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Abstract:
Purpose: The purpose of the study is to investigate the association between board gender diversity and narrative disclosure tone (NDT) and the moderating role of firms with more experienced board members and firms with extended board tenure in this association.
[bookmark: _Hlk162021026]Design/Methodology/Approach: This study employs ordinary least squares (OLS) regression techniques to estimate the regression models. The results are based on a sample of 1794 firm-year observations from 2010 to 2018 in the UK context. The study’s results are robust after mitigating endogeneity problems using propensity score matching (PSM), entropy balance matching, and instrumental variables analysis.
[bookmark: _Hlk156311046][bookmark: _Hlk156311331][bookmark: _Hlk156311691]Findings: The findings of this study indicate that board gender diversity is positively associated with the NDT which suggests that firms with higher levels of board gender diversity have greater levels of net optimistic tone in their narrative disclosure. Further analyses reveal that the positive association is more pronounced for firms with more experienced board members but less pronounced for firms with extended board tenure. Additional analyses also provide robust empirical evidence that firms with higher levels of board gender diversity have a positive impact on executive directors' NDT. Moreover, the positive link is stronger for firms that have board members with more experience, but it is weaker for firms that have board members with longer tenure. 
Originality: Our study’s findings have significant implications for capital market participants, managers, policymakers, academics, and practitioners worldwide in understanding the implications of narrative disclosures in capital markets.
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1. Introduction 
This study aims to examine the association between board gender diversity (BD) and narrative disclosure tone (NDT) in the UK context. Given that over 70% of annual reports comprise narrative reporting (Li, 2010), it is worth investigating the key factors that drive narrative reporting styles, such as NDT. The transmission of information from managers to external users is significantly influenced by narratives (Loughran & McDonald, 2016). Previous studies have established that narratives, when presented alongside financial statements, provide credible information that influences market reactions and corporate outcomes (e.g., Davis & Tama-Sweet, 2012; Henry, 2008; Huang et al., 2014). These studies argue that narratives have the capacity to address various aspects not covered in financial statements, including corporate strategies, future plans, and environmental practices. Prior studies in financial reporting have examined different types of narrative reporting such as risk disclosure, forward-looking disclosure, and Corporate Social Responsibility (CSR) disclosure (e.g., Elshandidy et al., 2015; Hussainey et al., 2003). However, it is important to investigate not only the information content of narrative reporting but also how this information is presented to external users (Bassyouny et al., 2020). Therefore, this study focuses on NDT as one significant characteristic of narrative reporting. 
The tone in narrative reporting pertains to the linguistic manner in which information is presented to external users, whether it is positive or negative (Henry & Leone, 2016). The majority of studies on NDT have focused on exploring the consequences of tone and its impact on market reactions, stock volatility, and firm performance (e.g., Davis & Tama-Sweet, 2012; Henry, 2008; Yekini et al., 2016). These studies show that NDT has a significant impact on firms’ outcomes, however, we know less about the determinants of NDT in the financial reporting literature. Thus, we are inspired to broaden this field of literature by concentrating on an important element that might influence NDT, specifically board gender diversity. Given that NDT significantly influences firms' financial outcomes, investigating the factors’ driving NDT is essential for enhancing understanding in the financial reporting literature. Previous researchers have explored firm-financial characteristics as factors influencing NDT (e.g., Iatridis, 2016; Li, 2010). However, in the current study, we shift the focus from firm-financial characteristics to the corporate governance attribute named Board Gender Diversity (BD). 
Recent studies have started investigating the effect of corporate governance and board gender diversity on narrative reporting styles, such as tone and readability (for example, Albitar et al., 2023; Ben-Amar et al., 2024; Martikainen et al., 2023; Mather et al., 2021). They found that board gender diversity has a significant impact on NDT and improves the readability of narratives. While these bodies of work enhance our understanding of the determinants of NDT in the accounting literature, our study aims to extend their work in different aspects. First, we employ the critical mass theory perspective to investigate the effect of board gender diversity on NDT. Second, we use the UK context to investigate this relationship, as we argue that the UK, following the principle-based approach, will be a great opportunity to investigate NDT as the principle-based approach has more flexibility compared with the rule-based approach. Finally, we investigate how different board characteristics, such as board tenure and age, can moderate the relationship between board gender diversity and NDT.  
Since the boards of directors bear the ultimate responsibility for supervising the financial reporting processes managed by the managers (Bamber et al., 2010), the tone of narrative reports may exhibit substantial variations based on the gender diversity of the board. The current body of literature on BD indicates that the inclusion of female directors incorporates diverse perspectives, experiences, and networks into the boardroom (Poletti-Hughes & Briano-Turrent, 2019; Zhou et al., 2019). This, in turn, fosters more profound and comprehensive discussions, ultimately enhancing the effective fulfilment of board responsibilities (Loyd et al., 2013; Nadeem, 2022). Prior research has determined that having women directors on corporate boards holds significant value in terms of global value relevance for companies (Cumming et al., 2015; Nadeem, 2022). Similarly, prior studies have identified a correlation between female representation on boards and improved firm performance, stock returns, and overall better financial outcomes (Gul et al., 2011; Loyd et al., 2013). Given the association between positive tone and favourable firm outcomes, as discussed above, we posit that board gender diversity is positively linked to the positive nature of annual report narratives.
Several countries across the world have introduced new corporate governance rules to enhance the participation of female directors on the board (Joecks et al., 2013). For example, Norway was the first nation to enact a rule requiring public limited companies in 2003 to have at least 40% female representation on the boards followed by Spain, the Netherlands, and France (Adams & Ferreira, 2009; Ahern & Dittmar, 2012; Bøhren & Strøm, 2010; Holst & Schimeta, 2011). Consistent with this notion, following the European Union (EU) directive of 2022, 40% female participation on large corporate boards will be required in all EU member states to achieve board gender diversity and what has been referred to as a "Critical Mass” (Joecks et al., 2013). Similarly, the UK listed companies aim to achieve 40% female involvement on corporate boards (Financial Conduct Authority (FCA), 2022). Therefore, we rely on the Critical Mass Theory to explain our interpretation. The critical mass theory argues that a specific threshold, referred to as 'Critical Mass,' of women within a group is essential to unlock the full potential of their contribution to the board. Thus, boards with a critical mass ranging from 20% to 40%, termed tilted groups, are anticipated to outperform both uniform and skewed groups (Joecks et al., 2013; Kanter, 1977). Therefore, according to the critical mass theory proposed by Kanter (1977), achieving a critical mass of females creates an environment conducive to leveraging women's unique competencies and perspectives. Following Dobija et al. (2022) and Kanter (1977), we contend that the critical mass lies between 10% and 40% of female representation within boards. The critical mass theory on board gender diversity affects board dynamics and decision-making processes by emphasising that a minimum number of women on boards is necessary to shift their role from symbolic representation to active participation (Kanter, 1977). This theory suggests that when female board members reach a certain threshold, it can significantly transform boardroom dynamics and decision-making quality. In particular, according to the theory, women are more likely to contribute actively when they have enough representation than when they have a lower percentage on the board. This will improve the board's dynamic and provide a more effective, inclusive, and dynamic decision-making environment. Therefore, we argue that this dynamic will help women on boards to actively affect the tone of narrative reporting since they will have higher representation to establish their strategies. 
Using 1794 firm-year observations from 2010 to 2018 of non-financial listed firms in the UK context (FTSE-AllShares), we examine the association between corporate board gender diversity and narrative disclosure tone (NDT). We also examine the moderating role of board member tenure and board member age in this association. We measured board gender diversity by addressing the critical mass theory, where critical mass signifies 10% to 40% of women's participation on the corporate boards following  Dobija et al. (2022) and the tone of narrative reporting is measured by performing a computerised textual analysis and using the bag-of-words approach with a Corporate Financial Information Environment (CFIE) program. Financial reporting research and narrative disclosure tone research both frequently employ this methodology. The goal is to determine how frequently positive and negative terms occur in financial reports to control the narrative reporting style (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020; Henry & Leone (2016). Therefore, we calculate the net NDT by dividing the number of (positive–negative) words by the total number of words in the annual report (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020; Davis & Tama-Sweet 2012; Yekini et al., 2016). We estimate the regression models using the ordinary least squares (OLS) regression method. Our findings may be affected by missing variables and unobserved heterogeneity. To address these endogeneity concerns, we perform Two-Stage Least Square (2SLS) regression analysis using mean coupled with median board diversity as instrumental variables, propensity score matching (PSM), and entropy balance-matched samples.  Further, we examine the association between the executive directors’ NDT and board gender diversity. Consistent with our main objective, we also investigate the moderating role of board member tenure and board member age in this association.
Our findings show that board gender diversity is positively associated with firm-level narrative disclosure tone (NDT). Following critical mass theory, this finding is interpreted as meaning that firms with a higher level of board gender diversity, provide a signal to the capital market that more females on the corporate board eliminate social inequality, increase ethical and social awareness, and improve transparency, thereby increasing firm-level net optimistic tone of narrative disclosure. We also find that the positive association between board gender diversity and narrative disclosure tone is more pronounced for firms with more experienced board members but less pronounced for firms with extended board tenure. Our findings are robust using propensity score matching (PSM), entropy balancing analysis, and addressing endogeneity using instrumental variable analysis. We further find that there is a positive association between executive member NDT and board gender diversity. Additionally, the positive link is stronger for firms that have board members with more experience, but it is weaker for firms that have board members with longer tenure, which is consistent with our main findings.
The findings of the study contribute to the accounting and financial reporting literature in several ways. First, to the best of our knowledge, our study is the first to shed light on the UK setting to investigate the relationship between board gender diversity and narrative disclosure tone, highlighting critical mass theory. Although a previous study—Nadeem (2022)—addressed the association between the readability of narrative disclosure in 10-K reports from the US perspective and board gender diversity, the critical mass theory perspective was missing. Furthermore, gender diversity promotes those who give voice to collective action, which happens when several people collaborate to accomplish a shared goal, according to the critical mass theory approach (Dowding, 2013; Lefley & Janeček, 2023). Therefore, we provide evidence supporting the theory to show that the ideal female representation on the board is associated with one important characteristic of narrative reporting named NDT.
Second, prior studies examine the diverse determinants of NDT (Bassyouny et al., 2020; Davis et al., 2015; Loughran & McDonald, 2016; Marquez-Illescas et al., 2019). We extend prior studies on the determinants of NDT and highlight board gender diversity as a key driving factor of the tone of narrative reporting. Third, we extend the narrative disclosure tone literature by highlighting the moderating role of corporate governance mechanisms, including board tenure and board age in the nexus between board gender diversity and NDT. Finally, we also contribute by highlighting that board gender diversity has a positive effect on the executive directors' NDT, and that the moderating role of corporate governance mechanisms, such as board tenure and the board age, influence this association. In sum, our study contributes to the accounting and financial reporting literature and extends prior studies (e.g., Ben-Amar et al., 2024; Martikainen et al., 2023; Mather et al., 2021) by highlighting the critical mass theory perspective, examining the UK context, and exploring how other board characteristics, such as board member tenure and age, moderate the relationship between gender diversity and NDT.
The rest of the paper is constructed as follows: Section 2 provides an overview of prior literature and the development of the hypothesis. Section 3 outlines the methodology and research design, while Section 4 concentrates on data sources and sample selection. The empirical analysis results and robustness checks are presented in Section 5. Last, Section 6 concludes with the limitations of the current study and discusses its implications.
2. Literature review and hypothesis development 
2.1. Narrative disclosure tone background
Over the last decade, there has been an increased focus on textual analysis within the accounting and financial reporting literature (Ataullah et al., 2018; Loughran & McDonald, 2016). Specifically, researchers have sought to explore companies' communication strategies and their influence on investors and financial results (Blankespoor, 2018). A primary means of communication between companies and external stakeholders is through narrative disclosure, a component of corporate financial reporting (Schleicher & Walker, 2010). Previous studies have demonstrated that narratives offer credible information alongside financial statements, impacting market reactions and corporate outcomes (e.g., Davis & Tama-Sweet, 2012; Henry, 2008; Huang et al., 2014; Merkley, 2014; Yekini et al., 2016). These studies contend that narratives can address various aspects not covered in financial statements, such as corporate strategies, future plans, and environmental practices. Additionally, narratives can bridge the gap for investors lacking financial expertise by providing explanations beyond financial statements in a straightforward manner (Arslan-Ayaydin et al., 2016). Furthermore, with over 70% of financial reporting documents now comprising narrative disclosures, researchers should pay increased attention to these textual disclosures and their impact on corporate outcomes (Li et al., 2011). 
Recently, researchers within the area of accounting and financial reporting literature have emphasised the significance of understanding not just the informational content of financial reporting but also how this information is presented to stakeholders (Bassyouny et al., 2020; Henry & Leone, 2016). Consequently, prior studies have delved into examining the impact of narrative tone, considered a crucial characteristic of narratives, on the outcomes of firms. This leads us to explore NDT and how managers employ language to communicate information to external users. Tone, in this context, denotes the optimistic or pessimistic language utilised by managers in narrative reporting to convey substantive information about the firm (Henry, 2008). 
Prior studies investigated the consequences of narrative disclosure tone in different channels of communication such as press releases, conference calls, and annual reports and found a significant effect on market reaction and long-term performance (e.g., Davis & Tama-Sweet, 2012; Davis et al., 2012, 2015; Henry et al., 2023; Huang et al., 2014; Yekini et al., 2016). These results confirm the importance of narrative disclosure tone and how it affects stock markets and firms’ financial outcomes. However, on the other hand, few studies have investigated the determinants of narrative disclosure tone (Bassyouny et al., 2022). While a limited number of studies explore the factors influencing NDT, with most tone studies concentrating on outcomes (Loughran & McDonald, 2016; Marquez-Illescas et al., 2019), some studies have delved into the primary determinants of NDT. However, these investigations into tone determinants often focus on specific types of disclosures, such as Forward-Looking Disclosure (FLD) (e.g., Li et al., 2011; Schleicher & Walker, 2010), or only consider firm financial characteristics and accounting strategies as the primary drivers of tone (Iatridis, 2016). In addition, previous studies investigated CEO personal characteristics as determinants of NDT and found a significant relationship between specific CEO characteristics and the tone of narrative reporting (Bassyouny et al., 2020; Davis et al., 2015). However, our knowledge of the consequences of having more women on the board is limited, especially when it comes to having a certain proportion of women on the board. Therefore, in the current study, we aim to fill this gap and investigate the relationship between board gender diversity using the critical mass point of view and the tone of narrative reporting in the UK context. 
We contend that the investigation of narrative tone in the UK presents a unique context for two primary reasons. First, the regulatory framework in the UK differs from that in the US, where most NDT studies have taken place (for example, Nadeem, 2022). The UK adopts a principle-based approach, offering greater flexibility in narrative reporting and permitting managers to have a more significant influence on the framing of narrative tone. In contrast, the US follows a rule-based approach with more stringent restrictions on the narrative reporting style (Yekini et al., 2016). The principle-based approach in the UK provides greater flexibility by setting out broad principles and guidelines rather than prescriptive rules. This approach, as mentioned in the UK Corporate Governance Code and Strategic Report Guidance, allows companies to tailor their narrative reporting to better reflect their unique circumstances, strategies, and performance (Bassyouny & Abdelfattah, 2022; Yekini et al., 2016). In other words, this approach will better allow the board of directors to frame the narrative reporting based on their preference as they do not need to follow strict rules that are applied in the rule-based approach. Second, the regulatory environment in the UK has garnered increased attention recently, particularly with the Financial Reporting Council (FRC) issuing guidance for strategic reporting in 2014. This guidance aims to enhance narrative reporting in the UK and encourages companies to disclose information pertaining to long-term performance (FRC, 2014). 
2.2. Board gender diversity and NDT
Extensive research has been conducted on the performance of firms at the board and top management levels with regard to gender diversity, but the results have been mixed (Carter et al., 2003; Hazaea et al., 2023; Hoobler et al., 2018; Joy et al., 2007; Perryman et al., 2016; Post & Byron, 2015; Smith et al., 2006).  A significant amount of research has also been devoted to exploring the impact of gender diversity on firm risk (Bernile et al., 2018; Byrnes et al., 1999; Perryman et al., 2016; Sila et al., 2016). A relatively new area of research focuses on the relationship between gender diversity and innovation (Alsos et al., 2013; Machokoto et al., 2023; Østergaard et al., 2011; Pecis, 2016; Ritter-Hayashi et al., 2019; Robson et al., 2009; Terziovski, 2010). However, there has been little investigation of gender diversity in the context of narrative disclosure (Poletti-Hughes & Briano-Turrent, 2019). Furthermore, most studies on gender diversity focus on agency theory (Shleifer & Vishny, 1997), followed by signalling theory (Alsos & Ljunggren, 2017; Connelly et al., 2011; Lee-Kuen et al., 2017; Spence, 2002), upper-echelon theory (Hambrick, 2007; Nguyen et al., 2021), resource dependency theory (Pfeffer & Salancik, 2015; Nguyen et al., 2020), stakeholder theory (Freeman, 1999; Hill & Jones, 1992; Nadeem, 2022) and, most specifically, critical mass theory (Joecks et al., 2013; Kanter, 1977). Further, recent studies have also highlighted the effect of gender diversity on firm performance (Hazaea et al., 2023). However, despite the assertion of critical mass theory (Joecks et al., 2013; Kanter, 1977) on gender diversity and predictions regarding the effect of group dynamics on information disclosure, only limited research has been conducted in the area. 
The impact of gender diversity on information disclosure has been studied in the context of Corporate Social Responsibility (CSR)(Aguilera‐Caracuel & Guerrero‐Villegas, 2018; Albitar et al., 2023; Guerrero-Villegas et al., 2018; Ramdhony et al., 2023), greenhouse gas emissions information disclosure (Al-Qahtani & Elgharbawy, 2020; Liao et al., 2015), and climate change disclosure (Chakraborty & Dey, 2023; Haque, 2017). However, the results of these studies are conflicting, which we anticipate is possibly due to the use of the actual percentage of women on boards as a measure of gender diversity. Studies that consider the concept of critical mass have found that gender diversity has a moderating effect on the quality of forward-looking information disclosure related to operational and financial characteristics (Abdelazim et al., 2023), as well as on earnings quality (Alves, 2023). In addition, recent studies focused on the impact of board gender diversity on the readability of corporate reporting. For example, Nadeem (2022) found a positive relationship between board gender diversity and readability of 10-K in the US, which consequently improves firm performance. Similarly, Ben-Amar et al. (2024) demonstrated that gender diversity in the board of directors and audit committee improves the readability of narrative reporting. Our study extends these works by not only investigating the effect of board gender diversity on NDT-distinct characteristic of narrative reporting in the UK context, but also by employing the critical mass theory perspective to examine this relationship. 
Critical mass theory contends that a particular threshold ‘critical mass’ of women in a group must be attained to unlock the potential of women's contribution to the board. Thus, uniform groups (all males or all females) or skewed groups, with one dominant group (e.g., males) that controls a few (e.g., women) will achieve lower performance. Conversely, a board with a critical mass of 20–40%, known as tilted groups, will perform better than the uniform or skewed groups (Joecks et al., 2013; Kanter, 1977). Thus, with the critical mass theory, Kanter (1977) contends that a critical mass of females will present an adequate environment for women to contribute their unique competencies and perspectives. However, substantial arguments have been made about what constitutes a critical mass (Joecks et al., 2013; Lefley & Janeček, 2023). Many studies have considered the critical mass as 30% women’s representation on a board with at least three female directors (Brahma et al., 2021; Gharbi & Othmani, 2023; Joecks et al., 2013; Konrad et al., 2008; Manita et al., 2018). In this study, we contend that the critical mass lies between 10% and 40% female representation within boards, which is in line with  Dobija et al. (2022), the only study associating board gender diversity with financial reporting quality.  Dobija et al. (2022) contend that women's increased presence on boards is associated with improved financial reporting quality, measured by reporting timeliness, earnings management, and auditor opinions. Similarly, Albitar et al. (2023) find that gender diversity impacts the positivity of CSR tone.  Previous research has concluded that the inclusion of women directors on corporate boards is highly valuable in terms of value relevance for companies globally (Cumming et al., 2015; Nadeem, 2022). Similarly, prior studies document that female representation on the board is associated with firm performance, stock returns, and better financial outcomes (Gul et al., 2011; Loyd et al., 2013; Reguera-Alvarado et al., 2017). Since a positive tone is associated with favourable firms’ outcomes as discussed above, we argue that board gender diversity is positively associated with annual reports' narratives’ positiveness. Specifically, we contend that critical mass theory, which posits that women should constitute at least 40% of the members serving on corporate boards, might allow females on the board to affect the style of narrative reporting that serves firms’ values- since companies with a critical mass of women serving on their board may yield improved financial reporting quality (Dobija et al., 2022). Accordingly, we formulated and tested the following hypothesis:
H1: There is a positive association between board gender diversity and the Net Disclosure Tone (NDT).
3. Research design

3.1.  Sample and data 

The cornerstone of our sample is the FTSE[footnoteRef:2] all-share Index. Nonetheless, 283 firms were disqualified from the financial services industry due to their differing financial structures and accounting methods. Furthermore, we eliminated 36 firms whose annual reports were only accessible as images and whose data could not be converted to text. Moreover, by applying the critical mass theory, we eliminated 13 firms that employ fewer than 10% and more than 40% of women. Our board characteristics data have been manually extracted directly from the public records published by the Registrar of Companies on their website (CompaniesHouse.gov.uk). Financial and non-financial data are obtained from individual annual reports. Our research focuses on annual reports as they offer a greater selection of narratives that accurately depict the firm's narrative reporting style and provide consistency of tone and more about executives' tones (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020). After combining all databases and eliminating all incomplete observations, our final test sample is 1794 firm-year observations from eight industries. Table 1, Panel A demonstrates the sample selection procedure.  [2:  -FTSE stands for Financial Times Stock Exchange. FTSE International Limited trading as FTSE Russell. FTSE is a British provider of stock market indices and associated data services, wholly owned by the London Stock Exchange (LSE) and operating from premises in Canary Wharf. It operates the well-known UK FTSE 100 Index as well as several other indices. ] 

[INSERT TABLE 1 ABOUT HERE]
Table 1, Panels B and C explain the study's industry and year distribution, respectively. As can be seen in Table 1, Panel B, the majority of the firms in our sample are in the customer discretionary (40.58%), followed by industrials (33.39%), and materials (8.61%). In comparison, firms from communication services (2.06%) have the lowest proportion. Additionally, the yearly distribution of the firms in our sample is shown in Table 1, Panel C. The highest number of observations (15.55%) is in 2016, followed by 2017 (15.11%), and 2015 (14.94%), while 2018 presents the lowest number of observations (6.13%), indicating that firms’ narrative disclosure coverage increases over these years. Further, none of the years exceeds more than 20% of the total sample.   
3.2.  Measurement of board diversity following critical mass theory

[bookmark: _Hlk156309140]In this study, we incorporate critical mass theory to address the board's gender diversity. The rationale for establishing a critical mass of female corporate board members is that doing so is likely to lead to an improvement in the proportion of women on boards, as well as opportunities for them to address corporate obstacles, a reduction in the disparities of social inequality, an improvement in ethical and social viewpoints, and enhanced transparency (Arfken et al., 2004; Chandler, 2016; Dang et al., 2014; Joecks et al., 2013; Kogut et al., 2014; Leszczyńska, 2018). Therefore, we measured board gender diversity addressing that the critical mass theory in the corporate boards lies between 10% to 40% of women on boards, following Dobija et al. (2022). We use this approach for measuring board gender diversity for two reasons. First, similar to Moussa et al. (2023), we have a very small number of observations for female representations below 10%. Second, following Dobija et al. (2021), the majority of female representations on board is falling between 10% and 40%; hence, this is the main focus of measuring gender diversity. However, in our additional analysis, we include the female representation below 10% in our alternative measure to ensure that our results are the same even after including firms with minimum representation of females on board.
3.3. Measurement of narrative disclosure tone 
[bookmark: _Hlk156309416][bookmark: _Hlk192153926]This study investigates the association between narrative disclosure tone and board gender diversity by following critical mass theory in the UK context. To quantify the tone of narrative reporting, we, thus, perform a computerised textual analysis and use the bag-of-words approach with a CFIE[footnoteRef:3] program. This approach is widely used in narrative reporting studies. It is worth mentioning that Henry & Leone (2016) found that the bag-of-words approach gives similar outcomes to a different approach that considers the meaning of text, such as the machine learning approach.  The goal is to determine how frequently positive and negative terms occur in financial reports to control the narrative reporting style (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020; Henry & Leone, 2016). Following previous studies on NDT (e.g., Loughran & McDonald, 2011; Davis & Tama-Sweet, 2012; Feldman et al., 2010; Lee & Park, 2019; Marquez-Illescas et al., 2019), we employed the Loughran & McDonald (2011) wordlist to capture the tone for our study. First, it is more effective in financial reporting studies than other general dictionaries since it is based on financial document 10-K filings (Bassyouny et al., 2020). Second, in comparison to Henry’s (2008) wordlist, it is more extensive. Thus, to account for the length of the annual reports, the net optimistic tone is computed as (positive–negative) words divided by the total amount of words (Bassyouny et al., 2020; Davis & Tama-Sweet, 2012; Feldman et al., 2010; Loughran & McDonald, 2016). [3:  The Corporate Financial Information Environment (CFIE) is a research program exploring accounting and financial market text using natural language processing (NLP) and corpus linguistics methods. Its aim is to understand the properties and impact of financial narratives, with a particular emphasis on annual reports, preliminary earnings announcements, conference calls, and the financial media. For more information, please visit:https://ucrel.lancs.ac.uk/cfie/#:~:text=CFIE%20is%20a%20research%20programme,NLP)%20and%20corpus%20linguistics%20methods.] 

[bookmark: _Hlk156309729]Furthermore, the external auditor reports and the financial statement notes were excluded from this study because we focus on the narratives initiated in UK corporate annual reports, which are representative of the firms' narrative reporting approach. Since the CFIE program is designed for the PDF structure of UK annual reports, we selected it to perform textual analysis. It converts PDF files to text and divides the whole annual report into distinct sections according to the PDF file's table of contents (El-Haj et al., 2020). It is appropriate for the current study because we are looking at the entire annual report in addition to concentrating on sections. Thus, it provides the expected word frequency outcomes for the entire report. As a result, the net tone is calculated by dividing the number of (positive–negative) words by the total number of words in the annual report (Bassyouny et al., 2020; Davis & Tama-Sweet 2012; Yekini et al., 2016).  

3.3.  Empirical models and variables
We deploy our models following the prior studies (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020; Manita et al., 2018; Nadeem, 2022; Nadeem et al., 2020; Radu & Smaili, 2022). We estimate the following model to examine our hypothesis:
[bookmark: _Hlk63811646]Net_Tonei,,t = β0 + β1BDi,t + β2SIZEi,t + β3LEVi,t + β4MTBi,t + β5ROEi,t + β6Salesgrowthi,t + β7B_sizei,t + β8B_indi,t + β9B_activityi,t + β10AC_sizei,t + β11AC_indi,t + β12AC_activityi,t + β13CEOTENi,t + β14CEO_dualityi,,t + β15CEO_agei,t +  ∑Yeari,t + ∑Industryi,t + εi,t						(1)

where Net_tone is calculated as the sum of positive and negative words divided by the total number of words to account for the annual reports' length following literature  (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020; Davis & Tama-Sweet., 2012; Yekini et al., 2016). Further, board gender diversity (BD) is measured by assessing the 10%–40% of female members on the corporate board by following the critical mass theory (Manita et al., 2018; Nadeem, 2022). We expect a positive coefficient for (BD) in Equation (1) to support our hypothesis. Consistent with the prior research, we include several control variables that are likely to affect the intention of narrative disclosures in the annual reports (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020; Davis & Tama-Sweet, 2012; Davis et al., 2015). We control for firm size (SIZE) as measured by the natural logarithm of total assets as large firms have more conservative strategies and reveal more balanced information to reduce future risks (Manita et al., 2018). Furthermore, we use the leverage ratio (LEV) to account for the credit crisis (Yekini et al., 2016). Additionally, as indicators of market risk, profitability, and firms’ sales growth, we control for MTB, ROE, and Salesgrowth, respectively (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020).
Consistent with this notion, the following corporate governance and CEO-related characteristics that could influence a firm's outcome are considered by this model. Therefore, we control for corporate governance mechanisms such as board size (B_size), board independence (B_Ind), board activities (B_activity) measured by the number of board meetings per year, audit committee size (AC_size), audit committee independence (AC_ind), and audit committee activity (AC_activity) measured by the number of audit committee meetings per year following Bassyouny et al. (2020). Further, we also control for CEO-related characteristics by following Nadeem (2022) including CEO tenure (CEOTEN) and CEO duality (CEO_duality) measured by a binary variable equal to 1 if a CEO is also the chair, and 0 otherwise, and CEO’s age (CEO_age). In addition, we incorporate the year and industry fixed effects to mitigate endogeneity concerns and account for firm time-invariant features. All variables' explanations and sources are provided in Appendix A. 


3.4.  Estimation method
The ordinary least squares (OLS) regression techniques are used to estimate each of our regression models. To solve the problems with serial correlation and heteroskedasticity in the regression models, we use robust standard errors by firms. In addition, we incorporate year and industry fixed effects in all our regression models and examine variance inflation factor (VIF) values to evaluate any possible multicollinearity.
4. Empirical results

4.1.  Descriptive statistics and correlation analysis

Table 2 provides the descriptive statistics for our study’s variables. The mean (median) narrative disclosure tone (Net_tone) is 0.21 (0.22), which reflects prior studies (Bassyouny & Abdelfattah, 2022; Bassyouny et al., 2020). This demonstrates that, while there is some diversity in the application of positive and negative words in UK annual reports, the underlying narratives tend to be more positive. Further, this figure is comparable to NDT studies that employed the positive–negative word count divided by the overall word count to measure net optimistic tone while accounting for length (Davis & Tama-Sweet, 2012; Marquez-Illescas et al., 2019). The mean (median) value of executive net disclosure tone (Executive_tone) is 14.28 (14.29), which is similar to the value demonstrated by Bassyouny and Abdelfattah (2022). The average (median) board diversity by following the critical mass theory of our sample firms is 19.50 (17.92), which is closer to the mean of 15.85 reported by Manita et al. (2018). 
[INSERT TABLE 2 ABOUT HERE]
The average (median) of firm size (SIZE), as measured by the natural logarithm of total assets is 7.38 (7.22), implying that the average level of total assets is GBP 2.13 billion, thus suggesting that the firms responding to our sample are larger. The mean (median) value of leverage (LEV) is 22.47 (21.19), which is almost similar to the average value of 22.78 reported by Bassyouny and Abdelfattah (2022). The average (median) of the market-to-book value (MTB) is 5.38 (2.56), which is closer to the mean value of 4.24 presented by Bassyouny and Abdelfattah (2022). The average (median) value of profitability (ROE) is 28.25 (14.77), while the mean (median) value of firms’ sales growth (Salesgrowth) is 6.63 (4.97). 
Furthermore, we control for firm-level corporate governance variables. The mean value of board size (B_size)  is 8.67 and the average value of board independence (B_ind) is 62.30, which are closer to the mean values of 8.46 (board size) and 60.88 (board independence), respectively, reported by Bassyouny et al. (2020). Further, the mean value of board activity (B_activity) is 8.50, while the average value of audit committee activity (AC_activity) is 4.27. The mean values of audit committee size and independence are 3.72 and 98.48, respectively. Furthermore, we also control for the chief executive officer’s (CEO) behaviour in our model; thus, the mean values of CEO tenure (CEOTEN), CEO duality (CEO_duality), and CEO age (CEO_age) are 6.17, 0.03, and 53.39, respectively. Finally, we have two interaction variables in our model—board member tenure and board member age. The mean values of board member tenure (Board_tenure) and board member age (Board_age) are 5.34 and 56.85, respectively.  
Table 3 shows Pearson’s correlation matrix for the variables in Equation (1). The correlation matrix shows that the board diversity (BD) is positively associated with a narrative disclosure tone (Net_tone) with a value of (β=0.0639, p<0.01). Furthermore, the correlation coefficients between other variables have values less than 0.80, which suggests that multicollinearity is very unlikely in our research models, as Gujarati and Porter (2009) suggest that correlations less than 0.80 do not create any multicollinearity problems. The mean-variance inflation factor (VIF) value of the variables is 1.37, ranging from 1.04 to 2.11. A VIF value higher than 10 is viewed as leading to potential multicollinearity concerns (Gujarati & Porter, 2009). Thus, our results are unlikely to suffer from multicollinearity problems. 
[INSERT TABLE 3 ABOUT HERE]
4.2.  Regression analysis
In Table 4, we demonstrate the result of the regression, where Model (1) indicates the association between corporate narrative disclosure tone (Net_tone) with board gender diversity (BD). The R-squared (R2) value is 13.60% for Model (1) presented in Table 4, suggesting that the dependent variables are fairly supported by the independent variables, with our study’s explanatory power comparable with prior studies (Albitar et al., 2023; Dobija et al., 2022; Ibrahim & Aboud, 2023). The coefficient of board gender diversity (BD) is positive and statistically significant (β=0.004, p<0.05) in Model (1), indicating that firms with a higher BD have a higher level of corporate NDT. This finding suggests that firms with a higher level of board gender diversity following critical mass theory are positively associated with NDT. Thus, our hypothesis (H1) is supported. In economic terms, the estimated coefficient suggests that firms with higher board gender diversity (BD), on average, increase the value of the NDT (Net_tone) by 37.14% [(19.50×0.004)/0.21×100] relative to the sample mean. 
Concerning the control variables, as shown in Table 4, Model (1), the coefficients of ROE, Salesgrowth, AC_size, and AC_ind are positive and statistically significant, suggesting that firms with high profitability, higher levels of sales growth, higher audit committee members, and the high percentage of independent directors’ involvement in the audit committee have positively affected the NDT. On the other hand, the coefficients of LEV, B_activity, and AC_activity are negative and statistically significant, suggesting that firms of high leverage, and firms with a higher number of board and audit committee meetings per year, have a negative relationship with NDT. The significance level of the control variables is reported in Table 4, Model (1). 
[INSERT TABLE 4 ABOUT HERE]


4.3.  Channel analysis
4.3.1. Moderating role of board tenure 
The tenure of board members' service is an additional factor influencing firms’ financial outcomes. Current research indicates that the boards' inclination to take on risk is likely to evolve throughout their tenure (Hermalin & Weisbach, 2012). On one hand, managers facing the challenge of not meeting shareholders' expectations in their initial years may risk losing their positions. This pressure may drive them to pursue more adventurous investment opportunities, potentially resulting in improved outcomes for the firms that they lead (Kahneman & Tversky, 2013). On the other hand, longer tenures enable top executives to develop a deeper comprehension of the firms' strategies and long-term plans, ultimately enhancing their capacity to provide effective leadership for the company, leading to better firms’ financial outcomes (Muttakin & Khan, 2023). Therefore, we argue that board tenure may moderate the relationship between board gender diversity and positive tone in annual report narratives. Furthermore, we measure board tenure (Board_tenure) by the average number of years that board members have been in the roles. We expect a negative coefficient for (BD× Board_tenure) in Equation (2) to support our hypothesis. Therefore, we add an interaction between the board diversity (BD) and board tenure (Board_Tenure) to Equation (1) to test our hypothesis. The model is as follows:
Net_Tonei,,t = β0 + β1BDi,t + β2 (BD×Board_tenure)i,t +  β3Board_tenurei,t +  β4SIZEi,t + β5LEVi,t + β6MTBi,t + β7ROEi,t + β8Salesgrowthi,t + β9B_sizei,t + β10B_indi,t + β11B_activityi,t + β12AC_sizei,t + β13AC_indi,t + β14AC_activityi,t + β15CEOTENi,t + β16CEO_dualityi,,t + β17CEO_agei,t +  ∑Yeari,t + ∑Industryi,t + εi,t										 (2)
In Equation (2), we predict that board tenure negatively moderates the association between board gender diversity and corporate narrative disclosure tone. Table 4, Model (2) represents the interaction between board gender diversity and board members’ tenure (BD × Board_tenure). 
As shown in Table 4, Model (2), the coefficient of the interaction of (BD × Board_tenure) is negative and statistically significant (β=-0.003, p<0.05). These findings suggest that the positive association between corporate narrative disclosure tone and board gender diversity is less pronounced for firms with higher-level board members’ tenure. The results are also economically significant. In economic terms, the estimated coefficient suggests that firms with higher board gender diversity (BD), on average, decrease the value of the NDT (Net_tone) by 1.11% for firms with higher board tenure. 
4.3.2. Moderating role of board age 
The observable managerial trait of age significantly influences both the outcomes and strategies of firms based on two points of view (Hambrick, 2007). While older boards tend to be more conscientious, leading them to potentially avoid risky strategies, their wealth of career experience can be leveraged in the decision-making process to benefit shareholders (Plöckinger et al., 2016). Therefore, one can postulate that older boards can be more cautious in their narrative reporting style and provide a less positive tone. However, others might suggest that older boards may use their experience to provide a more positive tone aiming to satisfy shareholders with favourable financial outcomes. Thus, we argue that board age moderates the relationship between board gender diversity and the positive tone of annual report narratives. In addition, we measure board age (Board_age) by the average age of the board members, and we expect a positive coefficient for (BD× Board_age) in Equation (3) to support our hypothesis. Therefore, we add another interaction between the board diversity (BD) and board age (Board_age) in Equation (3) to test our hypothesis. The model is as follows:
Net_Tonei,,t = β0 + β1BDi,t + β2 (BD×Board_age)i,t +  β3Board_agei,t +  β4SIZEi,t + β5LEVi,t + β6MTBi,t + β7ROEi,t + β8Salesgrowthi,t + β9B_sizei,t + β10B_indi,t + β11B_activityi,t + β12AC_sizei,t + β13AC_indi,t + β14AC_activityi,t + β15CEOTENi,t + β16CEO_dualityi,,t + β17CEO_agei,t +  ∑Yeari,t + ∑Industryi,t + εi,t										(3)
In Equation (3), we predict that board age positively moderates the association between board gender diversity and corporate NDT. Table 4, Model (3) reports the interaction between board gender diversity and board members’ age (BD × Board_age). As shown in Table 4, Model (3), the coefficient of the interaction of (BD × Board_age) is positive and statistically significant (β=0.002, p<0.05). These findings suggest that the positive association between corporate NDT and board gender diversity is more pronounced for firms with higher-level board members’ ages or more experienced board members. The results are also economically significant. In economic terms, the estimated coefficient suggests that firms with higher board gender diversity (BD), on average, increase the value of the NDT(Net_tone) by 8.82% for firms with higher board member age.
4.4.  Propensity Score Matching (PSM) analysis
Our OLS models are likely to be misspecified if there is not a linear relationship between the covariates and the dependent variable, despite our assumption that there is a linear association. We tackle this problem by using propensity score matching. We construct a new sample without assuming a functional linear relationship (Jha & Chen, 2015; Jha & Cox, 2015) to assess a causal association between the variables of interest (Rosenbaum & Rubin, 1983) and to address sample selection bias because of dissimilarities between the treated and control samples (Fang et al., 2014). Following previous research (Hossain & Masum, 2022; Sautner et al., 2023), we construct subsamples based on the median values of our board diversity variable (BD). We classified the subsamples of firms into two groups: the treatment group consisted of firms with higher than median values of board gender diversity, while the control group consisted of firms with lower than median values. For the treated and control group samples, the propensity scores of the probability of belonging to the high board diversity groups are computed using a logit model that is based on all the control variables from our baseline model. We get a matched sample in the control group for every treated sample observation. 
[INSERT TABLE 5 ABOUT HERE]
Table 5, Panel B, reports the comparison of means for the treatment and propensity score matched control variables. Panel C reports the regression estimates using the propensity score matched samples. Our results indicate a consistently positive, statistically significant relationship between the board gender diversity (BD) and narrative disclosure tone (Net_tone) with a value of (β=0.005, p<0.05) in Model (1). Further, a positive association between board diversity (BD) and NDT (Net_tone) is less pronounced for firms with a higher level of board tenure (BD × Board_tenure) with a value of (β=-0.003, p<0.01) in Model (2) and more pronounced for firms with a higher board age (BD × Board_age) with a value of (β=0.003, p<0.01) in Model (3). Even after addressing sample selection bias using propensity score matched samples, we continue to find the same outcome, as exhibited in Table 4. 
4.5.  Entropy-balancing analysis

[bookmark: _Hlk91369474]The outcomes of our investigation are likely to be influenced if there were intrinsic variations in the observable firm structures. We utilised the entropy-balancing technique to address this issue. This method lessened the impact on firm characteristic imbalances, decreasing the possibility that these imbalances, rather than NDT, would be the cause of our findings. The entropy-balancing results are shown in Table 6, where weights have been assigned to account for the sample distributions of the control observations (Hainmueller, 2012; Hainmueller & Xu, 2013). This adjustment balanced the covariates on all three moments (mean, variance, and skewness) of the distributions. The procedure assigned more weight to under-represented observations and less weight to over-represented observations, creating a “pseudo” control group that mitigated the differences in covariates between treatment samples (HIGH_Net_tone=1) and control samples (LOW_Net_tone=0). The treatment group comprised observations with a higher NDT (HIGH_Net_tone=1), while the control group comprised observations with a lower NDT (LOW_Net_tone=0). 
[INSERT TABLE 6 ABOUT HERE]
Table 6, Panels A and B present the descriptive statistics of the before and after entropy-balanced samples when balancing HIGH_Net_tone=1 vs. LOW_Net_tone=0, respectively, for the treatment and control groups. The results suggest that there are no differences between the treatment and control observations in terms of mean, variance, and skewness. Table 7, Panel C presents the multivariate analysis of the entropy-balanced sample. The coefficients of (BD): (β=0.004, p<0.05) and (BD × Board_age): (β=0.002, p<0.01), are positive and statistically significant while the coefficient of (BD × Board_tenure): (β=–0.003, p<0.05), is negative and statistically significant for the NDT (Net_tone), respectively. These findings suggest the robustness of our main findings. 
4.6.  Instrumental variables 

The reverse causality is likely to have an impact on our outcomes. One could legitimately contend that, if the narrative disclosure tone is impacted by board gender diversity, then the opposite outcome might also occur. To attract both present and prospective capital providers, firms with lower levels of gender diversity on their boards might disclose more of their corporate narrative. We use instrumental variable analysis, for which we must identify external instrumental factors as endogenous regressors, to reduce the potential endogeneity issue resulting from reverse causality. We select two instrumental variables for our board gender diversity measure—(BD): year–industry average of peer firms’ board diversity (Mean_BD) and year-industry median of peer firms’ board diversity (Median_BD)—following Liu et al. (2014) and Nadeem (2022).  The rationale behind this is that the percentage of female directors in a specific firm is likely to be affected by the percentage of female directors in its own industry (peer pressure) (Liu et al., 2014), but the industry average/median gender diversity is not likely to affect a firm’s readability of narrative disclosure. We, therefore, use the mean and median board diversity of peer firms in the same year–industry as instrumental variables to identify the outcomes associated with narrative disclosure tone. Therefore, we believe that these two variables can be used as instrumental variables in our study.
[INSERT TABLE 7 ABOUT HERE]
Model (1) of Table 7 reports the first-stage regression results. The coefficients of the instrumental variables, Mean_BD and Median_BD, are positive and statistically significant in our first-stage models. The coefficients of other control variables are consistent with our expectations. These instruments remain robust to a set of diagnostic tests—i.e., the Anderson under-identification test and the Cragg–Donald weak instrument test. The test statistics indicate that our instruments are correctly identified, reject the null hypotheses of being irrelevant and weak, and validate that they are exogenous to the NDT. Based on the analysis by Stock and Watson (2002), these high F-statistics suggest that our instruments are not weak. Table 7, Model (2) reports the second-stage regression results for Equation (1) instrumented from the first stage. The coefficient of BD is positive and statistically significant, which corroborates our main findings. Therefore, these two instrumental variables can be considered valid. Overall, our findings are robust to the endogeneity concern.
5. Additional analysis and robustness check 

[bookmark: _Hlk192008014][bookmark: _Hlk193057711]5.1. Critical mass of board gender diversity with minimum representation of women on the board
According to Schwartz-Ziv (2017), having more women on boards improves the overall oversight of a company's financial performance. The inclusion of women on the board improves monitoring efforts, enhances the value of firms with weak corporate governance, and ultimately increases a firm’s innovative performance (Torchia et al., 2011). Further, Dahlerup (2006) argues that, to give women a bigger voice and greater influence on strategic decisions, there should be a minimum representation of women on the board. Consistent with this notion, enhancing the degree of business innovation is likely to be more feasible by reaching the critical mass of board gender diversity, which is moving from one or two women (a few tokens) to at least three women (constant minority) (Torchia et al., 2011). We re-estimated the model using firms with a minimum female representation on the board to 40% of female directors on the board and NDT based on the aforementioned deductive reasoning. Further, we measured board gender diversity (BD) by evaluating more than 0% to 40% of female members on the firm board to meet the critical mass of gender diversity.
The results of all regressions are shown in Table 8, where Model (1) shows the regression outcome of the link between board gender diversity (BD) and net disclosure tone (Net_tone), Model (2) shows the regression result of the moderating role of board tenure in the association between board gender diversity and board tenure (BD × Board_tenure), and Model (3) shows the regression result of moderating role of board age in the relationship between board gender diversity and board age (BD × Board_age). In Model (1), the coefficient of the board gender diversity (BD) is positive and statistically significant (β=0.004, p<0.05), indicating that net disclosure tone is positively associated with firms with the minimum representation of female board members to 40% female directors. The finding suggests that firms with the minimum representation of female directors on the board and among those with 40% of female directors have a higher net disclosure tone following critical mass of board gender diversity.
Further analysis is displayed in Table 8, Model (2). The interaction between BD and Board tenure (BD × Board_tenure) has a negative and statistically significant coefficient (β=-0.003, p<0.01). These results indicate that the positive correlation between net disclosure tone and board gender diversity is less noticeable for firms with longer tenure of board members. Furthermore, the coefficient of interaction of (BD × Board_age) in Table 8, Model (3), is positive and statistically significant (β=0.002, p<0.05). These results denote that the positive link between net disclosure tone and board gender diversity is stronger for firms with older board members[footnoteRef:4].  [4:  We express our sincere gratitude to the anonymous reviewer for providing the insightful suggestion.] 

[INSERT TABLE 8 ABOUT HERE]
[bookmark: _Hlk192008232]5.2. Critical mass of board gender diversity with diverse presentation of women on the board
[bookmark: _Hlk192149955][bookmark: _Hlk192153716]Prior research suggests that a critical mass of gender diversity advances to a significant change, for example, greatly improving governance, accelerating business performance, upgrading risk mitigation procedures, enhancing competitive advantages, ensuring higher-level stakeholder representation and fostering the decision-making process instead of token representation in corporate boardrooms (Dobija et al., 2022; Joecks et al., 2013; Luo et al., 2017). To improve the experience of women on boards and increase their contribution to corporate governance, a critical mass of female directors is required (Torchia et al., 2011). Consistent with this notion, Kanter (1977) reports that firms cannot achieve critical mass from board gender diversity unless a threshold of 20% to 40% is achieved. Therefore, following previous research, we reran the regression model using different dummies indicating a varied share of women on the board to assess the impact of the diverse presentation of women on the board (Dobija et al., 2022; Schwartz-Ziv., 2017). We performed the regression for firms with less than 10% (Model 1) and at least or greater than 10%, 20%, 30%, and 40% [Models (2) to (5)] female directors in the corporate boardroom. We anticipate that a 10% to 40% female representation on boards would have the greatest impact on NDT. The measurement and definition of these variables are demonstrated in Appendix A.
[bookmark: _Hlk193059981]In Table 9, we display the findings from all regressions, where Model (1) shows the relationship between net disclosure tone (Net_tone) and board gender diversity (BD), specifically when female members on the board are less than 10%. Similarly, Models (2), (3), (4), and (5) in Table 9 illustrate the link between net disclosure tone (Net_tone) and board gender diversity (BD) when female representation on the board is at least 10%, 20%, 30%, and 40%, respectively. The outcomes reveal that NDT is unaffected by female board participation, which is less than 10% and at least 10% or more in Model (1) and Model (2), respectively. Additionally, we found that firms with at least or higher 20%, 30%, and 40% involvement thresholds for women in corporate boards are statistically significant and positively correlated with NDT [Model (3) to (5)]. Our study's findings imply that a certain proportion of women is necessary to effectively influence the board to increase the readability of narrative reporting. These findings also show that the more women on the board, the greater the monitoring effect, which, in turn, favourably influences the NDT. 
[INSERT TABLE 9 ABOUT HERE]
5.3. Executive NDT and gender diversity 

More than 70% of annual report narratives are presented by executives and governance (Li, 2010). Therefore, corporate executives reveal information about their firms' financial status, operational and financial performance, prospects, and associated strategies (Davis et al., 2015). The reasoning behind this is that firms’ executives convey information to capital market participants and investors about the potential for future growth of the firm as well as its capacity to entice new investors (Marquez-Illescas et al., 2019; Yekini et al., 2016). We, therefore, investigate how board gender diversity affects the executives’ narrative disclosure tone. While, in our main analysis, we used all narrative sections in the annual report, in this additional analysis, we focus on executives’ financial reporting. To calculate executive net disclosure tone, we have calculated the net tone for the following sections (operational and financial review, chairman statements, CEO letters to shareholders). This will give us a better understanding of how board gender diversity can influence the tone of executives rather than the effect on the entire annual report narratives. 
In Table 10, we demonstrate the results of all regressions, where Model (1) indicates the association between executive net disclosure tone (Executive_Net_tone) with board gender diversity (BD), Model (2) represents the interaction between board gender diversity and board members’ tenure (BD × Board_tenure), and Model (3) reports the interaction between board gender diversity and board members’ age (BD × Board_age). The coefficient of board gender diversity (BD) is positive and statistically significant (β=0.004, p<0.05) in Model (1), indicating that firms with a higher BD have a higher level of executive net disclosure tone. This finding suggests that firms with a higher level of board gender diversity following critical mass theory are positively associated with executive net disclosure tone. 
Further analyses are shown in Table 10, Model (2). The coefficient of the interaction of (BD × Board_tenure) is negative and statistically significant (β=-0.003, p<0.05). These findings suggest that the positive association between executive net disclosure tone and board gender diversity is less pronounced for firms with higher-level board members’ tenure. Additionally, in Table 10, Model (3), the coefficient of interaction of (BD × Board_age) is positive and statistically significant (β=0.001, p<0.10). These findings suggest that the positive association between executive net disclosure tone and board gender diversity is more pronounced for firms with higher-level board members’ ages. 
[INSERT TABLE 10 ABOUT HERE]
6. Conclusion 

In this study, we investigated the association between board gender diversity and the firm's narrative disclosure tone. Using a sample of non-financial UK firms, we find consistent, strong validation that firms with more female representatives highlighting critical mass theory on their boards have a better narrative disclosure tone. The findings suggest that firms with a larger proportion of female board members disclose information to their stakeholders in a more positive manner. Additional analysis indicates that the positive correlation between NDT and gender diversity on the board is less prominent for firms with prolonged board tenure and stronger for firms with more experienced board members. Consistent with this notion, our results are resilient to endogeneity issues resulting from missing factors when we employ the instrumental variable technique with propensity score and entropy balance-matched samples. Our results, therefore, infer that increasing board gender diversity causally increases the significance of corporate narrative disclosure tone, as these analyses alleviate endogeneity concerns.
Furthermore, additional analyses suggest that there is a positive association between executive directors’ NDT with board gender diversity. We find corroborating evidence that demonstrates that the positive link between executive directors’ NDT and board gender diversity is stronger for firms with higher board member age and less pronounced for firms with higher board tenure. Our study contributes to the growing corpus of research about the impact of the critical mass theory of board gender diversity on the readability of corporate narrative disclosures. By illustrating how the executive narrative disclosure tone of financial reporting is impacted by a higher percentage of female members following the critical mass theory, we contribute even more to the body of literature. The study's findings are significant because annual report tone is drawing the attention of many stakeholders worldwide, including regulators and policymakers. Our study contributes to the conversation about the influence of gender diversity on boards on corporate narrative disclosure.
We highlight a few research limitations. First, all the firms featured in our sample are UK-based and non-financial firms. Second, there is a potential that some bias from missing variables might affect our results even if we remove endogeneity using PSM analysis, entropy balancing, and instrumental variable analysis. Third, while we use the bag-of-words approach to measure NDT, future research might use a different approach that considers the meaning of text rather than word frequency to confirm the research findings. Despite these limitations, the findings are consistent across several model parameters and may offer valuable insights to policymakers about the numerous ways in which board gender diversity and narrative disclosure of financial reporting are related. Consistent with this notion, our research addresses the recent directive from the Financial Reporting Council (FRC) and the European Council (EC) requesting an increased knowledge and understanding of the implications of narrative disclosure (FRC, 2014; European Council, 2022). Further research should focus on in-depth discussion and analysis in diverse national contexts, comparing the findings of this study with findings in other regions and countries.
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Table 1: Sample selection and distribution
	Panel A: Sample Selection Procedure

	FTSE ALL shares’ data coverage from 2010-2018
	5663

	Less: Firm-year observation was disqualified from the financial services industry
	2547

	Less: Firm-year observation whose annual reports were inaccessible
	324

	Annual Report Readability data coverage from 2010–2018
	2,792

	Less: Firm-year observations dropped due to insufficient control variables
	357

	Less: Firm-year observations dropped due to insufficient CMT variables
	575

	Less: Firm-year observations dropped due to exclusion of firms with less then 10% female board members
	66

	Final test sample from 2010–2018
	1794

	Panel B: Industry-wise distribution of firms in sample

	Name of the Industries
	
	Number of Firms
	Percentage of Sample 

	Energy
	
	74
	4.12

	Materials
	
	127
	7.98

	Industrials
	
	599
	33.39

	Customer Discretionary
	
	728
	40.58

	Health Care
	
	93
	5.18

	Information Technology
	
	79
	4.40

	Communication Services
	
	37
	2.06

	Utilities
	
	57
	3.18

	Total
	
	1794
	100

	Panel C: Year-wise distribution of firms in the sample

	Year
	
	Number of Firms
	Percentage of Sample 

	2010
	
	112
	6.24

	2011
	
	138
	7.69

	2012
	
	171
	9.53

	2013
	
	206
	11.48

	2014
	
	239
	13.32

	2015
	
	268
	14.94

	2016
	
	279
	15.55

	2017
	
	271
	15.11

	2018
	
	110
	6.13

	Total
	
	1794
	100


Source(s): Created by Authors.








Table 2: Descriptive statistics 
	Variables
	Mean
	Median
	SD
	25th Percentile
	75th Percentile 
	Max
	Min
	
	

	Net_tone
	0.21
	0.22
	0.49
	-0.05
	0.46
	5.50
	-9.82
	
	

	BD
	19.50
	17.92
	7.26
	13.33
	25.00
	38.46
	10.00
	
	

	SIZE
	7.38
	7.22
	1.70
	6.12
	8.41
	12.93
	3.64
	
	

	LEV
	22.47
	21.19
	18.39
	8.72
	31.20
	165.58
	0.00
	
	

	MTB
	5.38
	2.56
	37.34
	1.51
	4.45
	918.24
	-351.15
	
	

	ROE
	28.25
	14.77
	106.35
	6.85
	24.73
	2409.86
	-176.98
	
	

	Salesgrowth
	6.63
	4.97
	16.78
	-0.60
	12.29
	117.10
	-93.04
	
	

	B_size
	8.67
	8.00
	2.05
	7.00
	10.00
	19.00
	4.00
	
	

	B_ind
	62.30
	62.50
	12.32
	55.56
	71.43
	92.86
	11.76
	
	

	B_activity
	8.50
	8.00
	2.57
	7.00
	10.00
	33.00
	1.00
	
	

	AC_size
	3.72
	4.00
	0.92
	3.00
	4.00
	8.00
	2.00
	
	

	AC_ind
	98.48
	100.00
	6.81
	100.00
	100.00
	100.00
	50.00
	
	

	AC_activity
	4.27
	4.00
	1.50
	3.00
	5.00
	15.00
	0.00
	
	

	CEOTEN
	6.17
	4.50
	5.95
	2.08
	8.00
	41.50
	0.08
	
	

	CEO_duality
	0.03
	0.00
	0.17
	0.00
	0.00
	1.00
	0.00
	
	

	CEO_age
	53.39
	53.00
	6.40
	49.00
	57.00
	79.00
	34.00
	
	

	Executive
	14.28
	14.29
	0.49
	14.03
	14.54
	19.57
	4.25
	
	

	Board_tenure
	5.34
	5.01
	2.05
	3.94
	6.30
	17.14
	0.40
	
	

	Board_age
	56.85
	57.03
	2.87
	54.91
	58.82
	66.79
	47.21
	
	

	
	
	
	
	
	
	
	
	


Note: Variable definitions are provided in Appendix A. Source(s): Created by Authors.
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	Table 3: Correlation Matrix

	Variables
	Net_tone
	BD
	SIZE
	LEV
	MTB
	ROE
	Salesgrowth
	B_size
	B_ind
	B_activity

	Net_tone
	1.000
	
	
	
	
	
	
	
	
	

	BD
	0.064***
	1.000
	
	
	
	
	
	
	
	

	SIZE
	-0.051**
	0.207***
	1.000
	
	
	
	
	
	
	

	LEV
	-0.071***
	0.046**
	0.255***
	1.000
	
	
	
	
	
	

	MTB
	0.021
	0.068***
	-0.109***
	-0.045*
	1.000
	
	
	
	
	

	ROE
	0.060**
	0.072***
	-0.140***
	0.001
	0.640***
	1.000
	
	
	
	

	Salesgrowth
	0.175***
	-0.005
	-0.109***
	-0.084***
	0.039
	0.035
	1.000
	
	
	

	B_size
	0.017
	0.163***
	0.607***
	0.113***
	-0.010
	-0.003
	-0.056**
	1.000
	
	

	B_ind
	-0.037
	0.269***
	0.332***
	0.047**
	0.013
	0.004
	-0.104***
	0.122***
	1.000
	

	B_activity
	-0.085***
	-0.046*
	-0.022
	-0.026
	0.010
	0.037
	-0.051**
	-0.040*
	0.001
	1.000

	AC_size
	0.063***
	0.198***
	0.321***
	0.056**
	-0.042*
	-0.011
	-0.073***
	0.406***
	0.283***
	-0.036

	AC_ind
	0.060**
	0.133***
	0.137***
	0.022
	0.001
	0.001
	-0.038
	0.000
	0.373***
	-0.022

	AC_activity
	-0.149***
	0.092***
	0.411***
	0.075***
	0.009
	0.008
	-0.095***
	0.344***
	0.208***
	0.219***

	CEOTEN
	0.027
	-0.014
	-0.084***
	-0.127***
	0.023
	-0.001
	0.073***
	-0.015
	-0.100***
	-0.084***

	CEO_duality
	-0.009
	-0.073***
	-0.065***
	0.053**
	-0.003
	-0.019
	0.001
	-0.037
	-0.129***
	0.060**

	CEO_age
	-0.045*
	0.059**
	0.090***
	-0.041*
	-0.087***
	-0.121***
	-0.060**
	0.007
	0.042*
	-0.035

	Board_tenure
	0.008
	-0.127***
	-0.251***
	-0.020
	0.032
	0.051
	0.036
	-0.112***
	-0.408***
	-0.079*

	Board_age
	-0.178***
	-0.005
	0.306***
	0.086**
	0.012
	-0.064
	-0.201***
	0.158***
	0.235***
	-0.025

	Executive
	0.967***
	0.067***
	-0.014
	-0.091***
	0.019
	0.051**
	0.162***
	0.036
	-0.014
	-0.063***

	Variables
	AC_size
	AC_ind
	AC_activity
	CEOTEN
	CEO_duality
	CEO_age
	Board_tenure
	Board_age
	Executive
	

	AC_size
	1.000
	
	
	
	
	
	
	
	
	

	AC_ind
	0.023
	1.000
	
	
	
	
	
	
	
	

	AC_activity
	0.126***
	0.070***
	1.000
	
	
	
	
	
	
	

	CEOTEN
	-0.036
	-0.001
	-0.053**
	1.000
	
	
	
	
	
	

	CEO_duality
	-0.000
	-0.167***
	-0.014
	0.093***
	1.000
	
	
	
	
	

	CEO_age
	0.028
	0.046*
	0.074***
	0.266***
	0.237***
	1.000
	
	
	
	

	Board_tenure
	-0.028
	-0.233***
	-0.154***
	0.453***
	0.046
	0.038
	1.000
	
	
	

	Board_age
	0.099**
	0.101**
	0.277***
	0.037
	0.068*
	0.474***
	0.239***
	1.000
	
	

	Executive
	0.089***
	0.061**
	-0.130***
	0.015
	-0.014
	-0.054**
	-0.014
	-0.166***
	1.000
	


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.














[bookmark: _Hlk191985433]Table 4: Regression results of the association between NDT and board gender diversity following the critical mass perspective
	
	Model (1)
	Model (2)
	Model (3)

	
	Dependent Variable= Net_tone

	BD
	0.004**
	0.015**
	-0.097**

	
	(2.217)
	(2.292)
	(-2.155)

	Board_tenure
	
	0.037*
	

	
	
	(1.755)
	

	BD × Board_tenure
	
	-0.003**
	

	
	
	(-2.214)
	

	Board_age
	
	
	-0.046***

	
	
	
	(-3.066)

	BD × Board_age
	
	
	0.002**

	
	
	
	(2.177)

	SIZE
	0.008
	-0.006
	-0.001

	
	(0.870)
	(-0.433)
	(-0.079)

	LEV
	-0.002***
	-0.002
	-0.002

	
	(-3.860)
	(-1.642)
	(-1.630)

	MTB
	-0.000
	-0.001
	-0.001

	
	(-1.608)
	(-1.424)
	(-1.108)

	ROE
	0.000**
	0.000
	0.000

	
	(2.295)
	(0.268)
	(0.161)

	Salesgrowth
	0.005***
	0.004***
	0.004***

	
	(5.056)
	(3.675)
	(3.318)

	B_size
	0.011
	-0.020**
	-0.020*

	
	(1.567)
	(-2.029)
	(-1.949)

	B_ind
	-0.002
	0.001
	0.001

	
	(-1.458)
	(0.498)
	(0.818)

	B_activity
	-0.011***
	-0.012*
	-0.013**

	
	(-2.830)
	(-1.776)
	(-1.996)

	AC_size
	0.037***
	0.020
	0.015

	
	(2.931)
	(1.114)
	(0.844)

	AC_ind
	0.006***
	0.003
	0.003

	
	(4.128)
	(1.295)
	(1.259)

	AC_activity
	-0.033***
	-0.020
	-0.017

	
	(-4.542)
	(-1.371)
	(-1.220)

	CEOTEN
	0.002
	0.005
	0.003

	
	(0.570)
	(1.585)
	(0.730)

	CEO_duality
	0.018
	0.026
	0.013

	
	(0.360)
	(0.261)
	(0.125)

	CEO_age
	-0.002
	0.002
	0.006*

	
	(-1.192)
	(0.817)
	(1.739)

	Constant
	-0.709***
	-0.644*
	1.966**

	
	(-4.020)
	(-1.815)
	(2.166)

	Year Fixed Effects 
	YES
	YES
	YES

	Industry Fixed Effects
	YES
	YES
	YES

	Observations
	1794
	608
	608

	R-sq
	0.136
	0.223
	0.224

	adj. R-sq
	0.121
	0.184
	0.185

	F
	11.661
	7.275
	7.305


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.





Table 5: Propensity score matching (PSM) analysis
	Panel A: First-stage logistic regression results

	 
	Coefficient
	Z-stat
	P-value
	 

	Size
	0.115
	4.100
	0.000
	 

	LEV
	-0.001
	-0.590
	0.557
	 

	MTB
	0.001
	1.080
	0.278
	 

	ROE
	0.001
	1.980
	0.048
	 

	Salesgrowth
	-0.002
	-1.200
	0.231
	 

	B_size
	0.082
	3.910
	0.000
	 

	B_ind
	0.012
	3.860
	0.000
	 

	B_activity
	0.007
	0.560
	0.574
	 

	AC_size
	0.097
	2.470
	0.013
	 

	AC_ind
	0.008
	1.580
	0.114
	 

	AC_activity
	-0.031
	-1.270
	0.203
	 

	CEOTEN
	0.006
	1.090
	0.274
	 

	CEO_duality
	-0.444
	-2.170
	0.030
	 

	CEO_age
	0.012
	2.150
	0.031
	 

	Intercept
	-4.769
	-7.540
	0.000
	 

	Year Fixed Effects
	
	YES
	
	 

	Industry Fixed Effects
	
	YES
	
	 

	Observations
	
	1794
	
	 

	Pseudo R2
	
	0.084
	
	 

	Log likelihood
	
	-1129.9
	
	 

	Panel B: Mean test between treatment and control groups

	 
	Mean
	t-test

	Variables
	Treated
	Control
	t
	P-value

	Size
	7.792
	7.813
	-0.230
	0.814

	LEV
	22.895
	22.577
	0.370
	0.714

	MTB
	4.892
	4.111
	0.700
	0.484

	ROE
	27.785
	40.067
	-2.420
	0.016

	Salesgrowth
	5.626
	4.792
	1.100
	0.271

	B_size
	9.128
	9.177
	-0.440
	0.660

	B_ind
	64.873
	64.606
	0.450
	0.654

	B_activity
	8.486
	8.859
	-2.270
	0.023

	AC_size
	3.905
	3.876
	0.600
	0.550

	AC_ind
	99.216
	99.061
	0.620
	0.536

	AC_activity
	4.403
	4.383
	0.240
	0.808

	CEOTEN
	6.108
	6.073
	0.110
	0.909

	CEO_duality
	0.018
	0.021
	-0.540
	0.587

	CEO_age
	53.742
	53.990
	-0.770
	0.439


[bookmark: _Hlk206328071]




	Panel C: Regression results of the association between NDT and board diversity

	
	Model (1)
	 Model (2)
	Model (3)

	                                                                              Dependent Variable= Net_tone

	BD
	0.005**
	0.017***
	-0.178***

	
	(2.487)
	(2.665)
	(-3.953)

	Board_tenure
	
	0.049**
	

	
	
	(2.114)
	

	BD × Board_tenure
	
	-0.003***
	

	
	
	(-2.873)
	

	Board_age
	
	
	-0.079***

	
	
	
	(-4.618)

	BD × Board_age
	
	
	0.003***

	
	
	
	(3.953)

	SIZE
	-0.002
	-0.009
	0.000

	
	(-0.194)
	(-0.518)
	(0.027)

	LEV
	-0.003***
	-0.001
	-0.001

	
	(-3.275)
	(-0.727)
	(-0.590)

	MTB
	-0.000
	-0.002
	-0.002

	
	(-0.111)
	(-1.052)
	(-1.078)

	ROE
	0.000
	-0.000
	-0.000

	
	(0.290)
	(-0.601)
	(-0.509)

	Salesgrowth
	0.007***
	0.004***
	0.004***

	
	(7.058)
	(2.753)
	(2.701)

	B_size
	0.010
	-0.021*
	-0.025**

	
	(1.222)
	(-1.853)
	(-2.253)

	B_ind
	-0.002
	0.002
	0.002

	
	(-1.619)
	(1.122)
	(1.176)

	B_activity
	-0.014***
	-0.009
	-0.009

	
	(-2.833)
	(-1.181)
	(-1.192)

	AC_size
	0.046***
	0.017
	0.012

	
	(3.014)
	(0.997)
	(0.691)

	AC_ind
	0.004
	0.003
	0.004

	
	(1.289)
	(0.845)
	(1.020)

	AC_activity
	-0.024**
	-0.024
	-0.024

	
	(-2.392)
	(-1.592)
	(-1.620)

	CEOTEN
	0.000
	0.008**
	0.006*

	
	(0.056)
	(2.145)
	(1.780)

	CEO_duality
	0.067
	0.210
	0.160

	
	(0.676)
	(1.542)
	(1.185)

	CEO_age
	-0.001
	-0.003
	0.002

	
	(-0.240)
	(-1.020)
	(0.610)

	Constant
	-0.451
	-0.564
	3.887***

	
	(-1.482)
	(-1.270)
	(3.728)

	Year Fixed Effects
	YES
	YES
	YES

	Industry Fixed Effects
	YES
	YES
	YES

	Observations
	1592
	564
	564

	R2
	0.142
	0.270
	0.286

	adj. R2
	0.126
	0.230
	0.247

	F
	8.611
	6.803
	7.383


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.




Table 6: Entropy-balancing analysis
	
	Panel A: Descriptive Statistics Before Entropy-Balancing 
	

	
	
	Treat
	Control
	

	
	
	mean
	variance
	skewness
	mean   
	variance
	skewness 
	

	
	SIZE
	7.319
	3.209
	0.475
	7.053
	2.394
	0.706
	

	
	LEV
	21.480
	290.400
	1.092
	22.200
	404.200
	1.927
	

	
	MTB
	4.557
	2149.000
	3.784
	3.784
	401.600
	0.941
	

	
	ROE
	26.350
	11673.000
	14.460
	22.830
	4270.000
	7.411
	

	
	Salesgrowth
	9.283
	1062.000
	12.780
	7.417
	338.300
	0.815
	

	
	B_size
	8.599
	4.884
	0.630
	8.276
	3.519
	1.053
	

	
	B_ind
	61.340
	178.000
	-0.581
	60.190
	154.200
	-0.539
	

	
	B_activity
	8.402
	6.252
	1.242
	8.519
	7.605
	2.105
	

	
	AC_size
	3.657
	0.983
	1.260
	3.573
	0.628
	1.134
	

	
	AC_ind
	98.060
	83.130
	-6.072
	97.880
	63.970
	-3.735
	

	
	AC_activity
	4.273
	2.149
	1.778
	4.151
	2.306
	2.207
	

	
	CEOTEN
	6.143
	32.800
	2.138
	6.157
	32.870
	2.241
	

	
	CEO_duality
	0.022
	0.022
	6.487
	0.040
	0.039
	4.676
	

	
	CEO_age
	53.100
	41.520
	0.387
	53.110
	45.880
	0.412
	

	
	Panel B: Descriptive Statistics After Entropy-Balancing 
	

	
	
	Treat
	Control
	

	
	
	mean
	variance
	skewness
	mean
	variance
	skewness
	

	
	SIZE
	7.319
	3.209
	0.475
	7.318
	2.820
	0.699
	

	
	LEV
	21.480
	290.400
	1.092
	21.480
	334.100
	1.456
	

	
	MTB
	4.557
	2149.000
	3.784
	4.557
	508.400
	6.598
	

	
	ROE
	26.350
	11673.000
	14.460
	26.350
	6429.000
	7.108
	

	
	Salesgrowth
	9.283
	1062.000
	12.780
	9.283
	388.700
	1.389
	

	
	B_size
	8.599
	4.884
	0.630
	8.599
	4.129
	1.032
	

	
	B_ind
	61.340
	178.000
	-0.581
	61.340
	154.900
	-0.540
	

	
	B_activity
	8.402
	6.252
	1.242
	8.402
	7.394
	2.214
	

	
	AC_size
	3.657
	0.983
	1.260
	3.657
	0.700
	1.118
	

	
	AC_ind
	98.060
	83.130
	-6.072
	98.060
	58.690
	-3.974
	

	
	AC_activity
	4.273
	2.149
	1.778
	4.273
	2.861
	2.348
	

	
	CEOTEN
	6.143
	32.800
	2.138
	6.143
	31.790
	2.145
	

	
	CEO_duality
	0.022
	0.022
	6.487
	0.022
	0.022
	6.485
	

	
	CEO_age
	53.100
	41.520
	0.387
	53.100
	42.960
	0.404
	

	
	Panel C: Regression Results of the Association Between NDT and Board Gender Diversity
	

	
	Model (1)
	Model (2)
	Model (3)

	
	Dependent variable=Net_tone

	BD
	0.004**
	0.015**
	-0.122***

	
	(2.201)
	(2.243)
	(-2.627)

	Board_tenure
	
	0.038*
	

	
	
	(1.779)
	

	BD × Board_tenure
	
	-0.003**
	

	
	
	(-2.162)
	

	Board_age
	
	
	-0.055***

	
	
	
	(-3.618)

	BD × Board_age
	
	
	0.002***

	
	
	
	(2.652)

	SIZE
	0.003
	-0.002
	0.003

	
	(0.263)
	(-0.162)
	(0.234)

	LEV
	-0.002***
	-0.001
	-0.001

	
	(-3.170)
	(-0.964)
	(-0.853)

	MTB
	-0.000
	-0.001
	-0.001

	
	(-1.585)
	(-1.388)
	(-0.939)

	ROE
	0.000
	-0.000
	-0.000

	
	(1.617)
	(-0.380)
	(-0.505)

	Salesgrowth
	0.005***
	0.004***
	0.004***

	
	(5.685)
	(3.250)
	(2.872)

	B_size
	0.007
	-0.024**
	-0.024**

	
	(1.057)
	(-2.456)
	(-2.444)

	B_ind
	-0.001
	0.002
	0.002

	
	(-0.961)
	(1.285)
	(1.505)

	B_activity
	-0.009**
	-0.004
	-0.006

	
	(-2.173)
	(-0.519)
	(-0.744)

	AC_size
	0.041***
	0.023
	0.020

	
	(3.358)
	(1.287)
	(1.134)

	AC_ind
	0.006***
	0.003
	0.003

	
	(3.821)
	(1.217)
	(1.011)

	AC_activity
	-0.034***
	-0.032*
	-0.029*

	
	(-4.017)
	(-1.863)
	(-1.728)

	CEOTEN
	0.002
	0.007**
	0.005

	
	(0.779)
	(2.069)
	(1.472)

	CEO_duality
	0.015
	0.039
	0.024

	
	(0.301)
	(0.385)
	(0.217)

	CEO_age
	-0.002
	0.000
	0.004

	
	(-1.124)
	(0.161)
	(1.304)

	Constant
	-0.689***
	-0.644*
	2.543***

	
	(-3.777)
	(-1.771)
	(2.743)

	Year Fixed Effects
	YES
	YES
	YES

	Industry Fixed Effects
	YES
	YES
	YES

	Observations
	1794
	608
	608

	R2
	0.156
	0.282
	0.290

	adj. R2
	0.141
	0.246
	0.255

	F
	11.138
	7.174
	7.194


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.












Table 7:  Two-stage least squares (2SLS) regression results
	
	First Stage
	Second Stage

	
	Model (1)
	Model (2)

	
	DV=BD
	DV=Net_tone

	BD
	
	0.006**

	
	
	(2.519)

	Mean_BD
	1.018***
	

	
	(39.286)
	

	Median_BD
	0.438***
	

	
	(6.124)
	

	SIZE
	0.077
	0.006

	
	(0.752)
	(0.724)

	LEV
	0.003
	-0.002***

	
	(0.500)
	(-3.856)

	MTB
	0.003
	-0.000*

	
	(0.661)
	(-1.714)

	ROE
	0.002*
	0.000**

	
	(1.720)
	(2.208)

	Salesgrowth
	-0.001
	0.005***

	
	(-0.173)
	(5.113)

	B_size
	0.070
	0.010

	
	(0.924)
	(1.490)

	B_ind
	0.023**
	-0.002

	
	(2.028)
	(-1.611)

	B_activity
	-0.036
	-0.010***

	
	(-0.776)
	(-2.810)

	AC_size
	0.239*
	0.035***

	
	(1.692)
	(2.805)

	AC_ind
	-0.022
	0.006***

	
	(-1.236)
	(4.112)

	AC_activity
	-0.089
	-0.033***

	
	(-1.020)
	(-4.533)

	CEOTEN
	-0.005
	0.001

	
	(-0.246)
	(0.564)

	CEO_duality
	0.676
	0.023

	
	(0.963)
	(0.452)

	CEO_age
	0.012
	-0.002

	
	(0.594)
	(-1.268)

	Constant
	-11.493***
	-0.690***

	
	(-5.013)
	(-3.942)

	Year Fixed Effects
	YES
	YES

	Industry Fixed Effects
	YES
	YES

	Observations
	1794
	1794

	R2
	0.583
	0.135

	adj. R2
	0.576
	0.120

	F
	79.422
	11.693

	Durbin–Wu–Hausman statistic
	
	2.966*

	(Test of endogeneity)
	
	

	Under-identification Test (p-value)
	367.221***
	

	Weak Instrument Test: Partial
	
	

	Cragg–Donald Wald F Statistic
	797.794
	


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.
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[bookmark: _Hlk192008112]Table 8: Regression results of the association between NDT and board gender diversity following the critical mass perspective with a minimum presence of women
	
	Model (1)
	Model (2)
	Model (3)

	
	Dependent Variable= Net_tone

	BD
	0.004**
	0.017***
	-0.106**

	
	(2.537)
	(2.726)
	(-2.542)

	Board_tenure
	
	0.043**
	

	
	
	(2.170)
	

	BD × Board_tenure
	
	-0.003***
	

	
	
	(-2.614)
	

	Board_age
	
	
	-0.049***

	
	
	
	(-3.608)

	BD × Board_age
	
	
	0.002**

	
	
	
	(2.577)

	SIZE
	0.008
	-0.007
	-0.001

	
	(0.915)
	(-0.539)
	(-0.038)

	LEV
	-0.002***
	-0.001
	-0.001

	
	(-3.863)
	(-1.518)
	(-1.559)

	MTB
	-0.000*
	-0.001
	-0.001

	
	(-1.704)
	(-1.588)
	(-1.159)

	ROE
	0.000**
	0.000
	0.000

	
	(2.324)
	(0.228)
	(0.173)

	Salesgrowth
	0.005***
	0.004***
	0.004***

	
	(5.243)
	(4.324)
	(3.973)

	B_size
	0.009
	-0.019**
	-0.019**

	
	(1.446)
	(-2.089)
	(-2.057)

	B_ind
	-0.002
	0.001
	0.001

	
	(-1.558)
	(0.607)
	(0.899)

	B_activity
	-0.010***
	-0.012*
	-0.014**

	
	(-2.886)
	(-1.841)
	(-2.218)

	AC_size
	0.039***
	0.023
	0.017

	
	(3.209)
	(1.301)
	(1.021)

	AC_ind
	0.007***
	0.004
	0.003

	
	(4.455)
	(1.355)
	(1.274)

	AC_activity
	-0.033***
	-0.021
	-0.019

	
	(-4.606)
	(-1.497)
	(-1.339)

	CEOTEN
	0.002
	0.007**
	0.004

	
	(0.856)
	(2.184)
	(1.203)

	CEO_duality
	0.027
	0.030
	0.016

	
	(0.547)
	(0.308)
	(0.152)

	CEO_age
	-0.003**
	0.001
	0.005*

	
	(-1.979)
	(0.448)
	(1.684)

	Year Fixed Effects 
	YES
	YES
	YES

	Industry Fixed Effects
	YES
	YES
	YES

	Constant
	-0.659***
	-0.648*
	2.200***

	
	(-3.853)
	(-1.880)
	(2.604)

	Observations
	1860
	637
	637

	R-sq
	0.141
	0.237
	0.238

	adj. R-sq
	0.127
	0.200
	0.202

	F
	12.576
	8.172
	8.198


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.















































Table 9: Regression results of the association between NDT and board gender diversity: Critical Mass Theory
	
	Model (1)
	Model (2)
	Model (3)
	Model (4)
	Model (5)

	
	Dependent variable=Net_tone

	Womenless10%
	0.018
	
	
	
	

	
	(0.757)
	
	
	
	

	Women10%
	
	-0.018
	
	
	

	
	
	(-0.757)
	
	
	

	Women20%
	
	
	0.047**
	
	

	
	
	
	(2.179)
	
	

	Women30%
	
	
	
	0.083***
	

	
	
	
	
	(2.660)
	

	Women40%
	
	
	
	
	0.178***

	
	
	
	
	
	(2.965)

	SIZE
	0.017**
	0.017**
	0.014*
	0.014*
	0.015*

	
	(2.149)
	(2.149)
	(1.850)
	(1.905)
	(1.960)

	LEV
	-0.002***
	-0.002***
	-0.002***
	-0.002***
	-0.002***

	
	(-4.439)
	(-4.439)
	(-4.375)
	(-4.497)
	(-4.468)

	MTB
	-0.000
	-0.000
	-0.000
	-0.000
	-0.000

	
	(-0.750)
	(-0.750)
	(-0.751)
	(-0.742)
	(-0.329)

	ROE
	0.000***
	0.000***
	0.000**
	0.000**
	0.000**

	
	(2.657)
	(2.657)
	(2.442)
	(2.481)
	(2.357)

	Salesgrowth
	0.002**
	0.002**
	0.002**
	0.002**
	0.002**

	
	(2.354)
	(2.354)
	(2.370)
	(2.366)
	(2.376)

	B_size
	0.003
	0.003
	0.002
	0.003
	0.004

	
	(0.520)
	(0.520)
	(0.309)
	(0.454)
	(0.618)

	B_ind
	-0.003**
	-0.003**
	-0.003***
	-0.003**
	-0.003**

	
	(-2.462)
	(-2.462)
	(-2.589)
	(-2.565)
	(-2.459)

	B_activity
	-0.004
	-0.004
	-0.004
	-0.004
	-0.004

	
	(-1.207)
	(-1.207)
	(-1.226)
	(-1.067)
	(-1.081)

	AC_size
	0.053***
	0.053***
	0.049***
	0.049***
	0.049***

	
	(4.475)
	(4.475)
	(4.377)
	(4.291)
	(4.263)

	AC_ind
	0.004***
	0.004***
	0.004***
	0.004***
	0.004***

	
	(3.471)
	(3.471)
	(3.437)
	(3.447)
	(3.422)

	AC_activity
	-0.036***
	-0.036***
	-0.035***
	-0.036***
	-0.036***

	
	(-5.471)
	(-5.471)
	(-5.352)
	(-5.492)
	(-5.489)

	CEOTEN
	0.002
	0.002
	0.002
	0.002
	0.002

	
	(0.872)
	(0.872)
	(0.839)
	(0.875)
	(0.852)

	CEO_duality
	-0.018
	-0.018
	-0.018
	-0.016
	-0.020

	
	(-0.400)
	(-0.400)
	(-0.404)
	(-0.366)
	(-0.458)

	CEO_age
	-0.003**
	-0.003**
	-0.003**
	-0.003**
	-0.003**

	
	(-2.067)
	(-2.067)
	(-2.075)
	(-2.073)
	(-2.041)

	Constant
	-0.431***
	-0.412***
	-0.351**
	-0.371***
	-0.393***

	
	(-3.190)
	(-3.108)
	(-2.573)
	(-2.759)
	(-2.952)

	Year Fixed Effects 
	YES
	YES
	YES
	YES
	YES

	Industry Fixed Effects
	YES
	YES
	YES
	YES
	YES

	Observations
	2435
	2435
	2435
	2435
	2435

	R-sq
	0.099
	0.099
	0.101
	0.102
	0.102

	adj. R-sq
	0.088
	0.088
	0.090
	0.090
	0.091

	F
	14.558
	14.558
	14.661
	14.641
	14.756


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.





































Table 10: Additional Analysis: Regression results of the association between executive directors’ NDT and board gender diversity
	
	Model (1)
	Model (2)
	Model (3)

	
	Dependent variable=Executive_Net_tone

	BD
	0.004**
	0.016**
	-0.080*

	
	(2.113)
	(2.479)
	(-1.766)

	Board_tenure
	
	0.042**
	

	
	
	(2.006)
	

	BD × Board_tenure
	
	-0.003**
	

	
	
	(-2.329)
	

	Board_age
	
	
	-0.045***

	
	
	
	(-2.955)

	BD × Board_age
	
	
	0.001*

	
	
	
	(1.794)

	SIZE
	0.023**
	0.021
	0.028*

	
	(2.363)
	(1.343)
	(1.807)

	LEV
	-0.003***
	-0.002**
	-0.002**

	
	(-5.175)
	(-2.476)
	(-2.405)

	MTB
	-0.000
	-0.001
	-0.001

	
	(-1.059)
	(-1.615)
	(-1.238)

	ROE
	0.000*
	0.000
	0.000

	
	(1.826)
	(0.816)
	(0.813)

	Salesgrowth
	0.005***
	0.003***
	0.003**

	
	(4.692)
	(2.991)
	(2.542)

	B_size
	0.005
	-0.029***
	-0.028***

	
	(0.793)
	(-2.758)
	(-2.633)

	B_ind
	-0.002
	0.000
	0.001

	
	(-1.264)
	(0.135)
	(0.409)

	B_activity
	-0.007
	-0.004
	-0.006

	
	(-1.644)
	(-0.549)
	(-0.807)

	AC_size
	0.046***
	0.033*
	0.026

	
	(3.555)
	(1.730)
	(1.417)

	AC_ind
	0.006***
	0.003
	0.003

	
	(3.894)
	(1.143)
	(1.031)

	AC_activity
	-0.034***
	-0.016
	-0.013

	
	(-4.579)
	(-1.090)
	(-0.887)

	CEOTEN
	0.001
	0.004
	0.002

	
	(0.510)
	(1.383)
	(0.683)

	CEO_duality
	0.013
	-0.093
	-0.107

	
	(0.266)
	(-0.990)
	(-1.049)

	CEO_age
	-0.003*
	0.002
	0.007**

	
	(-1.733)
	(0.826)
	(2.065)

	Constant
	13.346***
	13.200***
	15.747***

	
	(76.459)
	(36.342)
	(16.891)

	Year Fixed Effects 
	YES
	YES
	YES

	Industry Fixed Effects
	YES
	YES
	YES

	Observations
	1794
	608
	608

	R-sq
	0.131
	0.181
	0.185

	adj. R-sq
	0.116
	0.140
	0.144

	F
	11.403
	5.145
	5.471


Notes: Superscript asterisks ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively; coefficient values are shown with robust t-statistics in parentheses; variable definitions are provided in Appendix A. Source(s): Created by Authors.






Appendix A: Definition of variables 
	Variables
	Explanation
	Definitions

	Dependent variable 

	Net_tone
	Narrative disclosure tone 
	Number of (positive words–negative words) divided by the total number of words in an annual report.

	Research Variable 

	BD
	Board Diversity 
	Percentage of females on board of directors.

	Firm-level control variables

	Size
	Firm’s size
	Natural logarithm of total assets at the end of the fiscal year.

	LEV
	Financial leverage 
	Total assets scaled by total liability.

	MTB
	Market-to-book ratio 
	Market price to book value ratio.

	ROE
	Return on equity 
	Total income divided by total equity. 

	Salesgrowth 
	Sales growth 
	Change in sales compared with the previous fiscal year.

	Firm-level corporate governance variables

	B_size
	Board size
	Number of members on the board of directors.

	B_ind
	Board independence 
	Percentage of independent directors on the board.

	B_activity 
	Board activities 
	Number of board meetings per year.

	AC_size
	Audit committee size
	Number of members on the audit committee.

	AC_ind
	Audit committee independence 
	Percentage of independent members in the audit committee.

	AC_activity 
	Audit committee activity 
	Number of audit committee meetings per year.	

	CEOTEN
	CEO tenure 
	Number of years CEO has held the position.

	CEO_duality 
	CEO duality 
	A binary variable equal to 1 if a CEO is also the chair, 0 otherwise

	CEO_age
	CEO age 
	CEO’s age

	Moderating variables 

	Board_tenure
	Board Tenure
	Average number of years board members have held the position

	Board_age
	Board age 
	Average age of board members.

	Instrumental variables 

	Mean_BD
	Average value of board diversity 
	Year–industry average of peer firms’ board diversity.

	Median_BD
	Median value of board diversity 
	Year–industry median of peer firms’ board diversity.

	Additional analysis dependent variables 

	Executive_Net_tone
	Executives’ narrative disclosure
	Number of (positive words–negative words) in the executives’ sections (operational and financial review, chairman statements, CEO letters to shareholders), divided by the total number of words of that section.

	Critical Mass Theory variables

	Womenless10%
	Less than 10% of women
	The dummy variable is equal to 1 if the percentage of women on the corporate board is below 10, and 0 otherwise.

	Women10%
	at least or higher than 10% of women
	The dummy variable is equal to 1 if the percentage of women on the corporate board is at least or higher than 10%, and 0 otherwise.

	Women20%
	at least or higher than 20% of women
	The dummy variable is equal to 1 if the percentage of women on the corporate board is at least or higher than 20%, and 0 otherwise.

	Women30%
	at least or higher than 30% of women
	The dummy variable is equal to 1 if the percentage of women on the corporate board is at least or higher than 30%, and 0 otherwise.

	Women40%
	at least or higher than 40% of women
	The dummy variable is equal to 1 if the percentage of women on the corporate board is at least or higher than 40%, and 0 otherwise.


Source(s): Created by Authors.





