin and Weisbach, 2010, Sila, Gonzaleza and Hagendorff, 2016). Three 

sources of endogeneity may bias the effect of board structure and firm performance (Wintoki, 

Linck and Netter, 2012). First, omitted/unobserved firm characteristics (both fixed and time-

varying) may simultaneously affect both the appointment of female directors and firm per-

formance. A second problem is reverse causality: WOCB may affect firm performance but it 

is also possible that financially healthy firms are more likely to appoint female directors. Fi-

nally, dynamic endogeneity may arise when current firm value and board structure are at-

tributable to past firm performance. Accordingly, not fully addressing the endogeneity issue 

may induce erroneous inferences about a causal relationship between BGD and firm perfor-

mance. We argue that the inconsistency in results mentioned by Post and Byron (2015) is 

partly due to this phenomenon. Furthermore, the mixed results indicate that more evidence is 

needed to increase the level of knowledge regarding the relationship between BGD and firm 

performance. 

The present study aims to fill this gap by using a control function (CF) approach to address 

the problem of endogeneity explicitly. The CF approach is an econometric method used to 

correct for biases that arise from endogeneity (Wooldridge, 2015). Specifically, a CF is a var-

iable that, when added to an equation, renders an endogenous explanatory variable exogene-

ous (Wooldridge, 2010). The CF approach has three attractive features (Wooldridge, 2015). 

First, this method makes it possible to treat in a very simple way the case of one or more en-

dogenous explanatory variables, as long as it is possible to have exogenous variables explain-

                                                           
2 We use both expressions in this study. 
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ing their variation; this method controls for the endogeneity of our variable of interest, BGD. 

Second, the approach provides a simple test to compare ordinary least squares (OLS) and two-

stage least squares (2SLS), which are robust in terms of heteroscedasticity and cluster correla-

tion. Third, the CF approach can parsimoniously handle models that are non-linear in endoge-

nous explanatory variables. Consequently, we use the CF approach to address endogeneity 

associated with WOCB explicitly. In doing so, we make an empirical and econometric contri-

bution by specifically taking into account the different facets of endogeneity through the CF 

approach (Wooldridge, 2015) that have not yet been used in the literature on WOCB. 

This study makes a theoretical contribution to the corporate governance and WOCB litera-

tures by examining the phenomenon in question within the framework of upper echelons theo-

ry (UET), rather than through agency and resource dependence theories (both commonly 

used). Following Post and Byron (2015), we surmise that the differentiated cognitive frames 

of female directors are likely to have a significant influence on firm outcome (Hambrick, 

2007). 

Finally, in this study, we only consider firm accounting returns, which are sometimes re-

ferred to as firm profitability (Post and Byron, 2015). According to Carter, D'Souza, Simkins 

and Simpson (2010), this refers to a company’s ability to use its assets and investments effi-

ciently to generate accounting income for the shareholders. Tobin’s Q is frequently used in 

the literature as a proxy for firm performance but Bhagat and Bolton (2008) argue that this 

measure may be subject to investor anticipation. If investors anticipate any effect of corporate 

governance, long-term stock returns will not be correlated with governance, even if an actual 

correlation exists. Consequently, consistent with Amore, Garofalo and Minichilli (2014) and 

Wintoki, Linck and Netter (2012), we only consider return on assets as our measure of per-

formance. 

Under this framework, the purpose of this paper is to provide new evidence regarding the 

relationship between BGD and firm profitability, by taking into careful consideration the issue 

of endogeneity through the CF method. Based on UET, we examine if WOCB positively in-

fluence firm profitability. 

The remainder of the article is structured as follows. Section 2 presents the theoretical 

framework and the hypothesis developed. Section 3 outlines the research design (focusing on 

the CF method). The results and concluding remarks are offered in Sections 4 and 5, respec-

tively. 

2. Theoretical framework and hypothesis development 

As Post and Byron (2015) point out, a large number of theories, such as agency theory 

(Fama and Jensen, 1983, Jensen and Meckling, 1976), resource dependence theory (Pfeffer 

and Salancik, 1978), social identity theory (Ashforth and Mael, 1989) and social categoriza-

tion theory (Tajfel, 1981), have served as a theoretical framework to examine the link be-

tween BGD and firm performance. Following Post and Byron (2015), we use UET 

(Hambrick, 2007, Hambrick and Mason, 1984) as our main theoretical framework in this 

study. Originally, UET focused on the top management team (TMT). However, the literature 

has applied this theory to boards of directors by considering the latter as “supra top manage-

ment teams” (Finkelstein, Hambrick and Cannella Jr., 2009): 11). UET assumes that directors 

differ in terms of cognitive frames and that these cognitive differences significantly influence 

firm outcomes (Hambrick, 2007). However, as directors’ cognitive frames are difficult to 

measure, the literature proxies cognitive frames through observable characteristics of direc-

tors, such as gender or age (see Dezsö and Ross, 2012, Krishnan and Park, 2005). 

Hambrick (2007) defines directors’ cognitive frames as their information-seeking and in-

formation-evaluation processes. He argues that directors’ cognitive frames are linked to their 
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own experiences, knowledge, and values and fundamentally shape how a director seeks and 

interprets the information he/she receives. This also significantly influences decision-making 

processes and in fine firm outcomes. Following Hillman, Cannella and Harris (2002) and 

Singh, Terjesen and Vinnicombe (2008), we argue that female and male directors significant-

ly differ regarding their cognitive frames and that gender diversity in the boardroom is likely 

to influence firm performance (e.g. Carpenter, 2002). 

First, the literature has found that female directors bring different cognitive frames to a 

board due to differences in their experiences and knowledge compared to their male counter-

parts. For instance, compared to male directors, females are more likely to possess a universi-

ty degree and hold advanced degrees (e.g. Dang, Bender and Scotto, 2014, Hillman, Cannella 

and Harris, 2002, Singh, Terjesen and Vinnicombe, 2008). In terms of work experience, fe-

male directors are less likely to have been CEOs or COOs3 and are more likely to have come 

from non-business backgrounds (e.g. Dang, Bender and Scotto, 2014, Hillman, Cannella and 

Harris, 2002, Singh, Terjesen and Vinnicombe, 2008). 

In another vein, Daily, Certo and Dalton (1999) have suggested that WOCB are likely to 

bring to boards new insights and different understandings of market segmentation. A market 

segmentation strategy involves sound knowledge of the various market segments, as well as 

the different groups of consumers, in order to propose an attractive marketing mix (e.g. 

Dickson and Ginter, 1987, Smith, 1956). Accordingly, Daily, Certo and Dalton (1999) argue 

that WOCB expand perspectives to meet local and global needs, especially for firms operating 

in markets with a high concentration of female buyers (e.g. the luxury sector and the automo-

tive industry). 

Second, owing to these differences in cognitive frames, we argue that a greater representa-

tion of female directors is likely to influence the decision-making processes of a board (Post 

and Byron, 2015). Specifically, we contend that an increase in female representation on cor-

porate boards significantly influences how decisions are made. Women’s leadership styles are 

said to be more participative, democratic and communal (Eagly, Johannesen‐Schmidt and Van 

Engen, 2003) than those of men, who are more likely to be autocratic (Eagly and 

Johannesen‐Schmidt, 2001). This is supported by Bart and McQueen (2013), who found that 

female directors make fair decisions when competing interests are at stake by virtue of their 

cooperative decision-making. 

The literature has shown that diverse groups have the potential to provide critical and valu-

able information, as they bring a greater range of perspectives to a board because of their ex-

periences and differentiated knowledge (Hillman, Shropshire and Cannella, 2007). It is as-

sumed that female directors have the capacity to exploit fully a firm’s capability to generate 

profits from its assets and investments (Carter, D'Souza, Simkins and Simpson, 2010, Miller 

and del Carmen Triana, 2009). In this context, Galbreath (2016) also argues that WOCB ena-

ble firms to meet the expectations and demands of the various stakeholders, which, in turn, 

improves corporate social performance (Boulouta, 2013). Finally, by empowering a multitude 

of viewpoints and cultivating deliberativeness in decision-making, WOCB might improve a 

firm’s decision-making processes and in fine the quality of that decision-making (Loyd, 

Wang, Phillips and Lount Jr, 2013, van Ginkel and van Knippenberg, 2008). This, is turn, 

increases firm performance. 

For all the above reasons, we hypothesize that BGD is likely to be positively related to 

firm performance. Accordingly, we assert the following: 

Hypothesis: All else being equal, female representation on boards is positively related 

to firm performance. 

                                                           
3 CEO: chief executive officer and COO: chief operating officer. 
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3. Research design 

3.1. Sample 

The initial sample of this study includes all the companies that made up the Standard & 

Poor’s 500 (S&P 500) as of December 31, 2015. It covers the period from 2004 to 2015. This 

index represents a broad cross-section of the US equity market, including stock traded on the 

New York Stock Exchange (NYSE) and Nasdaq. The S&P 500 captures over 80% of the total 

domestic US equity float-adjusted market capitalization. This index has already been used in 

previous studies (e.g. Anderson and Reeb, 2003, Carter, D'Souza, Simkins and Simpson, 

2010). This study focused exclusively on large-sized companies because they are more likely 

to be under scrutiny from various stakeholders in regard to BGD (Hillman, Shropshire and 

Cannella, 2007). 

Following standard practice, financial (SIC codes 6000-6999) and utility (SIC codes 4900-

4999) firms were excluded due to their particular features (in terms of specific disclosure re-

quirements and accounting regulations). Finally, observations with insufficient data were also 

excluded from the analysis. The final sample consisted of 381 firms and 3,446 firm-year ob-

servations. 

3.2. Variables definition 

3.2.1. Dependent variable 

Consistent with Wintoki, Linck and Netter (2012), our main measure of performance is re-

turn on assets (ROA), calculated as operating income before depreciation divided by total 

assets (Adams and Ferreira, 2009, Wintoki, Linck and Netter, 2012). ROA is an indication of 

the ability of a firm to generate accounting-based revenues in excess of actual expenses from 

a given portfolio measured on a historical basis. As such, ROA represents an indication of the 

accounting income produced for the shareholders (Carter, D'Souza, Simkins and Simpson, 

2010). 

Many studies that examine the relationship between BGD and firm performance use To-

bin’s Q as a measure of performance (e.g. Adams and Ferreira, 2009). However, two reasons 

motivated us to choose ROA as our measure of performance. First, Wintoki, Linck and Netter 

(2012) argue that the use of Tobin’s Q as a measure of performance might be a proxy for 

growth opportunities. However, there are theoretical foundations suggesting that growth op-

portunities are a cause, rather than a consequence, of governance structures. Boone, Field, 

Karpoff and Raheja (2007) and Linck, Netter and Yang (2008), among others, provide empir-

ical evidence to support this line of reasoning. 

Second, in their meta-analysis of 100 studies examining the link between WOCB and firm 

performance, Post and Byron (2015) found that BGD is positively and significantly related to 

accounting returns (such as ROA). This suggests that firms with a greater proportion of 

WOCB have higher accounting returns. In contrast, these authors do not find any significant 

relationship between WOCB and market performance (such as Tobin’s Q). Venkatraman and 

Grant (1986) question if Tobin’s Q and ROA can be treated as equivalent, interchangeable 

measures of firm performance. 

For both the above reasons, we followed Wintoki, Linck and Netter (2012) in choosing 

ROA as our measure of firm performance. 

3.2.2. Independent variable 

BGD was measured using two measures that have previously used in the literature. First, 

consistent with Adams and Ferreira (2009) and Carter, D'Souza, Simkins and Simpson 
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(2010), we employed the percentage of WOCB calculated as the number of female directors 

divided by the total number of directors. 

Second, we used the Blau (1977) index of heterogeneity, measured as )1( 2− ip , where 

ip  is the percentage of board members in each category i (in this case, male and female direc-

tors). Blau’s index can range from 0 (i.e. all board members are male) to 0.50 (which occurs 

when there is an equal number of female and male directors). 

3.2.3. Control variables 

Following prior studies, such as Bebchuk and Cohen (2005) and Bhagat and Bolton 

(2008), we controlled for firm and board characteristics that may affect our measure of per-

formance. 

Specifically, in Eq. [4, see section 3.3.5.], we first include Firm size (approximated using 

the natural logarithm of total assets; (Hillman, Shropshire and Cannella, 2007). Firm size is a 

key driver of firm value and firm performance. Large firms are associated with higher costs of 

monitoring, as they are more complex to lead. Consistent with the existing literature, we ex-

pected a negative relationship between firm size and firm financial performance (e.g. Adams 

and Ferreira, 2009, Isidro and Sobral, 2015). Second, we include Leverage (calculated as the 

ratio of total debt to total assets; (Campbell and Mínguez-Vera, 2008). According to Shleifer 

and Vishny (1997), leverage is an important governance mechanism that forces managers to 

generate enough cash flow in order to pay the interest and the principal. This will then miti-

gate agency conflicts resulting from cash flow. As a result, we expected a negative relation-

ship between leverage and firm financial performance (e.g. Campbell and Mínguez-Vera, 

2008, Isidro and Sobral, 2015). Third, we include R&D Intensity (measured as the R&D-to-

sales ratio; (Honoré, Munari and de La Potterie, 2015). Higher research and development 

(R&D) investment is usually associated with superior performance (e.g. Chan, Martin and 

Kensinger, 1990, Eberhart, Maxwell and Siddique, 2004). Hence, we expected R&D intensity 

to be positively related to firm performance. Fourth, we control for Growth opportunities (de-

fined as sales growth between t and t-1), as Green and Jame (2013) argue that a firm’s opera-

tional growth is an important vector of firm performance. Consistent with Isidro and Sobral 

(2015), we expected a positive relationship between firm growth and firm performance. Final-

ly, we include Firm age (measured as the natural logarithm of the number of years since the 

firm’s inception; (Anderson and Reeb, 2003). Older firms are often associated with organiza-

tional rigidity and rent-seeking behaviour by managers, which can cause firm performance to 

deteriorate. Conversely, age may bring knowledge and skills. Green and Jame (2013) show 

that firm performance declines with firm age. Therefore, we expected a negative relationship 

between firm age and firm performance. 

In our specification, we also include three sets of control variables related to board charac-

teristics. First, we include Board size (measured as the logarithm of the number of directors 

on the board; (Wintoki, Linck and Netter, 2012). The arguments for a positive relationship 

between board size and firm performance stem from resource dependence theory, which pos-

its that larger boards will have better information or greater knowledge due to the higher 

number of directors (e.g. Carter, D'Souza, Simkins and Simpson, 2010). However, proponents 

of agency theory posit a negative relationship (e.g. Yermack, 1996). Both theoretical and em-

pirical evidence suggest that we should include board size in Eq. [4], even if the direction of 

the relationship is not certain. Second, in Eq. [4], we consider Board independence (measured 

as the proportion of outside – non-executive – directors on the board; (Wintoki, Linck and 

Netter, 2012). The effect of board independence on firm performance remains an open ques-

tion in the literature (e.g. Adams and Ferreira, 2009, Bhagat and Bolton, 2008, Wintoki, Linck 

and Netter, 2012). Following Adams and Ferreira (2009) and Carter, D'Souza, Simkins and 

Simpson (2010), we include board independence as a control variable although the direction 
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of the relationship is uncertain. Finally, we add CEO duality (measured as a dummy variable 

that is equal to 1 if the CEO is also the chair, and 0 otherwise; (Wintoki, Linck and Netter, 

2012). Existing studies have found that CEO duality is likely to have an impact on firm per-

formance. However, the effect is a double-edged sword (Finkelstein and D'aveni, 1994). As 

previously, we add CEO duality to Eq. [4], following Carter, D'Souza, Simkins and Simpson 

(2010). 

3.3. Methodology 

3.3.1. Endogeneity issues in estimating the relationship between board gender diversity and 

firm performance 

According to Adams, Hermalin and Weisbach (2010), there is no convincing reason to be-

lieve that board structure is exogenous. Indeed, there are both theoretical arguments and em-

pirical evidence that suggest board structure is actually endogenous (e.g. Hermalin and 

Weisbach, 1988, 1998, 2003). For instance, Hermalin and Weisbach (1998) argue that board 

structure reflects an equilibrium resulting from a bargaining process between the CEO and the 

board. The CEO’s bargaining position stems from his or her ability (for which firm perfor-

mance is a proxy). As such, board structure depends on past performance. Hermalin and 

Weisbach (2003) argue that board structure and firm performance are jointly endogenous. 

Furthermore, Coles, Daniel and Naveen (2008) and Fama and Jensen (1983), among others, 

argue that board structure is a function of the scope and complexity of the firm. 

The prospect that BGD is a conscious choice made by a firm must be taken into account 

when estimating the relationship between BGD and firm performance (Adams and Ferreira, 

2009). Consequently, in this study, we specifically consider this endogeneity problem, follow-

ing Hambrick (2007), who highlighted that this issue is “essential for gaining a grasp of the 

causal mechanisms that lie behind empirical associations” (p. 2007). 

However, in order to examine the relationship between BGD and firm performance accu-

rately, two alternative explanations must be considered: omitted/unobserved factors and re-

verse causality (Adams and Ferreira, 2009, Sila, Gonzaleza and Hagendorff, 2016). 

3.3.2. Omitted/unobserved factors 

‘Omitted variable bias’ and ‘unobserved heterogeneity’ are variables, other than those 

specified in the model, that could provide an alternative or additional explanation to phenom-

ena under study (Gippel, Smith and Zhu, 2015). According to Adams, Almeida and Ferreira 

(2009) and Adams (2016), this is a major problem, especially when estimating the relation-

ship between BGD and firm performance, as a firm’s characteristics (both fixed and variable 

across time) may affect both the appointment of female directors and the governance choices 

made by an organization. 

For instance, based on institutional theory (DiMaggio and Powell, 1983, Meyer and 

Rowan, 1977), the larger and more visible an organization, the greater the pressure put on it to 

comply socially. Hillman, Shropshire and Cannella (2007) emphasize the fact that large listed 

companies are subject to much attention and are particularly exposed to the scrutiny of a vari-

ety of stakeholders (e.g. employees, customers, investors and communities) to increase female 

representation at all levels of the organization, especially in the boardroom. We also know 

that large firms behave differently from small ones regarding gender diversity (Martín-Ugedo 

and Minguez-Vera, 2014). If we do not properly account for firm size, this factor could play a 

role in the observed correlation between BGD and corporate. Consequently, the eventual out-

comes could suffer from omitted variable bias, making it difficult to determine the magnitude 

of the causal effect of gender diversity (Adams, 2016). 
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In the same vein, firms that are concerned about female representation on corporate boards 

may be more likely to appoint directors (the demand side) or may have a larger pool of wom-

en candidates on which to draw for board positions (the supply side; see Gabaldon, Anca, 

Mateos de Cabo and Gimeno, 2015). On the demand side, socially responsible organizations 

may be more likely to be progressive and appoint WOCB, because female director appoint-

ments are a means of displaying their legitimacy to stakeholders (Carleton, Nelson and 

Weisbach, 1998, Hillman, Shropshire and Cannella, 2007). Within this framework, BGD is a 

component of corporate social responsibility (CSR) and corporate social performance (CSP). 

Empirical studies have shown a positive association between BGD and CSR/CSP (e.g. Byron 

and Post, 2016). On the supply side, socially responsible organizations may appear to be very 

attractive in the eyes of female directors (Hillman, Shropshire and Cannella, 2007, Turban 

and Greening, 1997). Indeed, social identity theory suggests that individuals seek to surround 

themselves with people who share perspectives and values, particularly as a basis for group 

membership (Dutton and Duncan, 1987, Tajfel and Turner, 1986). Adams and Funk (2012) 

find in their sample that female directors are more likely to possess what Eagly, 

Johannesen‐Schmidt and Van Engen (2003) labelled ‘communal traits’:4 universalism and 

benevolence, among others. 

Firm-specific unobserved variables, i.e. unobserved variables that represent time-invariant 

properties of firms, such as national institutional systems (Grosvold and Brammer, 2011) or 

cultural effects towards BGD (Carrasco, Francoeur, Labelle, Laffarga and Ruiz-Barbadillo, 

2015), may significantly affect the relationship between BGD and firm performance. Indeed, 

Grosvold and Brammer (2011) and Carrasco, Francoeur, Labelle, Laffarga and Ruiz-

Barbadillo (2015) argue that country-level institutions play a significant role in the female 

representation on corporate boards and cultural traits significantly affect a firm’s perfor-

mance. However, these antecedents may be difficult to observe and measure. Consequently, 

these antecedents are usually omitted from econometric specifications. 

In this context, whatever the source of the omitted variable bias (which, moreover, can be 

cumulative), it is possible to observe a statistical relation between BGD and firm perfor-

mance, even in the absence of a causal relationship between the two variables. In general, the 

literature deals with this issue by using panel data analysis and fixed-effects estimators, as 

these can take account of this bias under certain assumptions (Wooldridge, 2010). However, 

this treatment may not be sufficient because of a second explanation: reverse causality 

(Adams and Ferreira, 2009). 

3.3.3. Reverse causality 

Another problem associated with endogeneity is reverse causality (or simultaneity), which 

occurs when the dependent variable and the variable of interest are jointly determined 

(Gippel, Smith and Zhu, 2015). There might be a source of endogeneity in the relationship 

between BGD and firm performance, as the match between corporate boards and female di-

rectors is likely to be a function of both firm and individual characteristics (Adams, 2016). 

Specifically, any correlation between corporate outcomes and BGD may be the result of both 

the effect of WOCB on outcomes and the effect of outcomes on BGD. In performance speci-

fications, WOCB may affect firm performance, but it is also possible that financially success-

ful firms may be more likely to appoint female directors (Adams and Ferreira, 2009). Not 

taking into account reverse causality in the specification might produce biased results, as the 

direction of causality could go both ways (Gippel, Smith and Zhu, 2015). Beyond these two 

sources of endogeneity, Wintoki, Linck and Netter (2012) categorized a third source of en-

dogeneity: dynamic endogeneity. 

                                                           
4 In essence, ‘communal traits’ encompass caring, sensitivity, honesty, understanding, compassion and sympathy (Eagly, 

Johannesen‐Schmidt and Van Engen, 2003). 
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3.3.4. Dynamic endogeneity 

Generally, the term ‘dynamic endogeneity’ refers to the type of endogeneity that arises 

when a firm’s current actions are correlated to its control environment and future performance 

(Wintoki, Linck and Netter, 2012). In a general framework of the relation between govern-

ance and performance, endogeneity could arise when the current corporate governance mech-

anisms, control characteristics and firm performance are determined by the firm’s past per-

formance. For instance, if a firm suffers from poor performance, it is likely that this situation 

will prompt shareholders to replace board members who will issue more stringent governance 

rules. This is likely to affect the firm’s current board structures, some control characteristics 

and performance (Hermalin and Weisbach, 1998). Consequently, Wintoki, Linck and Netter 

(2012) argue that corporate financial decisions are likely to be dynamic in nature. Raheja 

(2005) and Harris and Raviv (2008) hypothesize that past performance has a direct influence 

on a firm’s innovation environment or potential profits. All these factors (individually and 

collectively) might affect the optimal board structure, including female representation on cor-

porate boards. Consequently, Wintoki, Linck and Netter (2012) refer to this relationship as 

dynamic endogeneity. They find that, in the US market, a dynamic relationship between cur-

rent governance and past firm performance exists. Their results imply that, if the dynamic 

endogeneity problem is not carefully controlled, the relation between current board structure 

and past performance is likely to yield inconsistent results. 

3.3.5. Identification strategy 

Our main model is as follows: 

itititit Z  +++= ')BLAUorWOCB(e)Performanc (Firm  [1] 

where i denotes firms in the sample, t refers to period, (Firm Performance) is a measure of 

firm performance i’s at time t, (WOCB / BLAU) is a measure of BGD in the same firm at the 

same time, Z’it is a vector of observable control variables influencing firm i’s performance at 

time t, and εit is an error term; α, β and γ are parameters to be estimated given a random panel 

sample of firm observations. 

Studies such as Adams and Ferreira (2009) and Carter, D'Souza, Simkins and Simpson 

(2010) implement a fixed- effects (FE) panel model in order to overcome estimation issues 

associated with endogeneity. If the unobservable characteristics are constant over time for an 

individual firm, an FE panel model might produce consistent parameter estimates robust to 

these unobservable effects (Petersen, 2009). This hypothesis is reasonable if the panel dataset 

exhibits a small-time series and a large cross section due to unobserved time-invariant charac-

teristics. 

An FE panel model only produces consistent parameter estimates under the assumption of 

strict exogeneity: a firm’s corporate governance and controls are orthogonal to past, present 

and future innovations in performance. As stressed earlier, the problem of endogeneity could 

violate the assumption of strict exogeneity. Several studies of the BGD-performance relation 

provide evidence consistent with reverse causality (e.g. Adams and Ferreira, 2009, Sila, 

Gonzaleza and Hagendorff, 2016). This is likely to violate the strict exogeneity of the FE pan-

el model, as the regressors are correlated with the errors. 

The FE approach might not be adequate to control for all sources of endogeneity because 

of the restrictions mentioned previously. Consequently, we employ the control function meth-

od suggested by Wooldridge (2015) as being robust enough to deal with dynamic endogenei-

ty, reverse causality and omitted variable bias. 
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Wintoki, Linck and Netter (2012) suggest that the dynamic relationship between BGD and 

firm performance induces that (WOCB)it is a function of past performance, as well as other 

firm characteristics. Accordingly, the dynamic relationship of BGD might be as follows: 

],,)ePerformancPast [(WOCB)( '

, itititktiit Zf −=  [2] 

The notations correspond to those presented in Eq. [1]. 

To account for dynamic endogeneity, following Arellano and Bond (1991) and Wintoki, 

Linck and Netter (2012), we extend Eq. [1] by including a lagged dependent variable. Eq. [3] 

is as follows: 

itititktiit Z  ++++= −

'

, )WOCB()ePerformanc Firm()ePerformanc Firm(  [3] 

The number of lags of the dependent variable, i.e. (k), used in Eq. [3] is empirically deter-

mined. Existing studies in the corporate governance literature has either used 1=k  (e.g. 

Adams and Ferreira, 2009, Dezsö and Ross, 2012) or 2=k  (e.g. Wintoki, Linck and Netter, 

2012) to control any potential effects of the autoregressive process on the stochastic term. 

Consistent with Nguyen, Locke and Reddy (2014), we use 1=k , as there are no significant 

differences between 1=k  and 2=k . These authors argue that one-year lagged firm perfor-

mance is sufficient to construct a complete and dynamic specification of Eq. [3]. Accordingly, 

when 1=k , the baseline model is as follows: 

ititititit

itititit

ittiit







+++++

++++

++= −

)dual()bsize()bindep()fage(

)growth()D&R()lev()fsize(

)BLAUorWOCB()ePerformancFirm()ePerformancFirm(

9876

5432

11,

 [4] 

Generally, a FE model or a correlated random effects (CRE) model can be used to address 

the endogeneity associated with unobserved time invariant characteristics. We choose the 

CRE approach to estimate Eq. [4], as it allows us to recover the coefficients of invariant un-

observed variables (Wooldridge, 2015). To address the potential problem of unobserved time-

varying factors, we use a control function approach, or CFA (see Wooldridge, 2015), for an 

introduction).5 We adopt the CFA rather than the more typical instrumental variables (IV) or 

2SLS approach. The CFA is inherently an IV method. Its implementation assumes the availa-

bility of variables that do not appear in the equation to be estimated, i.e. excluded instrumen-

tal variables, which explains the variation in the endogenous explanatory variable, here 

(WOCB or BLAU)it. The exogenous variation induced by excluded instrumental variables 

provides a separate variation in the residuals obtained from a reduced form, and these residu-

als serve as the controls. By adding appropriate control functions, which are usually estimated 

in a first-stage regression, the endogenous explanatory variable becomes appropriately exoge-

nous in a second-stage regression. We go into the chosen methodology in more detail below. 

The model we estimate can be written as: 

TtandNiucyyzy ittitiititit ...,,1...,,1,111,1221

'

11 ==+++++= −   [5] 

where yit denotes the performance index of firm i at time t, ηt is a time t effect, y2it is the indi-

cator of BGD of firm i at time t, z1it is a vector of the control variables, c1i is the firm i fixed 

effect, and u1it is the usual two-sided error term. In the application, 

                                                           
5 Recent applications of CFA can be found in Giles and Murtazashvili (2013), Liverpool-Tasie (2017), and López-Feldman 

and Chávez (2017) and Woldeyohanes, Heckelei and Surry (2017). 
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• ROAyit =  

• BlauorWOCBwit = , and 

• 







=

duality and

size board ce,independen board age, firm growth, D,&R leverage, size, firm
'

1itz . 

This model is often called the ‘structural’ model in the control function approach 

(Wooldridge, 2015). 

Let )...,,( 1 iTiit zzz = denote the vector of the observed strictly exogenous variables (condi-

tional on ci1). Note that z’1 is part of zi, i.e. we can define zit as )( '

2

'

1 ititit zzz = , where z’2it de-

notes a vector of instrumental variables that are excluded from Eq. [5]. In the application, 

• 100'

2 Fz it =  

where F100 is the instrumental variable used in this study. Following Reguera-Alvarado, 

Fuentes and Laffarga (2017), this variable relates to the visibility of the firm. Consistent with 

these authors, we use a dummy variable that equals 1 if a firm is included in the S&P 100 

Index and 0 otherwise. As this index encompasses the largest companies in the US,6 we hy-

pothesize that those firms are expected to have a higher exposure to investors, customers, 

communities, media, etc., especially regarding BGD (Hillman, Shropshire and Cannella, 

2007). 

This model allows for two types of unobserved heterogeneity among firms: a time-constant 

unobserved heterogeneity, c1i, and time-varying unobservable, uit. Thus, there are two kinds of 

potential omitted variables. The time-constant heterogeneity, c1i, may be correlated with y2it 

and zi. Second, the time-varying omitted variables captured by the error term uit are, by defini-

tion, uncorrelated with zi – strict exogeneity – but may be correlated with y2it. These two is-

sues can be addressed using simultaneously the control function approach and the correlated 

random effect estimator. 

In a control function approach, it is assumed that the reduced form of the endogenous ex-

planatory variable y2it is a linear projection in the population, or: 

itiitit uczzy 222

'

21

'

12it +++=   [6] 

The classical rank condition of identification in IV estimation can now be written as δ2 ≠ 0, 

and tested using a classical F-test. This equation can also be written as: 

itiitit uczy 221

'

2 ++=   [7] 

Eq. [7] can be estimated using a classical FE estimator but this approach prevents the use 

of any time-invariant regressors in the equation. Another estimation strategy is then to use the 

correlated random estimator proposed by Mundlak (1978). This estimator is based on the as-

sumption that: 

iii azc 22 +=   [8] 

Where jiz denotes the time average of the jth variable for firm i, i.e. 
=

−=
T

t

jitji zTz
1

1  . Then, 

plugging Eq. [8] into Eq. [7], the latter becomes: 

                                                           
6 63% of the market capitalization of the S&P 500 and approximately 51% of the market capitalization in the US (source: 

Standard & Poor’s). 
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itiitit vzzy 2

'

2 ++=   [9] 

where itiit uav 222 += . This equation can be estimated by pooled OLS as .0)( 22 =+ ititi zuaE  It 

is important to note that (i) this approach can be shown to be equivalent to fixed-effect esti-

mation, (ii) it can be used to estimate the effects of time-invariant variables, and (iii) a simple 

test of correlation between c2i and iz  can be performed using H0: λ = 0. 

Endogeneity of ity2  arises in Eu. [5] if and only if itu1  in Eu. [5] is correlated with itu2  in 

Eq. [6]. We can summarize this by writing the linear projection of 
itu1

 on itu2  in error form as: 

( ) itiitit

ititit

eavu

euu

1221

121

+−=

+=




 [10] 

where ( ) ( )2

112 / ititit uEuuE=  is the population regression coefficient. Note that, in this con-

struction, ( ) 012 =itit euE  and ( )itit ezE 1 , because both 
itu1

 and itu2  are uncorrelated with itz . 

Thus, ( ) 012 =itit eyE . 

( )

( )

itiiitiititit

itiiititiititit

itiititiititit

ecvyyzy

eacvcyyzy

eavcyyzy

1021,1221

'

11

121211,1221

'

11

12211,1221

'

11

+++++=

+−+++++=

+−++++=

−

−

−







 [11] 

where iii acc 210 −= . We now view itv2  as an additional explanatory variable in Eq. [5]. The 

introduction of this additional variable now makes it possible to avoid the problem of the en-

dogeneity of ity2  when estimating 2  in Eq. [11].  However, we are still faced with the prob-

lem of a possible correlation between the fixed effect ic0  and this additional variable. We can 

proceed in the same way as we did for the fixed effect in Eq. [5], i.e. by assuming that: 

iii avc 1200 +=  [12] 

where iv 2  denotes the time average of the iiv2 s for firm i, i.e 
=

−=
T

t

iti vTv
1

2

1

2 . 

Finally, plugging Eq. [12] into Eq. [11], we have the following ‘augmented’ model: 

itiiittiititit eavvyyzy 112021,1221

'

11 ++++++= −   [13] 

where, now ( ) 0211 =+ ititi yeaE . This equation can be estimated using pooled OLS. 

To sum up, estimation of the impact of BGD is performed in two steps: 

1. Estimation of the reduced form, Eq. [9] for ity2 , using pooled OLS. Obtain residuals 

itv2
ˆ for all (i,t) pairs and computation of 

=

−=
T

t

itit vTv
1

2

1
2 ˆˆ . 

2. Estimation of the augmented regression from Eq. [13], in which we replace itv2  and iv2  

with their estimated values itv2
ˆ  and iv2

ˆ , using pooled OLS. Testing the endogeneity of 

ity2 is now equivalent to testing H0: θ = 0 using robust t-statistics. 



Page | 12  

Finally, because of the two-step procedure, the standard errors in the second step are 

known to be incorrect. Murphy and Topel (2002) proposed a general method of calculating 

the correct asymptotic covariance matrix for the second step estimators. However, this meth-

od entails complicated calculations. Instead, we prefer to estimate the robust standard errors in 

the second step using a bootstrap technique; that is to say, by resampling the firms a large 

number of times. This number can be fixed, following Davidson and MacKinnon (2000). 

For purposes of comparison, in our tables we report the results of pooled OLS and the pan-

el FE of Eq. [4]. 

3.4. Descriptive statistics and correlation analysis 

Table 1 presents descriptive statistics of all the variables. The mean ROA is 7.65%. How-

ever, there is a large variation in ROA within the sample firms, as the minimum is -61.82% 

and the maximum is 46.84%. Compared to Adams and Ferreira (2009) and Carter, D'Souza, 

Simkins and Simpson (2010),7 the firms in our sample enjoyed a better economic perfor-

mance, the aforementioned studies finding mean (ROA) values of 3.19% and 3.90%, respec-

tively. This is probably due to our time window being more recent (2004-2015), compared to 

1996-2003 and 1998-2002, respectively. 

The mean (resp. median) percentage of WOCB is approximately 25% (resp. 28%), which 

is significantly higher than that reported by Adams and Ferreira (2009) of 8.50%. The more 

recent time period of our study may explain the difference. The Blau index of BGD ranges 

from 0.00 (i.e. no WOCB) to 0.50 (half of the board are female directors). Approximately 

85% of the firms in our sample have at least one female director. This proportion is much 

larger than the 61% reported by Adams and Ferreira (2009). Finally, the average number of 

WOCB is 1.76, while Carter, D'Souza, Simkins and Simpson (2010) reported 1.30 for their 

sample. In a nutshell, women have been more prominent in the boardrooms in the last decade. 

Female directors seem to have made significant inroads on governance bodies. 

Relative to Carter, D'Souza, Simkins and Simpson (2010), the firms in our sample are larg-

er in terms of assets (9.39 vs. 8.35) and managed by slightly smaller boards (10.528 vs. 

11.219). Compared to Adams and Ferreira (2009), the firms in our sample are more independ-

ent (82% vs. 63%). Finally, relative to Carter, D'Souza, Simkins and Simpson (2010), 57% 

(vs. 71%) of the firms in our sample have CEOs acting as chairs. 

Ultimately, given the above differences, the firms in our sample seem to have significant 

differences with existing studies. This observation has to be underlined. 

[Place Table 1 here] 

Table 2 reports the correlations among the variables. As a rule of thumb, a correlation of 

0.70 or higher in absolute value may indicate a multicollinearity issue (Liu, Wei and Xie, 

2014). The results show that the highest correlation coefficient of 0.98 (in bold) appears be-

tween the percentage of WOCB and the Blau index. However, since these two variables are 

used alternately in Eq. [4], their high correlation is not an issue. No other correlation coeffi-

cient has an absolute value higher than 0.7. 

To make sure that multicollinearity is not a problem in Eq. [4], we calculated the variance 

inflation factors (VIF) for all the variables (Wooldridge, 2014). The VIFs ranged from 1.02 to 

2.31, well below the cut-off of 10 recommended by Wooldridge (2014). Consequently, we 

concluded that multicollinearity had little impact on our analyses. 

                                                           
7 The two main studies examining the relationship between BGD and firm performance, using ROA as their measure of 

performance. 
8 Non-logarithmic values. 
9 Adams and Ferreira (2009) reported a board size value of 9.38. 
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Table 2 also reveals several significant correlations between the variables. First, there is a 

significant and positive relationship between ROAt and ROAt-1, confirming the hypothesis 

developed by Wintoki, Linck and Netter (2012) that past performance may affect current per-

formance. Second, Table 2 shows a significant and positive relationship (at the 1% level) be-

tween our measures of BGD and firm size. This suggests that larger firms are more likely to 

appoint female directors (Hillman, Shropshire and Cannella, 2007). 

[Place Table 2 here] 

4. Results 

Table 3 presents the estimates of Eq. [4] with the percentage of WOCB as our explanatory 

variable. The results obtained from pooled OLS and FE estimations are reported in columns 1 

and 2 of Table 3, respectively. The results associated with the CF method are displayed in 

columns 3 to 5. 

Regardless of the method used, we note that the coefficient related to past performance is 

found to be positive and significant (at the 1% level), supporting the claim of Wintoki, Linck 

and Netter (2012) that performance is path-dependent, i.e. past performance has a significant 

effect on current performance. 

In column 1 of Table 3, the coefficient of the WOCB variable is found to be statistically 

positive at the 5% level of significance (β = 0.028; t = 0.05). Conversely, this variable is 

found not to be statistically significant at the 10% level in the FE model (column 2 of Table 

3). 

Let us turn now to the CF approach. Before going into the detail of Eq. [4], we need to es-

tablish whether our instrument is significantly related to the percentage of WOCB. The results 

of the first-stage instrumental variable are shown in column 3 of Table 3. We can see that the 

variable associated with WOCB is positively and significantly (at the 1% level) linked to be-

longing to the S&P 100 index (our instrumental variable), firm size, age of the firm and board 

independence. The instrument we chose thus has a significant effect on the percentage of 

WOCB after controlling for other characteristics of the firms. This is clearly confirmed by the 

p-values associated with the rank condition test. As the variable F100 has the sign we ex-

pected, our model therefore makes theoretical sense. Column 4 of Table 3 reports the results 

of the estimation of Eq. [13]. We begin by considering the percentage of WOCB as exoge-

nous. As previously, we find that past performance has a positive and significant effect (at the 

1% level) on current performance, thereby confirming the hypothesis of Wintoki, Linck and 

Netter (2012) regarding dynamic endogeneity. 

The possibility that BGD is endogenous is then taken into account via the incorporation of 

the estimated residual of the first-stage regression as an additional variable in Eq. [13]. The 

results reported in Table 3 clearly show that WOCB must be considered as endogenous. The 

residual is indeed significantly different from zero. WOCB always has a significantly positive 

effect on the performance of a firm. Where WOCB is treated as endogenous, however, the 

effect is seven times higher than in the case where WOCB is considered as exogenous. Every-

thing else being equal, a one standard deviation increases in the percentage of WOCB (an 

increase in the number of female directors by about 1.3) corresponds to an estimate increase 

in firm profitability (ROA) of approximately 3.49.10 

[Place Table 3 here] 

                                                           
10 Based on the figures in Table 1. 
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To confirm the previous results of Eq. [13], we also use the Blau index as our independent 

variable. The results are shown in Table 4. Overall, our results are consistent with those pre-

sented earlier, that WOCB has a positive and significant effect (at the 1% level) on firm prof-

itability. This effect is six times higher when WOCB is considered as endogenous. A one 

standard deviation increase in WOCB yields an estimated increase in firm profitability of 

2.44%. It should be noted that the effect of past performance is significant and positive, and 

has the same magnitude, whether the percentage of WOCB is considered as exogenous. 

[Place Table 4 here] 

As far as the control variables are concerned, we notice that, consistent with previous stud-

ies (e.g. Adams and Ferreira, 2009, Isidro and Sobral, 2015) firm size has a negative and sig-

nificant effect (at the 1% level) on firm profitability in models 5 and 10. This result suggests 

that larger firms have more complex activities and are more difficult for investors to monitor. 

As expected, leverage is, in all models, negatively and significantly (at the 1% level) correlat-

ed to firm profitability, suggesting that leverage is not an efficient mechanism, in our sample 

firms, for reducing agency conflict in a firm. Our results are consistent with Isidro and Sobral 

(2015). 

Regarding board characteristics, we find that board size and board independence are nega-

tively and significantly related to firm profitability only when BGD is endogenous (see mod-

els 5 and 10). We notice that the size and independence of a board are not statistically signifi-

cant at the 10% level when the endogeneity of board structure is not properly taken into ac-

count (see models 1, 2, 6 and 7), confirming the claim by Adams, Hermalin and Weisbach 

(2010) on this matter. The fact that board size is negatively correlated with firm profitability 

is consistent with previous studies, such as Adams, Almeida and Ferreira (2005) and Cheng 

(2008), among others. This is in line with the view that larger boards need to comprise to 

reach consensus and, consequently, induce destruction in firm performance. Finally, the sig-

nificant negative relationship between board independence and firm profitability is consistent 

with Agrawal and Knoeber (1996) and Bebchuk and Cohen (2005), among others. According 

to Faleye (2007), this is due to the fact that “the costs of weak advising outweigh the board’s 

monitoring” (p. 177). 

5. Concluding remarks 

5.1. Conclusions 

Claims that BGD improves firm performance are abundant in the business press and in ac-

ademic literature (Terjesen, Sealy and Singh, 2009). There is no consensus in the literature 

regarding the effect of WOCB on firm performance, as the results are mixed (Post and Byron, 

2015). This study seeks to shed light on the topic. Consistent with Adams, Almeida and 

Ferreira (2009) and Wintoki, Linck and Netter (2012), we argue that not properly taking into 

account the problem of endogeneity that arises because of differences in unobservable charac-

teristics across firms, reverse causality and dynamic endogeneity may induce erroneous infer-

ences regarding the relationship between BGD and firm performance. The contrasting results 

mentioned by Post and Byron (2015) are probably explained by this observation. According-

ly, we pay careful attention to endogeneity issues that could mitigate the finding by using the 

CF method developed by Wooldridge (2015), instead of the generalized method of moments 

(GMM) classically used in the literature In essence, Wooldridge (2010) defines the CF as a 

proxy variable that renders an endogenous explanatory variable exogenous (when conditioned 

on) in a regression.. Overall, we find that BGD is positively and significantly (at the 1% level) 

correlated to firm profitability. The economic effect is higher when BGD is considered as 
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exogenous. In line with Wintoki, Linck and Netter (2012), we also find that past performance 

has a significant effect on the relationship between BGD and firm performance, confirming 

the claim of these authors regarding dynamic endogeneity. Our findings confirm the results of 

Farrell and Hersch (2005), who find a positive relationship between ROA and the likelihood 

of appointing a higher proportion of female directors to boards. Our study confirms some pre-

vious studies on the positive link between BGD and firm performance (e.g. Liu, Wei and Xie, 

2014, Reguera-Alvarado, Fuentes and Laffarga, 2017). 

Our study, like those cited above, temper the assertion of Adams and Ferreira (2009) and 

Ferreira (2015) that when the endogenous characteristics of women’s representation on corpo-

rate boards is taken into, the relationship is necessarily negative. Our findings do not support 

this assumption. We argue that idiosyncratic characteristics of firms are likely to have a sig-

nificant influence on the relationship between BGD and firm performance. Indeed, our results 

may be influenced by the ‘critical mass’ of WOCB (Joecks, Pull and Vetter, 2013, Konrad, 

Kramer and Erkut, 2008). Critical mass theory (Kanter, 1977) suggests that the interactions 

within a group depend fundamentally upon the size of the group. When a sub-group size 

reaches a certain threshold, or critical mass, the influence of this sub-group increases signifi-

cantly. As shown in Table 2, the mean percentage of WOCB is about 25% (vs. 8.50% for 

Adams and Ferreira, 2009), with 21% of firms in the sample having at least three women on 

their corporate board. Joecks, Pull and Vetter (2013) argued that critical mass is a key compo-

nent in assessing the relationship between BGD and firm performance. Consequently, differ-

ent firms’ idiosyncrasies may alter the link. 

Consequently, this article offers new insights regarding the relationship between BGD and 

economic results (measured by the ROA) resulting from new US data and a new econometric 

approach (via the CF method). 

5.2. Implications 

Our results offer some managerial insights and policy implications. First, we support, to 

some extent, the business case for BGD, since we find a positive and significant relationship 

between BGD and firm profitability. Second, our findings suggest that firms should have a 

more efficient view regarding having WOCB, as we show that a greater proportion of WOCB 

creates value of, more or less, 3% on ROA. This increase in firm economic performance is 

often accompanied by greater visibility and commitments to CSR, which in turn affects CSP 

(Boulouta, 2013). Third, this research has strong implications for both governments and law-

makers (market regulators), as well as shareholders and fund managers, in terms of enhancing 

public decision-making towards BGD and portfolio management. 

5.3. Limitations 

Our study is not without limitations. First, we analyze the impact of BGD on firm profita-

bility in the US context (English-origin countries; see La Porta, Lopez-de-Silanes, Shleifer 

and Vishny, 1998). Grosvold and Brammer (2011) argue that institutional, cultural and politi-

cal systems are important when analyzing the relationship between BGD and firm perfor-

mance. Hence, further cross-country studies are necessary to confirm (or dispute) our find-

ings, as they might be driven by national specificities. Second, our study focuses on the larg-

est US listed companies in the S&P 500 index. Further studies are needed on small- and me-

dium-sized firms, entrepreneurial and private equity firms, and public sector firms and non-

profit organizations, since they are significantly different (e.g. in terms of capital structure or 

ownership). The differences may significantly affect the relationship between BGD and firm 

performance. 
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Table 1 

Descriptive statistics (N = 3,446) 

Variables Mean SD Median Min. Max. 

ROA 7.650 7.939 7.335 -61.821 46.841 

WOCB 16.000 9.493 16.667 0.000 54.545 

Blau index 0.251 0.125 0.278 0.000 0.5000 

Firm size 9.389 1.212 9.276 5.968 13.590 

Leverage (%) 24.625 16.797 22.874 0.000 146.908 

R&D (%) 4.674 15.920 0.468 0.000 540.072 

Firm growth 8.944 39.124 6.232 -100.000 1,549.391 

Firm age 3.790 0.950 3.912 0.000 5.361 

Board independence (%) 82.503 10.353 77.778 16.667 100.000 

Board size 2.353 0.202 2.398 1.386 2.996 

Duality 0.574 0.495 1.000 0.000 1.000 

S&P 100 0.205 0.403 0.000 0.000 1.000 

Variables are defined in sub-section 3.2. 

Table 2 

Correlation matrix 

  1 2 3 4 5 6 

1 ROA 1.000      

2 Lagged ROA 0.575*** 1.000     

3 WOCB 0.007 0.011 1.000    

4 Blau index 0.005 0.009 0.978*** 1.000   

5 Firm size -0.155** -0.136 0.216*** 0.233*** 1.000  

6 Leverage (%) -0.220*** -0.187*** 0.032 0.025 0.062*** 1.000 

7 R&D (%) -0.190*** -0.193*** -0.020 -0.015 -0.101*** -0.103*** 

8 Firm growth 0.112*** -0.026 -0.060*** -0.071*** -0.044 -0.081*** 

9 Firm age 0.034 0.040 0.216*** 0.231*** 0.127*** 0.121*** 

10 Board indep. -0.057*** -0.036 0.208*** 0.223*** 0.163*** 0.043 

11 Board size -0.096*** -0.089*** 0.230*** 0.271*** 0.497*** 0.089*** 

12 Duality 0.008 0.014 0.088 0.083*** 0.115*** 0.048*** 

13 S&P 100 0.072*** 0.099*** 0.185*** 0.199*** 0.629*** -0.039*** 

  7 8 9 10 11 12 

7 R&D (%) 1.000      

8 Firm growth 0.032 1.000     

9 Firm age -0.077*** -0.106*** 1.000    

10 Board indep. 0.010 -0.076*** 0.134*** 1.000   

11 Board size -0.066*** -0.057*** 0.187*** 0.115*** 1.000  

12 Duality -0.065*** 0.002 0.185*** 0.196*** 0.052*** 1.000 

13 S&P 100 0.011 -0.049*** 0.142*** 0.133*** 0.279*** 0.167*** 

  12      

13 S&P 100 1.000      

 1 2 3 4 5 6 7 8 9 10 11 12 13 

VIF 1.22 1.20 1.13 1.17 2.31 1.09 1.10 1.02 1.14 1.10 1.40 1.10 1.92 

Variables are defined in sub-section 3.2. *** indicates significance at the 1% level. 
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Table 3 

Results: ROA and WOCB 

 

Pooled OLS 
Fixed 

effects 

Control function 

 
First stage 

Second stage 

 Exogenous Endogenous 

 (1) (2) (3) (4) (5) 

F100   1.765*** 

(0.498) 

  

Lagged ROA 0.532*** 

(0.037) 

0.143** 

(0.034) 

 0.686*** 

(0.013) 

0.678*** 

(0.030) 

WOCB 0.028** 

(0.014) 

-0.021 

(0.025) 

 0.035*** 

(0.010) 

0.279*** 

(0.102) 

Firm size -0.587*** 

(0.143) 

-0.282 

(0.778) 

2.942*** 

(0.516) 

-0.420*** 

(0.082) 

-0.591*** 

(0.130) 

Leverage -0.065*** 

(0.011) 

-0.178*** 

(0.031) 

0.035* 

(0.021) 

-0.041*** 

(0.006) 

-0.037*** 

(0.007) 

R&D -0.048*** 

(0.010) 

-0.071*** 

(0.025) 

-0.024 

(0.017) 

-0.029*** 

(0.006) 

-0.032* 

(0.021) 

Firm growth 0.023* 

(0.013) 

0.027* 

(0.015) 

-0.002 

(0.004) 

0.022*** 

(0.003) 

0.023* 

(0.016) 

Firm age 0.323** 

(0.139) 

3.550*** 

(0.895) 

2.640*** 

(1.003) 

0.210** 

(0.096) 

-0.126 

(0.191) 

Board indep. -0.011 

(0.013) 

0.025 

(0.023) 

0.119*** 

(0.028) 

-0.013 

(0.009) 

-0.046*** 

(0.017) 

Board size 0.124 

(0.732) 

-0.885 

(1.196) 

-0.338 

(1.588) 

0.450 

(0.533) 

-1.453** 

(0.839) 

Duality 0.017 

(0.258) 

0.113 

(0.523) 

0.296 

(0.320) 

0.054 

(0.188) 

-0.045 

(0.170) 

Constant 9.660*** 

(2.020) 

0.184 

(6.827) 

-21.834*** 

(2.538) 

5.765*** 

(1.286) 

11.905*** 

(2.916) 

Firm fixed effects No Yes    

Year dummies Yes Yes Yes Yes Yes 

Observations 3,061 3,061 3,440 3,058 3,058 

R² 0.378 0.147 0.141 0.549 0.552 

Rank condition 

(p-value) 

  < 0.001   

First-stage residual     -0.291*** 

(0.103) 

Note: This table reports empirical results from estimating Eq. [13]. Specifically, column 1 reports the results obtained from 

the OLS method with clustering at the firm level. Column 2 presents the results obtained from the fixed-effects (within-

groups estimator) method. Finally, columns 3 to 5 present the results from the CF approach. 

Variables are defined in sub-section 3.2. 

Regressions in column 3 include time averages of the explanatory variables. Columns 4 and 5 include bootstrapped robust 

standard errors with 399 replications. Furthermore, regressions include time averages of the first-stage residuals. 

Robust standard errors are shown in parenthesis. 

The asterisks ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. 
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Table 4 

Results: ROA and Blau index 

 

Pooled OLS 
Fixed 

effects 

Control function 

 
First stage 

Second stage 

 Exogenous Endogenous 

 (6) (7) (8) (9) (10) 

F100   2.412*** 

(0.646) 

  

Lagged ROA 0.531*** 

(0.037) 

0.143** 

(0.034) 

 0.686*** 

(0.013) 

0.678*** 

(0.030) 

Blau index 2.334** 

(0.014) 

-2.567 

(2.090) 

 0.030*** 

(0.008) 

0.195*** 

(0.070) 

Firm size -0.594*** 

(0.142) 

-0.239 

(0.781) 

4.101*** 

(0.668) 

-0.420*** 

(0.082) 

-0.564*** 

(0.123) 

Leverage -0.065*** 

(0.011) 

-0.178*** 

(0.031) 

0.044 

(0.027) 

-0.040*** 

(0.005) 

-0.036***  

(0.008) 

R&D -0.065*** 

(0.011) 

-0.071*** 

(0.025) 

-0.032 

(0.022) 

-0.029*** 

(0.006) 

-0.034* 

(0.022) 

Firm growth 0.048*** 

(0.013) 

0.027* 

(0.015) 

-0.004 

(0.006) 

0.022*** 

(0.002) 

0.024* 

(0.016) 

Firm age 0.024* 

(0.013) 

3.608*** 

(0.898) 

3.759*** 

(1.300) 

0.199** 

(0.096) 

-0.116 

(0.184) 

Board indep. -0.013 

(0.013) 

0.027 

(0.023) 

0.152*** 

(0.036) 

-0.014 

(0.009) 

-0.046** 

(0.017) 

Board size 0.038 

(0.732) 

-0.832 

(1.205) 

1.690 

(2.059) 

0.331 

(0.536) 

-1.810** 

(0.933) 

Duality 0.024 

(0.258) 

0.106 

(0.523) 

0.177 

(0.415) 

0.060 

(0.188) 

0.005 

(0.195) 

Constant 9.781*** 

(2.017) 

0.410 

(6.867) 

-31.509*** 

(3.289) 

5.963*** 

(1.290) 

11.982*** 

(2.984) 

Firm fixed effects No Yes    

Year dummies Yes Yes Yes Yes Yes 

Observations 3,061 3,061 3,440 3,058 3,058 

R² 0.376 0.144 0.171 0.552 0.554 

Rank condition 

(p-value) 

  < 0.001   

First-stage residual     -0.206*** 

(0.071) 

Note: see Table 3 for explanation. 
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