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ABSTRACT 

Despite the association between the board of directors and firm performance having been examined 
extensively in the literature, empirical evidence on whether and how boards contribute to firms’ long-
term success is scarce. Using 14-year panel data of all Australian listed firms, this study examines the 
effects of board potential and board dynamics, the key factors of board effectiveness, on firms’ 
investment efficiency. We find strong evidence that both board potential and board dynamics are 
positively associated with firm investment efficiency. The findings support the view that both firms’ 
resources and internal processes that enable boards to mobilize those resources to resolve complex tasks 
are critical for a firm’s long-term success. 
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1. Introduction 

The influence of the board of directors on firm performance has been the primary focus of organizational 

behavioral research (Deutsch, 2005; Kouaib and Jarboui, 2016; Pham et al., 2011; Yilmaz and Mazzeo, 

2014). Various board characteristics have been examined and acknowledged as effective factors in 

creating value for shareholders. While this line of research facilitates discussion of the link between the 

board of directors and firm performance, with return on assets (ROA), return on equity (ROE), and 

Tobin’s Q being the measures that are generally used to represent short-term performance (Ararat et al., 

2015; Bhagat and Bolton, 2008; Kaczmarek et al., 2012; Masulis et al., 2012; Pham et al., 2011; Welch, 

2003), evidence on whether and how the board of directors contributes to firms’ long-term survival and 

prosperity is scarce.  

The shift toward examining the link between the board of directors and the firm’s long-term 

performance is more important than ever, following changes in regulations and market initiatives in 

recent years. In the United Kingdom, the Financial Reporting Council (FRC) published its new 

Corporate Governance Code in July 2018. The code stresses the role of directors to identify and explain 

factors that affect the long-term success and future viability of the company (FRC, 2018). In the United 

States, the S&P Dow Jones Indices’ Long-Term Value Creation Global Index, formed in 2016, measures 

stocks ranking not only on financial quality criteria but also on the ability of firms to survive in the long 

term (FCLT, 2016). In Australia, the Principles of Good Corporate Governance and Best Practice 

Recommendations was revised in 2014 to stress the role of boards in providing strategic advice for 

investment decision making, extending the focus of boards beyond the goal of maximizing shareholder 

value to the long-term survival and prosperity of the company (ASX, 2014). With increasing attention 

given to firms’ long-term success, investigating the relationship between the board of directors and firms’ 

long-term performance has never been more timely and relevant. This study, therefore, seeks to add to 

the limited evidence regarding this relationship in the Australian context by examining if board 

effectiveness contributes to firms’ investment efficiency, a key factor that affects firms’ long-term 

survival.  

We focus on firm investment efficiency for two reasons. First, firm investment efficiency measures 

the quality of firm investment decisions regarding resource allocation, which is critical to firm growth 
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and long-term prosperity. Compared to the commonly used firm performance measures, firm investment 

efficiency is a forward-looking measure of firm performance. Second, firm investment efficiency is the 

direct outcome of board effectiveness. Being responsible for firms strategic planning, effective boards 

not only influence firm investment efficiency through monitoring management and maintaining 

stakeholder relationships, but also work closely with management and directly participate in firm 

investment decision making (Pugliese et al., 2015).  

We look to the organizational behavioral literature that considers the board of directors as a team, 

and argue that board effectiveness is driven by how well resources can be integrated with a firm’s 

internal processes to produce positive organizational outcomes that are unique to that firm (Barroso et 

al., 2011; Macus, 2008). In the organizational behavioral literature, the resources that enable the board 

to resolve a variety of complex tasks competently are referred to as board potential while the internal 

processes and interactions among directors to integrate resources are referred to as board dynamics. In 

this study, we develop a composite measure of board potential and board dynamics by using two sets of 

board characteristics that represent the level of board potential and board dynamics respectively. 

Specifically, we examine if board potential and board dynamics drive board effectiveness toward 

investment efficiency.  

Using 14-year panel data of all the companies listed on the ASX, we find strong evidence that board 

potential and board dynamics, which form board effectiveness, are positively associated with firm 

investment efficiency. When we examine over- and under-investment separately, we find that board 

potential is more effective at reducing over-investment whereas board dynamics are more successful in 

avoiding under-investment. The findings are consistent with the organizational behavioral literature that 

firm performance is decided, in large measure, on how well boards can improve their effectiveness.   

The contribution of this study is three-fold. The first contribution is to theory. In examining the 

effects of board characteristics on firm performance, prior studies usually refer to a particular function 

of the board. Some studies refer to the monitoring role under agency theory, while others refer to the 

stewardship role that aligns the goals of the board and managers. Further, the role of the board as a 

resource provider in line with resource dependency theory is also used in some studies. While these 

studies provide interesting insights into board characteristics that tend to correlate with firm performance, 
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considering one role of the board at a time provides narrow views on the effects of boards on firm 

performance (Murphy and Mclntyre, 2007). To appreciate that boards can play several roles 

simultaneously, the present paper looks beyond a single theory and places more emphasis on the 

adequate configuration of board potential and board dynamics that are involved in board decision 

processes. We also suggest an approach to measure board potential and board dynamics. By focusing on 

the configuration of board potential and board dynamics, we provide a greater understanding of the 

collective functions of boards in firms’ investment decision making. The second contribution is 

empirical. This paper is distinctive in its focus on firms’ long-term survival and prosperity. Prior studies 

have provided rich evidence on how boards influence firms’ short-term performance (Christensen et al., 

2010; Kiel and Nicholson, 2003; Vafaei et al., 2015; Yermack, 1996). Yet, little is known about how 

board effectiveness enhances firms’ long-term financial success. This study fills this gap in the literature 

by providing a unique insight into how board effectiveness contributes to firms’ long-term performance, 

emphasizing the view that a forward-thinking perspective must be taken by boards to help firms develop 

in the long term. Finally, this paper contributes to the growing literature on firm investment efficiency 

where prior studies have linked it to financial reporting quality (Biddle et al., 2009), disclosure quality 

(Cheng et al., 2013), accounting conservatism (García Lara et al., 2016), auditors’ knowledge and 

resources (Bae et al., 2017), and managerial ability (García-Sánchez and García-Meca, 2018). To the 

best of our knowledge, this paper is the first to examine empirically the relationship between board 

effectiveness and firm investment efficiency. In particular, while García-Sánchez and García-Meca 

(2018) suggest that boards have an indirect moderating role on the association between managerial 

ability and investment efficiency, our study establishes that board effectiveness contributes to firm 

investment efficiency directly.  

The remainder of this paper is structured as follows. Section 2 introduces the theoretical framework 

applied in this study and presents the overarching proposition. Section 3 describes the data and research 

design. Section 4 presents the results as well as sensitivity tests. Section 5 concludes the paper.  
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2. Research development 

2.1. Theoretical framework 

The concept of board effectiveness has attracted considerable attention in accounting and finance 

literature (Petrovic, 2008). Board effectiveness is defined as the board’s ability to add value to a firm 

through fulfilling its roles (Aguilera, 2005; Nicholson and Kiel, 2004; Psaros, 2009; Pye and Pettigrew, 

2005). In the literature, three roles have been assigned to the board, and each of them is underlined by a 

different theoretical perspective (Bennett and Robson, 2004). First, agency theory posits that managers 

tend to behave opportunistically, thus stressing the monitoring role of the board to avoid such 

opportunistic behavior (Eisenhardt, 1989; Fama and Jensen, 1983; Jensen and Meckling, 1976). Second, 

stewardship theory posits that when the goals of the board and managers are aligned, people are 

motivated to do good and act unselfishly. Thus the role of the board is to support managers in their 

strategic activities (Donaldson, 1990; Donaldson and Davis, 1991; Muth and Donaldson, 1998). Third, 

resource dependency theory considers that resources are key to firm success and views the role of the 

board as a resource provider to the firm (Hillman et al., 2000; Pfeffer, 1972; Pfeffer and Salancik, 1978).  

Most of the extant literature focuses on one of these three roles and examines the link between 

board characteristics and firm performance. Despite the preponderance of these studies, a significant 

number of scholars believe that there is no clear distinction between these roles. In practice, the board 

can fulfil several roles simultaneously (Barroso et al., 2011; Hendry and Kiel, 2004; Macus, 2008). 

Consequently, multi-theoretic perspectives of boards that consider several board roles simultaneously 

are encouraged (Daily et al., 2003; Lynall et al., 2003).   

Macus (2008) proposes a theoretical model that combines various perspectives on board roles as 

well as board processes. He argues that board effectiveness depends on directors’ ability to integrate 

resources that can be used in order to respond and act competently in the face of various problems and 

challenges. Barroso et al. (2011) refine this concept by suggesting that board effectiveness is driven by 

two components, namely, board potential and board dynamics. In their work, board potential includes 

resources that enable the board to resolve a variety of complex tasks competently while board dynamics 

are the interactions among directors, and among directors and top management, which bring individual 
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directors’ problem-solving potential to bear on a particular task. The more intense the interactions among 

directors, the better the individual director’s knowledge, experience, and social relations can be used. 

Consistent with this line of research, we propose a model for our study as presented in Figure 1. 

We posit that board potential, as well as board dynamics, drive board effectiveness toward firm 

investment efficiency. Specifically, the former determines the board’s task-solving potential while the 

latter determines the extent to which board potential can be utilized for investment decision making. We, 

therefore, examine how board potential and board dynamics affect firm investment efficiency. Notably, 

board potential is valuable for board effectiveness (Barney, 1991). The distribution of directors’ potential 

with the unique board dynamics in each firm suggests that board effectiveness is heterogeneously 

distributed across firms. This heterogeneity implies that, first, boards may vary significantly on the level 

of board effectiveness; second, some board potential may be critical to certain firms but not to others; 

and finally, the investment efficiency equilibrium is different across firms (Barroso et al., 2011). 

<Insert Figure 1 here> 

2.2. Board effectiveness and firm investment efficiency 

To survive in the long term, firms must adopt a forward-thinking perspective, invest for their future, 

and promote innovation, prosperity, and productivity. Investment efficiency, therefore, is important. 

Efficient firm investment is conceptually defined as the situation in which a firm undertakes all available 

projects with positive net present value (NPV) under the scenario of no market friction (Biddle et al., 

2009). Accordingly, there are two types of inefficient firm investment situations, namely under-

investment and over-investment. Under-investment refers to the situation in which a firm passes up 

investment opportunities that would have a positive NPV; over-investment refers to the situation in 

which a firm invests in projects even if they have a negative NPV. Inefficient firm investments not only 

are detrimental to the market value of firms (McConnell and Muscarella, 1985) but also affect the 

economic well-being of society (Harris and Raviv, 1996). Thus, improving efficiency in firm investment 

is important in enhancing wealth at both firm and macro-economic level. Prior studies provide evidence 

that firm investment efficiency can be improved through exercising governance mechanisms (Chen and 

Chen, 2012), and improving financial reporting quality (Biddle et al., 2009) and the firm’s information 
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environment (Badertscher et al., 2013). However, there is little evidence of how board effectiveness 

enhances firm investment efficiency.  

A board may affect firm investment efficiency by being involved in different stages of the firm’s 

investment decision-making processes. For example, directors can exercise their influence in the early 

decision process through advising and consulting, to shape the preparation of capital investment 

proposals by management. At the end of the capital investment decision process, directors control the 

decisions by accepting, rejecting, or referring to management to modify the capital investment proposals. 

More importantly, as a continuous process of influence, boards develop the context for strategic debate, 

establish a methodology for strategy development, monitor strategy content, and control the conduct of 

management around strategy (McNulty and Pettigrew, 1999).  

Also, the resources brought by the board of directors to the firm can affect firm investment because 

directors can work with management to shape the best investment decisions using their knowledge and 

skills as well as their links to the external environment. For example, directors with wide professional 

and social relations will be better able to identify investment opportunities and initiate investment 

proposals, encourage investment even when the firm is subject to financial constraint, and hence limit 

under-investment (Chen, 2014). Directors’ extensive industry experience and functional expertise also 

enable them to make better decisions when choosing between investment alternatives, thus helping 

management to make better judgments (Huang et al., 2014).  

Based on these arguments, we postulate that board effectiveness can enhance firm investment 

efficiency and suggest the following proposition: 

Board potential and board dynamics are positively related to firm investment efficiency. 

2.3. Board potential 

Board potential includes resources that enable directors to deal with complex tasks. We use three 

board characteristics, namely multiple directorships, board knowledge diversity, and board tenure, to 

capture the level of board potential. Specifically, we argue that multiple directorships and board tenure 

improve board potential, whereas board knowledge diversity adversely affects board potential. 
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Multiple directorships refer to the situation in which a director holds more than one directorship. 

Directors who hold multiple directorships have better intelligence, experience, skills, and social links 

(Cook and Wang, 2011; Field et al., 2013). Well-connected directors can also facilitate access to financial 

resources outside the firm and thus reduce investment risks resulting from financial constraints (Hillman 

and Dalziel, 2003). Based on the above arguments, we expect that directors with multiple directorships 

can help firms to acquire essential resources and diminish uncertainty in investment activities for three 

reasons. First, membership of several boards simultaneously allows directors to observe investment 

decision-making processes and the consequences of those investment decisions, and thus enables them 

to develop a comprehensive view of strategic and management issues and to generate innovative 

alternatives and solutions (Carpenter and Westphal, 2001). Second, multiple directorships provide 

directors with timely information about environmental events and trends (Kor and Sundaramurthy, 

2009), as well as the viability and potential of alternative projects, thus lessening the impact of 

uncertainty in the investment environment. Finally, well-connected directors may facilitate access to 

financial resources outside the firm and thus reduce investment risks resulting from financial constraints 

(Hillman and Dalziel, 2003).  

In relation to board knowledge diversity, the presence and use of knowledge and skills enable the 

board to make better investment decisions (Chen, 2014; Huang et al., 2014). However, greater board 

knowledge diversity may not produce better investment decisions as a too functionally diversified board 

may suffer from “process losses,” that is, the interaction difficulties that prevent the board from 

achieving its full potential (Cannella Jr et al., 2008; Forbes and Milliken, 1999). The differences among 

board directors can slow down decision making (Baranchuk and Dybvig, 2009) and are often associated 

with dysfunctional conflict (Chatman and Flynn, 2001; Harrison et al., 2002; Putnam, 2007). Supporting 

this view, Gray and Nowland (2017) use Australian data and find that shareholders only benefit when 

boards limit their diversity to a subset of specialist business expertise.  

Board tenure also affects the level of board potential. Lengthy board tenure may positively affect 

firm investment efficiency in three ways. First, lengthy board tenure enables directors to acquire more 

firm-specific knowledge and skills (Forbes and Milliken, 1999). Successful investment decisions require 

directors to configure and leverage firm-specific knowledge effectively (Graves and Thomas, 2006). 

When board tenure increases, directors expand and improve their knowledge and experience by learning 
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(Wu et al., 2005), and therefore are able to evaluate better managers’ investment proposals and deny 

those that may impair shareholders’ value. Second, lengthy board tenure reflects a high level of board 

cohesiveness, which encourages knowledge sharing and motivates directors to get involved in group 

decision making, thus leading to an effective board (Forbes and Milliken, 1999). Investment efficiency 

is crucial to firms’ long-term survival and prosperity. A board environment in which directors are willing 

to share understanding and thus achieve consensus is necessary (Barkema and Shvyrkov, 2007). Third, 

lengthy board tenure is associated with stronger social and business networks, which may be conducive 

to investment decision making in terms of knowledge as well as capital generation (Chen, 2011; Ruzzier 

and Antoncic, 2007). Achieving investment efficiency requires directors to assess complex economic 

factors. The external networks of long-tenured directors may offer valuable business advice, assist in 

technical support, and aid in knowledge acquisition (Field et al., 2013).  

However, some scholars argue that lengthy board tenure is associated with negative effects that 

may be detrimental to firm investment efficiency (Argote and Greve, 2007; Barroso et al., 2011; Musteen 

et al., 2006). For instance, lengthy board tenure may indicate that directors operate on the basis of 

routines that are built up over time, which deteriorates firms’ ability to respond to environmental changes 

(Katz, 1982). Further, when directors serve too long on a board, their independent status may be 

compromised, which may lead to less effective monitoring (Vafeas, 2003). 

This study positions itself within the positive effects of lengthy board tenure, as we perceive that 

achieving investment efficiency is a complex task as well as a long-term commitment. Directors need 

to build firm-specific knowledge over a long period to understand the opportunities and challenges faced 

by the firm. In addition, their willingness to constantly develop an investment strategy, monitor strategy 

content, and evaluate investment projects is important to the success of investment decisions (Golden 

and Zajac, 2001; Kim et al., 2014). Consistent with these arguments, Golden and Zajac (2001) find that 

board tenure is positively associated with strategic change when average director tenure is less than 15 

years. Moreover, Kim et al. (2014) find that outside directors’ tenure is positively associated with firm 

acquisition investment. 

2.4. Board dynamics 

Board dynamics refers to how well resources can be integrated with a firm’s internal processes. 
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Board dynamics can be observed in various dimensions. These include board activity, board size, board 

independence, director shareholding, and gender diversity. Specifically, we argue that all these board 

characteristics can enable board dynamics to produce positive organizational outcomes that are unique 

to the firm.  

Board activity commonly refers to the frequency of board meetings, which are the formal occasions 

on which directors interact with other board members, exchange information and opinions, and make 

strategic decisions for the firm. Lipton and Lorsch (1992) argue that one common problem that restricts 

a board’s capability is the lack of time to fulfil its responsibilities. Boards that do not meet, or meet only 

rarely, are unlikely to make effective decisions (Kanagaretnam et al., 2007; Menon and Williams, 1994; 

Min and Verhoeven, 2013). Consistent with this view, Anderson et al. (2004) and Lorca et al. (2011) 

find that board meeting frequency is negatively associated with a firm’s cost of debt. Using Australian 

data, Christensen et al. (2010, 2015) find that board meeting frequency is positively associated with firm 

performance.  

In regard to board size, there are two major schools of thought regarding the relationship between 

board size and board effectiveness. One school asserts that large boards have a potential advantage in 

their advising role and have more access to resources (Boone et al., 2007; Goodstein et al., 1994; Kiel 

and Nicholson, 2003). The other school believes that small boards are quicker decision makers than 

large boards as they are easier to coordinate (Chancharat et al., 2012; Lipton and Lorsch, 1992). 

Taking a board dynamics perspective, we expect that large boards will enhance board dynamics 

and hence improve board effectiveness. This is because of the two advantages of larger boards when 

they are seen as groups working together to make decisions in an uncertain business environment 

(Bainbridge, 2002). First, members of the group share information and the pool of information can be 

used for group decision making. Larger boards naturally have more information input than smaller 

boards (Boone et al., 2007). Second, members of the group have discussions about the issues confronting 

them and larger boards will have more opinion-inputs to increase opportunities for one member to 

correct another member’s error (Nicholson et al., 2017). From our point of view, larger boards have 

access to better information to make a judgment when evaluating investment projects and hence are 

more likely to make the correct decision. Furthermore, more intensive discussion among the members 
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of larger boards may lead to a higher likelihood that bad projects will be rejected. Based on these 

arguments, we expect that larger boards possess better board dynamics that drive board effectiveness 

toward investment efficiency. 

Board independence, on the other hand, refers to the recommendation that the majority of the board 

of a listed entity should be independent directors. In this study, we argue that a board with more 

independent directors will shape board dynamics in two ways. First, the board with a greater proportion 

of independent directors is more likely to be heterogeneous in terms of directors’ backgrounds and thus 

more likely to deliver a broader range of perspectives and provide a wider variety of investment 

opportunities for board discussion (Kim et al., 2009). Second, we posit that the incorporation of more 

independent directors on the board may align the risk preference of managers with shareholders, thus 

ameliorating board dynamics and avoiding managerial conservatism that is a “silent killer” of risky but 

potential projects (Sundheim, 2013, pp. 5-6). Recent studies also find that outside directors encourage 

risky innovative projects (Balsmeier et al., 2017; Lu and Wang, 2017).  

Next, director shareholding is also considered to capture the level of board dynamics. Hillman et 

al. (2008) argue that directors’ identification with the firm, as both a director and a shareholder, affects 

their performance on the board. Holding shares in a firm for which directors serve is likely to weaken 

their identification with the director role and strengthen their identification with the shareholder role, 

leading investment strategies to be focused on long-term value creation and competitiveness rather than 

myopic financial performance. Consistent with this argument, Yermack (2004) shows that director 

shareholding has a positive impact on firm performance. Also, Bhagat and Bolton (2013) find that the 

dollar value of director stock ownership is positively related to operating performance. Moreover, firms 

with greater director shareholding are less likely to engage in value-destroying investments such as 

acquisitions. 

Finally, we consider board dynamics from a gender perspective. It has long been acknowledged in 

the psychological and management behavior literature that women act differently from men (Byrnes et 

al., 1999; Croson and Gneezy, 2009; Bacha and Azouzi, 2019). The differences in attitude between 

women and men imply that their performance as directors of a firm may vary. For example, women may 

bring a fresh perspective to complex issues which can help correct informational biases in strategy 
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formulation for firm investment (Faccio et al., 2016; Kim and Starks, 2016; Taylor and Wozniak, 2018). 

Compared to their male counterparts, female directors are more likely to take active roles on boards by 

showing participative leadership and collaborative skills (Green and Homroy, 2018; Virtanen, 2012). 

Empirical studies also find that female directors are more likely to ask questions (Bilimoria and Wheeler, 

2000), debate issues (Ingley and Van Der Walt, 2005), and generally hold their firms to higher ethical 

standards (Pan and Sparks, 2012). Consistent with this view, the literature shows that female directors 

bring positive effects to the board, such as reducing board conflict (Nielsen & Huse, 2010), and 

improving the level of public disclosure (Gul et al., 2011), earnings quality (Srinidhi et al., 2011), and 

firm performance (Terjesen et al., 2016). Based on these arguments, female directors, in our view, can 

inject new dynamics to the board and positively influence investment decisions. 

 

3. Empirical design 

3.1. Sample selection 

Our sample targets all the companies listed on the ASX and based in Australia in the period 2001–

2014. Banks and financial institutions, insurance, and real estate companies are excluded from the 

sample because their investment patterns are inherently different from those in other industries. We also 

exclude observations with missing values and observations in sectors with less than 20 observations per 

year. The final sample contains 6,020 observations, covering 867 companies from 2001–2014. Financial 

data are sourced from DatAnalysis, while corporate governance information is derived from SIRCA. 

Table 1 presents the sample selection procedure. 

<Insert Table 1 here> 

 

3.2. Empirical model 

We use multiple directorships, board knowledge diversity, and board tenure to construct a discrete 

composite measure for board potential, while we use board activity, board size, board independence, 
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director shareholding, and gender diversity to construct a discrete composite measure for board 

dynamics. Each of the eight board characteristics is measured per firm-year. Then each of these board 

characteristics is ranked into quintiles per industry and year. Those observations in the highest quintiles 

are given a score of 5, those in the second-highest quintile are given a score of 4, and so on, while those 

observations in the lowest quintiles are given a score of 1 (except board knowledge diversity which is 

reversed-scored so that observations in the lowest (highest) quintile are given a score of 5 (1)). The 

scores are summed over three (five) measures per firm-year for board potential (board dynamics) so that 

each firm could have received a score range from 3 to 15 (5 to 25) for board potential (board dynamics). 

We then regress abnormal investment on the composite measures of board potential (POTENTIAL) and 

board dynamics (DYNAMICS) as presented below:  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑡𝑡+1 =  𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃𝐴𝐴𝐴𝐴𝑃𝑃𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝐷𝐷𝐷𝐷𝐴𝐴𝐴𝐴𝐷𝐷𝐴𝐴𝐷𝐷𝐷𝐷𝑖𝑖,𝑡𝑡 + ∑𝛾𝛾𝑘𝑘𝐷𝐷𝑃𝑃𝐴𝐴𝑃𝑃𝐶𝐶𝑃𝑃𝑃𝑃𝑘𝑘,𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡+1   (1) 

where ABINV measures the level of abnormal investment; POTENTIAL refers to the levels of board 

potential; and DYNAMICS refers to the levels of board dynamics. CONTROL represents a set of control 

variables that may affect firm investment decisions. Definitions and measurement of all the variables 

are listed in Appendix 1.  

The level of abnormal investment (ABINV) represents the difference between the actual firm 

investment level and expected investment level. To calculate ABINV, we use the modified expected 

investment level model developed by Bae et al. (2017), in which an expected investment level is 

considered as a function of a firm’s investment opportunities, operating cash flow, and firm growth. The 

residual values from the model are a firm-specific proxy of investment efficiency (or inefficiency), 

denoted as abnormal investment. In the model, Tobin’s Q is used as the proxy for investment 

opportunities and asset growth rate is used to proxy for firm growth. The modified expected investment 

level model (Bae et al., 2017) is written as 

𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑡𝑡+1 =  𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑖𝑖,𝑡𝑡 × 𝑇𝑇𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡𝑖𝑖𝑄𝑄𝑄𝑄2𝑖𝑖,𝑡𝑡 + 𝛽𝛽3𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑖𝑖,𝑡𝑡 × 𝑇𝑇𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡𝑖𝑖𝑄𝑄𝑄𝑄3𝑖𝑖,𝑡𝑡 +
𝛽𝛽4𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑖𝑖,𝑡𝑡 × 𝑇𝑇𝑄𝑄𝑄𝑄𝑄𝑄𝑡𝑡𝑖𝑖𝑄𝑄𝑄𝑄4𝑖𝑖,𝑡𝑡 + 𝛽𝛽5𝐷𝐷𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡 + 𝛽𝛽6𝐺𝐺𝐶𝐶𝑃𝑃𝐺𝐺𝑃𝑃𝐺𝐺𝑖𝑖,𝑡𝑡 + 𝛽𝛽7𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡+1  (2) 

where INV is the total investment of a firm;5 TOBINQ is Tobin’s Q; Quartile2, Quartile3, and Quartile4 

are indicator variables that equal one if TOBINQ is in the second, third, and fourth quartiles of its sector-

year distribution respectively; CFO is operating cash flow; and GROWTH is asset growth rate.  
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Consistent with Bae et al. (2017), the primary dependent variable of the study is the absolute value 

of the abnormal investment (|ABINV|). We then split INV into over- (ABINV≥0) and under-investment 

(ABINV<0) to examine the impact of board effectiveness on each situation separately.  

We also control factors that previously have been demonstrated as associated with firm investment 

efficiency (Bae et al., 2017; Biddle et al., 2009; Kadapakkam et al., 1998; Shleifer and Vishny, 1997). 

These include substantial institutional shareholder ownership (SUBSHA), financial reporting quality 

(FRQ), tangibility (TANGI), operating cash flow volatility (VOL_OCF), sales volatility (VOL_S), loss 

frequency (LOSS), operation cycle (CYCLE), firm size (FSIZE), bankruptcy risk (Z_SC), investment 

volatility (VOL_INV), leverage (LEV), and cash (CASH).  

 

4. Results  

4.1. Descriptive statistics 

The descriptive statistics are presented in Table 2. The mean (median) of abnormal investment 

(ABINV) across all firm-years is –0.001 (–0.011), indicating that the overall investment pattern is a slight 

under-investment. In relation to board characteristics that are used to measure board potential and board 

dynamics, Table 2 shows that our sample firms have an average (median) board size of 5.9 (six) members. 

The largest board has 13 members, while the smallest board has three members. On average, 

independent directors comprise 56.6% (median 60%) of boards. However, despite the ASX 

recommendation of a majority of independent directors, more than 25% of the sample firms have less 

than 50% independent directors (25% percentile = 40%). The boards of the sample firms have an average 

of 2.778 (median = 3) different types of expertise. Each year, they hold 9.56 board meetings on average 

(median = 9.17). As shown by the data, multiple directorships are common in Australia. On average, 

each director in the sample holds 1.23 outside directorships (median = 1.14). On boards with the most 

multiple directorships, each director has 3.67 outside directorships. The boards have an average board 

tenure of 6.59 (median = 5.81) years, while the longest board tenure is 18.37 years and the shortest is 

1.09 years. The sample firms have an average director shareholding of 15.2% (median = 7.1%). 

Representation of female directors on the boards of the sample firms is also uncommon, with average 
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female director representation of only 4.4%. Less than 25% of firms have female directors on their 

boards (75% percentile = 0).     

When we construct a discrete composite measure for board potential with a maximum value of 15 

and a minimum value of three, Table 2 shows that our sample firms have an average score of 9 indicating 

that the level of board potential is medium. Similarly, a discrete composite measure for board dynamics 

is also constructed with a maximum value of 25 and a minimum value of five. We find that the average 

score for board dynamics is 13 suggesting that the level of board dynamics is medium to low. The low 

level of board dynamics could be attributable to the low representation of female directors on the boards, 

infrequent board meetings, and the substantial portion of sample firms that have less than 50% of 

independent directors. Knowing the levels of board potential and board dynamics is important because 

they are the keys to board effectiveness. When the level of one of these components is low or not up to 

the optimal level, the board’s ability to create values will be constrained.    

In addition, we also calculate variance inflation factors (VIFs) and note that the VIFs for all the 

variables are lower than three, and the mean VIF is 1.4. This test rules out the multicollinearity concern 

in our data analysis. 

  <Insert Table 2 here> 

 

4.2. Multivariate analysis 

4.2.1. Results of regression analysis 

Table 3 presents the results of the regression of firm abnormal investment on board potential and 

board dynamics. Consistent with our expectations, POTENTIAL is negatively associated with abnormal 

investment at the 5% significance level, supporting the view that boards with higher potential can 

produce higher firm investment efficiency. When we examine over- and under-investment separately, 

the results show that board potential is negatively associated with over-investment (for ABINV≥0, β1 = 

0.003) but not associated with under-investment (for ABINV<0, β1 = 0.000), indicating that the main 

result is driven by the role of board potential in constraining excessive firm investment. 
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The effects of board dynamics on investment efficiency are shown in the coefficient of DYNAMICS 

(i.e., β2). Consistent with board potential, board dynamics are also found to be negatively associated 

with abnormal investment at the 1% significance level. However, instead of constraining excessive firm 

investment, board dynamics play more roles in preventing under-investment. We find that firms exhibit 

lower negative abnormal investment when board dynamics are higher (for ABINV<0, β1 = 0.001). We 

control for industry and year fixed effects in all regressions. Overall, the findings provide empirical 

evidence supporting our proposition that board potential and board dynamics drive board effectiveness 

toward firm investment efficiency. 

        <Insert Table 3 here> 

 

Prior studies in the corporate finance literature report a nonlinear relationship between board 

characteristics and firm performance (Coles et al., 2008; Jiraporn et al., 2009; Walters et al., 2007). To 

examine if board potential and board dynamics also have nonlinear effects on investment efficiency, we 

include the squared terms of POTENTIAL and DYNAMICS in the regression to see if their coefficients 

are statistically significant. Results are presented in Table 4. Consistent with the main findings, both 

board potential and board dynamics are negatively associated with abnormal investment. However, their 

squared terms, SQ_POTENTIAL and SQ_DYNAMICS, are not statistically significant suggesting that a 

nonlinear relationship does not exist. Overall, our findings suggest that the effects of board potential and 

board dynamics on investment efficiency are positive and linear. 

        <Insert Table 4 here> 

 

4.2.2. Robustness checks 

We perform two sensitivity tests to assess the validity of our findings. In the first test, we re-examine 

regression results after dropping data in 2008 to exclude the potential impact of the global financial 

crisis on firm investment efficiency. Consistent with the main findings, Panel A of Table 5 shows that 

both board potential and board dynamics are linked to firm investment efficiency.  

In the second test, we use two alternative measurements of firm abnormal investment to see if the 

main results still hold. The first alternative measure is the original expected investment level model 
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developed by McNichols and Stubben (2008) to calculate investment efficiency. 

The model is presented as follows:  

𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑡𝑡+1 =  𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑖𝑖,𝑡𝑡 + 𝛽𝛽2𝐷𝐷𝐶𝐶𝑃𝑃𝑖𝑖,𝑡𝑡 + 𝜀𝜀   (3) 

where INV is the total investment of a firm; TOBINQ is Tobin’s Q; and CFO is operating cash flow. The 

residuals of the regression are used as the value of variable ABINV. As shown in Panel B of Table 5, the 

results are consistent with the main test results. Both board potential and board dynamics are negatively 

associated with abnormal investment, suggesting that board potential and board dynamics contribute to 

a firm’s long-term success. 

Another alternative measure of abnormal investment is to use balance sheet items to construct the 

measure. Under the balance sheet approach, total investment is defined as the net change in net PPE 

scaled by total assets. We then re-generate variable ABINV and rerun the regressions. The results shown 

in Panel C of Table 5 are largely consistent with the main test results. Overall, the robustness tests 

confirm that the findings of this study are robust and not sensitive to different measurements of firm 

abnormal investment. 

        <Insert Table 5 here> 

 

4.2.3. Endogeneity issue 

The ordinary least squares (OLS) regressions used in the main test assume that board attributes are 

exogenous. Yet, it is possible that a firm’s long-term success could reversely influence board structure 

and thus board effectiveness. Therefore, we use the generalized method of moments (GMM) to address 

the potential endogeneity issue. The GMM method is used following Cheng et al. (2012) and Ng (2005) 

who argue that compared to the two-stage least squares (2SLS) approach, the GMM is better because it 

does not require information of the exact distribution of the disturbances and it is robust to 

heteroskedasticity and/or autocorrelation of unknown form.  

The following system of simultaneous equations is estimated: 
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ABINVi, t+1 = β0 + Σβj BAj,i,t + Σ𝛾𝛾𝑘𝑘Controlk,i,t + ɛi,t+1                                         (4) 

MULTIi, t = β0 + β1 ABINVi,t + β2 SIZEi,t + β3 INDEi,t + β4 FSIZEi,t + β2 LEVi,t + ɛit                 (5) 

KNOWi, t = β0 + β1 ABINVi,t + β2 MULTIi,t + β3 SIZEi,t + β4 INDEi,t + β5 FSIZEi,t + β6 LEVi,t + ɛit      (6) 

TENUi, t = β0 + β1 ABINVi,t + β2 SIZEi,t + β3 INDEi,t + β4 DIRSHAi,t + β5 FSIZEi,t + β6 F_AGEi,t  

    + β7 LEVi,t + ɛit                                                               (7) 

MEETi, t = β0 + β1 ABINVi,t + β2 MULTIi,t + β3 SIZEi,t + β4 INDEi,t + β5 DIRSHAi,t + β6 SUBSHAi,t  

        + β7 FSIZEi,t + β8 LEVi,t + ɛit                                                    (8) 

SIZEi, t = β0 + β1 ABINVi,t + β2 KNOWi,t + β3 INDEi,t + β4 FSIZEi,t + β5 F_AGEi,t + β6 LEVi,t + ɛit      (9) 

INDEi, t = β0 + β1 ABINVi,t + β2 SIZEi,t + β3 DIRSHAi,t + β4 GENDERi,t + β5 FRQi,t + β6 FSIZEi,t  

        + β7 LOSSi,t + β8 LEVi,t + ɛit                                                     (10) 

DIRSHAi, t = β0 + β1 ABINVi,t + β2 TENUi,t + β3 SIZEi,t + β4 INDEi,t + β5 FRQi,t + β6 FSIZEi,t  

  + β7 F_AGEi,t + β8 LOSSi,t + β9 LEVi,t + ɛit                                       (11) 

GENDERi, t = β0 + β1 ABINVi,t + β2 SIZEi,t + β3 INDEi,t + β4 FSIZEi,t + β5 LEVi,t + ɛit                (12) 

In Eq. (4), abnormal investment is expressed as a function of the same variables that are used to 

measure board potential and board dynamics in Eq. (1). From Eq. (5) to Eq. (12), we assume each of the 

board attributes is interrelated with firms’ long-term success and control for variables that may affect 

the board attribute. The results presented in Table 6 show that board size is interrelated with board 

knowledge diversity and board independence as suggested by prior literature (Gray and Nowland, 2017; 

Ng, 2005) while board independence is interrelated with director shareholding and gender diversity. 

These results support the view that firms that have substantial director shareholding are less likely to 

appoint independent directors, and high independent boards are willing to appoint more female directors. 
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More importantly, the results show that firm investment efficiency is affected by board attributes that 

form board potential and board dynamics but not vice versa. These indicate that the results found in the 

main test are robust. 

[Insert Table 6 here] 

5. Conclusion 

Despite the fact that the association between the board of directors and firm performance has been 

examined extensively, evidence on whether boards influence firms’ long-term survival is relatively 

scarce. Using Australian data, this paper provides new evidence on the link between board effectiveness 

and firm investment efficiency, thereby contributing to the organizational behavioral literature by 

emphasizing how board potential and board dynamics drive board effectiveness toward firm investment 

efficiency.  

The findings of this study confirm that boards play an important role in firms’ investment decision 

making. Board effectiveness is a function of board potential and board dynamics (Macus, 2008). While 

the knowledge, experience, and social networks that directors bring to the firm reflect the potential of 

boards to solve problems, the internal processes of how boards enable the resources to be used 

effectively are critical for the boards to produce positive organizational outcomes. Our results show that 

both board potential and board dynamics are associated with firm investment efficiency. In particular, 

factors such as frequent board activities, bigger boards, more independent directors, inside directors with 

“skin in the game,” and more gender diversity enable boards to mobilize resources such as long-serving 

member directors with sufficient time and knowledge. As a result, boards are capable of making 

decisions that result in firm investment efficiency. 

The results of the study have practical implications for firms. Our results show that both board 

potential and board dynamics contribute to board effectiveness and, in turn, improve the outcomes of 

board decisions. Therefore, when selecting board members and designing the structure of the board, not 

only do the resources brought by directors need to be considered, but how the factors that enable board 

dynamics can also be mobilized to enhance boards’ capability in relation to firm investment efficiency. 

Further, our results show that the level of board dynamics in Australia is relatively low. The Chair and 
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other members of a board may need to consider how they can enhance board dynamics when working 

together, such as promoting participation and engagement in board meetings, broadening the channels 

of information exchange, and encouraging different perspectives and opinions.   

We recognize that the results in this work are subject to some limitations and therefore suggest 

directions for future research. First, there may be some other board characteristics that can enhance 

board potential and enable board dynamics. Future studies can investigate other board characteristics 

and thus enrich the literature. Second, this study investigates board effectiveness in firm investment 

decision making based on Australian data only. Future research may extend the research topic to other 

countries or investigate the same question in an international setting.   
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Fig. 1. 

Theoretical model. 
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 Table 1 

 Sample selection.  

ASX listed firms 2001–2014  No. of firms  No. of observations 

Firms with necessary financial data 1760 11461 

Less: firms with no directors' data (807) (4700) 

Less: financial institutions (54) (627) 
Less: firms with less than 20 sector-year 
observations (32) (114) 

Final sample 867 6020 
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Table 2  

Descriptive statistics. 

Variable N Mean Std.dev. p25 Median p75 

ABINV    6020  -0.001 0.137 -0.053 -0.011 0.027 

|ABINV|    6020  0.081 0.111 0.017 0.041 0.095 

POTENTIAL 6020 9.524 2.462 8.000 10.000 11.000 

DYNAMICS 6020 13.211 3.345 11.000 13.000 15.000 

MULTI    6020  1.229 0.894 0.500 1.140 1.830 

KNOW    6020  2.778 1.030 2.000 3.000 3.000 

TENU    6020  6.586 3.777 3.770 5.810 8.570 

MEET    6020  9.559 4.094 6.600 9.170 12.000 

SIZE    6020  5.859 2.148 4.000 6.000 7.000 

INDE    6020  0.566 0.228 0.400 0.600 0.750 

DIRSHA    6020  0.152 0.189 0.012 0.071 0.227 

GENDER    6020  0.044 0.084 0.000 0.000 0.000 

FRQ    6020  -0.115 0.137 -0.131 -0.068 -0.037 

SUBSHA    6020  0.324 0.226 0.145 0.295 0.469 

FSIZE    6020  18.086 2.165 16.492 17.901 19.488 

Z_SC    6020  8.674 28.018 1.643 4.101 9.079 

TANGI    6020  0.216 0.231 0.024 0.115 0.364 

VOL_OCF    6020  0.104 0.114 0.034 0.064 0.126 

VOL_S    6020  0.288 0.332 0.070 0.178 0.379 

F_AGE    6020  18.602 11.724 10.000 16.000 23.000 

CYCLE    6020  4.570 1.150 4.007 4.542 5.079 

LOSS    6020  0.488 0.500 0.000 0.000 1.000 

LEV    6020  0.385 0.326 0.137 0.360 0.542 

CASH    6020  0.196 0.226 0.036 0.103 0.272 

VOL_INV    6020  0.155 0.316 0.019 0.052 0.145 
a. Variable definitions are provided in Appendix A.  
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Table 3  

The effects of board potential and board dynamics on firm investment efficiency. 

 (a) |ABINV| (b) ABINV≥0 (c) ABINV<0 

Variable 
Exp.  
sign Coefficient Exp. 

sign Coefficient Exp. 
sign Coefficient 

POTENTIAL - -0.001** - -0.003** + -0.000 
DYNAMICS - -0.002*** - -0.002 + 0.001*** 
FRQ  -0.020  -0.008  0.009 
SUBSHA   -0.017**  -0.034**  -0.001 
FSIZE  0.000  -0.004*  -0.001 
Z_SC   0.000  -0.001***  -0.000*** 
TANGI  0.019***  0.037**  0.011** 
VOL_OCF   0.018  -0.009  -0.044*** 
VOL_S  -0.016***  -0.039***  0.004 
F_AGE   -0.000**  -0.001**  -0.000 
CYCLE  -0.000  0.001  0.002* 
LOSS   0.007*  0.005  -0.007** 
LEV  0.027***  0.034**  -0.037*** 
CASH   0.083***  0.139***  -0.037*** 
VOL_INV  0.030***  0.032***  -0.005 
INTERCEPT   0.040**  0.144***  -0.001 
N   6020  2144       3876 
Adj. R-squared (%)   21.2  21.4     33.5 
Year fixed effect  Yes  Yes       Yes 
Industry fixed effect  Yes  Yes       Yes 
p-value   0.000  0.000        0.000 

a. Variable definitions are provided in Appendix A.  
b. Columns (a), (b), and (c) report regression results when the dependent variable is (a) the absolute value of firm 

abnormal investment |ABINV|; (b) the original value of firm abnormal investment while ABINV≥0; and (c) the 
original value of firm abnormal investment while ABINV<0.  

c. *, **, and *** represent significance levels of 0.10, 0.05, and 0.01, respectively. 
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Table 4  

The nonlinear effects of board potential and board dynamics on firm investment efficiency. 

 (a) |ABINV| (b) ABINV≥0 (c) ABINV<0 

Variable Exp. 
sign 

Coefficient Exp. 
sign 

Coefficient Exp. 
sign 

Coefficient 

POTENTIAL - -0.001** - -0.003** + 0.001 
SQ_POTENTIAL ? -0.000 ? -0.000 ? -0.000 
DYNAMICS - -0.002*** - -0.003 + 0.001*** 
SQ_DYNAMICS ? -0.000 ? 0.001 ? 0.000 
       
N 6020 2144 3876 
Adj. R-squared (%) 21.2 21.3 33.5 
Year fixed effect Yes Yes Yes 
Industry fixed effect Yes Yes Yes 
p-value 0.000 0.000 0.000 

a. Variable definitions are provided in Appendix A.  
b. Columns (a), (b), and (c) report regression results when the dependent variable is (a) the absolute value of firm 

abnormal investment |ABINV|; (b) the original value of firm abnormal investment while ABINV≥0; and (c) 
the original value of firm abnormal investment while ABINV<0.  

c. For the sake of brevity, only results for the independent variables are presented. 
d. *, **, and *** represent significance levels of 0.10, 0.05, and 0.01, respectively. 
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Table 5 

Alternative measures of investment efficiency. 

Panel A: Regression results excluding year 2008 
 (a) |ABINV| (b) ABINV≥0 

 
(c) ABINV<0 

Variable Exp. 
sign 

Coefficient Exp. 
sign 

Coefficient Exp. 
sign 

Coefficient 

POTENTIAL - -0.002** - -0.003** + 0.000 
DYNAMICS - -0.002*** - -0.002 + 0.001*** 
       
N 5567 1969 3598 
Adj. R-squared (%) 21.3 21.2 34.1 
Year fixed effect Yes Yes Yes 
Industry fixed effect Yes Yes Yes 
p-value 0.000 0.000 0.000 
Panel B: The original expected investment level model (McNichols and Stubben, 2008) 
POTENTIAL - -0.002** - -0.002** + 0.001 
DYNAMICS - -0.002*** - -0.001 + 0.002*** 
       
N 6020 2485 3535 
Adj. R-squared (%) 21.0 16.5 16.5 
Year fixed effect Yes Yes Yes 
Industry fixed effect Yes Yes Yes 
p-value 0.000 0.000 0.000 
Panel C: The balance sheet approach to measure total investment 
POTENTIAL - -0.002*** - -0.004*** + 0.001 
DYNAMICS - 0.002*** - -0.003*** + 0.001* 
       
N 6020 2447 3573 
Adj. R-squared (%) 16.5 16.5 16.5 
Year fixed effect Yes Yes Yes 
Industry fixed effect Yes Yes Yes 
p-value 0.000 0.000 0.000 

a. Variable definitions are provided in Appendix A.  
b. Columns (a), (b), and (c) report regression results when the dependent variable is (a) the absolute value of firm 

abnormal investment |ABINV|; (b) the original value of firm abnormal investment while ABINV≥0; and (c) 
the original value of firm abnormal investment while ABINV<0.  

c. For the sake of brevity, only results for the independent variables are presented. 
d. *, **, and *** represent significance levels of 0.10, 0.05, and 0.01, respectively. 
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Table 6  

Simultaneous equation estimation. 
 Eq. (4) Eq. (5) Eq. (6) Eq. (7) Eq. (8) Eq. (9) Eq. (10) Eq. (11) Eq. (12) 
Variable ABINV MULTI KNOW TENU MEET SIZE INDE DIRSHA GENDER 
ABINV  -0.032 0.047 -0.093 -0.079 -0.063 -0.0592 -0.049 -0.001 
MULTI -0.003  -0.013  0.047     
KNOW 0.007***     0.907***    
TENU -0.002***       0.018***  
MEET -0.001***         
SIZE -0.008*** -0.013** 0.296*** -0.568*** -0.243***  0.011*** 0.008 0.005*** 
INDE -0.045*** 0.369*** 0.130** -0.028 1.731*** 0.713***  -0.282*** 0.044*** 
DIRSHA -0.039***   7.820*** -1.426***  -0.454***   
GENDER 0.017**      0.308***   
FRQ -0.013      0.058*** 0.004  
SUBSHA -0.015**    0.092     
FSIZE 0.004*** 0.142*** -0.079*** 0.537*** 0.401*** 0.461*** 0.004** -0.023*** 0.006*** 
Z_SC 0.000         
TANGI 0.018***         
VOL_OCF 0.017         
VOL_S -0.015***         
F_AGE -0.000   0.058***  0.004**  -0.001***  
CYCLE -0.000         
LOSS 0.005        -0.027*** -0.037***  
LEV 0.031*** 0.093*** -0.173*** -0.034 0.718*** 0.589*** 0.054*** 0.002 -0.010*** 
CASH 0.080***         
VOL_INV 0.028***         
INTERCEPT 0.071** -1.545*** 1.594*** -2.050*** 2.419*** -4.773*** 0.625*** 0.727*** -0.119*** 
          
          
N 6020 6020 6020 6020 6020 6020 6020 6020 6020 
Adj. R-squared (%) 21.0 16.7 14.1 16.6 9.40 39.9 13.2 17.0 14.1 

a. Variable definitions are provided in Appendix A.  
b. Industry and year fixed effects are controlled.  
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c. *, **, and *** represent significance levels of 0.10, 0.05, and 0.01, respectively.  
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Appendix A  

Variable definitions. 

Variable Description Measurement 

Dependent variables 

|ABINV| Overall abnormal investment Absolute value of residuals of expected investment level model 
ABINV≥0 Over-investment Residuals of expected investment level model (positive only) 
ABINV<0 Under-investment Residuals of expected investment level model (negative only) 
Independent variables 
POTENTIAL Board potential Composite measure of board potential using multiple directorships, board knowledge diversity, 

and board tenure 
DYNAMICS Board dynamics Composite measure of board dynamics using multiple board activities, board size, board 

independence, director shareholdings, and gender diversity 
SQ_POTENTIAL Squared term of board potential Squared term of board potential (i.e., POTENTIAL * POTENTIAL) 

SQ_DYNAMICS Squared term of board dynamics Squared term of board dynamics (i.e., DYNAMICS * DYNAMICS) 

POTENTIAL_Q1~Q4 Quintile dummies of board 
potential 

Observations that receive highest scores in board potential are assigned to quintile 5 while those 
that receive lowest scores are assigned to quintile 1. Observations are ranked into quintiles per 
industry and year 

DYNAMICS_Q1~Q4 Quintile dummies of board 
dynamics 

Observations that receive highest scores in board dynamics are assigned to quintile 5 while 
those that receive lowest scores are assigned to quintile 1. Observations are ranked into quintiles 
per industry and year 

MULTI Multiple directorships Number of additional board positions held by directors, scaled by board size 

 
KNOW 

Board knowledge diversity Number of different areas of expertise on the board 

TENU Board tenure Average tenure of all directors on the board 
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MEET Board activities Number of board meetings in a year  

SIZE Board size Number of directors on the board 

INDE Board independence Proportion of independent directors on the board  

DIRSHA Director shareholdings Proportion of shares owned by directors on the board 

Variables for expected investment model 

INV Total investment Net cash flow in purchasing plant, property, and equipment (PPE) scaled by total assets 
TOBINQ Tobin's Q The sum of market capital and total liabilities divided by total assets 
CFO Operating cash flow Operating cash flow 
GROWTH Asset growth rate Natural log of result of total assets at the end of year t divided by total assets at the end of year 

t–1 

Control variables 

FRQ Discretional accruals (Dechow 
and Dichev, 2002) 

Standard deviation of residuals of regression ∆WCt on CFOt, CFOt-1, CFOt+1, ∆Salest, and Net 
PPE for year t-5 to t-1, scaled by total assets 

SUBSHA Substantial institutional 
ownership 

The percentage of total shares held by substantial institutional shareholders who hold more 
than 5% of the outstanding ordinary shares of a firm 

FSIZE Firm size The natural logarithm of total market capital 
Z_SC Bankruptcy risk (Altman, 1968) Z-Score = 1.2A + 1.4B + 3.3C + 0.6D + 1.0E  

A = working capital/total assets;  
B = retained earnings/total assets;  
C = earnings before interest and tax/total assets;  
D = market value of equity/total liabilities;  
E = sales/total assets  
Working capital = current assets – current liabilities 

TANGI Tangibility Net PPE divided by total assets 
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VOL_OCF Operation cash flow volatility Standard deviation of net operating cash flow for year t–1 to t–5, scaled by average total assets 
VOL_S Sales volatility Standard deviation of sales for year t–1 to t–5, scaled by average total assets 
F_AGE Firm age Difference between balance date and list date in years 
CYCLE Length of operating cycle Natural logarithm of sum of inventory turnover days and accounts receivable turnover days 
LOSS Frequency of losses Dummy variable that equals one if net income before extraordinary is negative and zero 

otherwise 
LEV Leverage Total liabilities divided by total assets 
CASH Cash on hand Ratio of cash to total assets 
VOL_INV Investment volatility Standard deviation of INVEST for year t–1 to t–5 
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