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ABSTRACT

Green innovation involves both environmental protection and significant risk, posing a strategic challenge for top manage-
ment. Existing research provides inconclusive evidence on the influence of executive gender on green innovation, particularly
within family firms. Drawing on role congruity theory and socioemotional wealth theory, this study investigates the impact
of female CEOs on green innovation in Chinese listed family firms from 2010 to 2021. Employing OLS regressions with year
and industry fixed effects, we demonstrate that female CEOs inhibit green innovation compared to male counterparts. This
finding remains robust after addressing endogeneity through propensity score matching, instrumental variable methods, and
difference-in-differences estimation, as well as after various robustness tests. Female leadership representation, family control,
and male offspring involvement mitigate this negative relationship, while regional gender inequality exacerbates it. Notably,
the inhibitory effect disappears when family control exceeds 55%. Furthermore, female CEOs tend to substitute green innova-
tion with corporate social responsibility activities. Our study expands the understanding of the boundary conditions for female
leadership decisions and provides empirical insights into the role of female executives in shaping sustainable development in
family firms.

1 | Introduction positive impact while others indicate a negative one. These con-

tradictions may arise from theoretical divergence and method-

Green innovation plays a pivotal role in facilitating corporate
green transformation by enabling cost-effective environmental
protection (Adams et al. 2016; Atif et al. 2020). Upper echelon
theory posits that the demographic characteristics of top lead-
ers, such as gender, influence their cognitive patterns and strate-
gic decisions (Ryan 2017; Arena et al. 2018). However, previous
studies present conflicting findings on the relationship between
female executives and green innovation, with some suggesting a

ological inconsistencies.

Social role theory suggests that the socialization process
endows female executives with heightened ethical sensi-
tivity, thereby promoting environmental protection (Eagly
and Johannesen-Schmidt 2001; Eagly et al. 2003). Empirical
studies show that female directors or CEOs promote green
innovation (He and Jiang 2019; Nadeem et al. 2020; Javed

Abbreviations: CEOs, chief executive officers; CNRDS, Chinese Research Data Services; CSMAR, China Stock Market & Accounting Research; CSR, corporate social

responsibility; SEW, socioemotional wealth; SOEs, state-owned enterprises.
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et al. 2023), greenhouse gas disclosure (Ben—-Amar et al. 2017;
Hollindale et al. 2019), and environmental performance
(Cordeiro et al. 2020). In contrast, risk aversion theory argues
that female executives are more conservative in decision-
making (Croson and Gneezy 2009; Huang and Kisgen 2013).
Some studies show that female executives significantly inhibit
green innovation (Ma et al. 2022; Tang and Li 2024). Inferring
female executives' decision-making solely from gender traits
overlooks their simultaneous leadership roles. When societal
expectations of gender roles conflict with those of leadership,
the impact on strategic decision-making remains unclear.
Thus, role congruity theory may offer a more appropriate the-
oretical framework (Eagly and Karau 2002).

Methodological inconsistencies further complicate these find-
ings. First is divergent operationalization of “female execu-
tives.” Some studies narrowly focus on the proportion of female
directors (He and Jiang 2019; Nadeem et al. 2020), though
McGuinness et al. (2017) note that the presence of women on
boards does not guarantee active decision-making participation
and may be influenced by gender quotas. Second is variability in
measuring green innovation. Nadeem et al. (2020) proxy green
innovation through environmental innovation scores from the
ASSET4 database, while most studies adopt green patents to
measure green innovation. They identify green patents with
their own keywords in patent databases (He and Jiang 2019; Ma
et al. 2022; Javed et al. 2023; Tang and Li 2024). The subjectiv-
ity inherent in keyword-based green patent classification raises
reliability concerns.

Existing research also inadequately addresses contextual contin-
gencies shaping the relationship between executive gender and
green innovation. Family firms are characterized by the inter-
twining of business and family systems, with strategic decision-
making primarily influenced by the socioemotional wealth
objectives of controlling families (Lumpkin and Brigham 2011;
Miller and Breton-Miller 2014). This unique context renders
family firms an especially valuable sample for examining green
innovation decisions. However, existing research has not suf-
ficiently addressed the distinctiveness of family firms (Li and
Tang 2010).

To address these gaps, based on the role congruity theory
and socioemotional wealth theory, we examine the impact
of female chief executive officers (CEOs) on green innovation
among Chinese listed family firms from 2010 to 2021. As the
principal strategist and decision-maker, the CEO's influence
surpasses that of other executive team members (Jeong and
Harrison 2017). Moreover, the CEO's role often extends to direc-
torships and key board committees, enhancing their impact be-
yond that of a typical board member. By focusing on the gender
of core decision-makers, our research design offers a more pre-
cise theoretical explanation for the relationship between female
leadership and green innovation. Furthermore, for measuring
green innovation, we utilize data from the Chinese Research
Data Services (CNRDS) database, which provides standardized
annual records of listed firms' green patent applications and
grants, including document numbers, application dates, and ap-
proval timelines. CNRDS data, increasingly adopted in recent
studies (Wang, Ma, et al. 2023; W. Zhang et al. 2024), reduce
classification bias and enhance comparability.

Our study investigates two research questions: (1) Do female
CEOs promote or inhibit green innovation in family firms? (2)
What are the moderating factors influencing the association be-
tween female CEOs and green innovation? We find that female
CEOs engage in less green innovation compared to male coun-
terparts. Our results indicate that female leadership represen-
tation, family control, and male offspring involvement mitigate
this negative relationship, while regional gender inequality ex-
acerbates it.

Our study contributes to the literature in two ways. First,
drawing on role congruity theory, we analyze the relation-
ship between female CEOs and green innovation, emphasiz-
ing the conflict between gender roles and leadership roles
faced by female CEOs in strategic decision-making. While the
pro-environmental orientation of women's gender roles may
promote green innovation, their risk-averse tendencies may
inhibit it. However, previous research has not fully explored
the potential negative impact of socially constructed leader-
ship roles on female CEOs' green innovation behavior. Our
study highlights that organizational gender discrimination
can intensify female CEOs' concerns regarding the legitimacy
of their leadership, prompting a greater focus on job security
over environmental initiatives and resulting in less green in-
novation compared to male CEOs. Moreover, the moderating
effects of regional gender inequality and female leadership
representation further support role congruity theory, which
emphasizes prejudice against female leaders.

Second, we extend the application of socioemotional wealth
(SEW) theory to the context of green innovation in family
firms. We show that the pursuit of extended SEW, such as fam-
ily succession intentions, can mitigate the negative association
between female CEOs and green innovation. Conversely, when
family control is low, controlling families may avoid green inno-
vation to prevent potential threats to their control, in line with
restricted SEW goals. As family control increases, the inhibiting
effect of female CEOs on green innovation diminishes. Notably,
when family control surpasses a threshold of 55%, female CEOs
no longer inhibit green innovation.

The rest of this study is organized as follows. In Section 2, we
conduct a theoretical analysis and develop our hypotheses.
Section 3 outlines the sample selection and research methodol-
ogy. Section 4 presents the results of various empirical analyses,
while Section 5 concludes the study.

2 | Theoretical Model and Hypothesis
Development

We construct our theoretical framework using role congruity
theory and socioemotional wealth theory (see Figure 1). Drawing
on role congruity theory, we develop our main hypothesis that
female CEOs inhibit green innovation. Then, we examine four
moderators influencing the relationship between female CEOs
and green innovation. Drawing on role congruity theory, we an-
alyze the moderating effects of regional gender inequality and
female leadership representation. Grounded in socioemotional
wealth theory, we assess how family control and male offspring
involvement shape this association.
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FIGURE1 | Theoretical model.

2.1 | Female CEOs' Impact on Green Innovation

2.1.1 | Role Congruity Theory and Female CEOs’
Green Innovation

Female CEOs embody both female and leadership roles. Role
congruity theory posits that individuals with multiple social
roles may face conflicting expectations (Katz and Kahn 1978).
Leadership stereotypes typically align with male traits (indepen-
dence, proactivity, confidence), which contrast with traditional
female stereotypes (dependence, compliance, collectivism).
This disparity leads to prejudice against female leaders, affect-
ing their effectiveness and legitimacy (Eagly and Karau 2002).
Women who ascend to CEO positions often confront a double
bind: if they exhibit feminine traits, they are perceived as weak,
but if they display typical leadership traits, they are criticized for
being unfeminine (Becker and Eagly 2004). This dilemma un-
dermines their authority and support within the organization,
ultimately impacting company performance and their profes-
sional legitimacy (Glass and Cook 2016; Vial et al. 2016).

According to role congruity theory, female CEOs face a higher
termination risk compared to their male counterparts. The CEO
position, associated with high compensation and social status,
leads to managerial entrenchment to retain these positions. In
male-dominated corporations, women have lower chances of
being promoted to senior management positions, let alone CEO
roles. Statistics show that only about 5.7% of CEOs in Chinese
listed companies are female (Javed et al. 2023), underscoring
the rarity and associated pressures of such positions for women.
Hence, female CEOs may prioritize managerial entrenchment
over other considerations, including environmental initiatives
(Wang, Reilly, et al. 2022).

Green innovation, which requires substantial investment and
long-term commitment, presents additional challenges. If a fe-
male CEO fails to meet short-term profit targets, her capabili-
ties may be scrutinized, compelling her to prioritize proving her
worth in the managerial market. Thus, considerations of career
safety often take precedence over environmental concerns, lead-
ing female CEOs to avoid high-risk green innovation.

2.1.2 | Female CEOs and Green Innovation in
Family Firms

Despite family firms employing more female executives than non-
family businesses (Credit Suisse 2014), female CEOs in family firms

remain a minority (Chadwick and Dawson 2018). Global evidence
reveals a persistent preference for male successors in family firms,
with parental expectations directly shaping succession criteria and
outcomes (Haberman and Danes 2007; Otten-Pappas 2013). Even
in countries with high gender equality, primogeniture persists as
a prevalent issue. For instance, Bennedsen et al. (2007) demon-
strate that in Danish family firms, the frequency of intra-family
transitions of control to firstborn daughters is substantially lower
as compared to firstborn sons. At the same time, it seems that the
incumbent's gender-biased preferences are reduced under critical
events in the family that lead to an unplanned succession (Ahrens
et al. 2015). Although egalitarian family cultures may increase
daughters' representation in senior management, they rarely
translate into CEO appointments (Barrett and Moores 2009), re-
flecting enduring ambiguity around female succession in family
firms (Overbeke et al. 2013).

If daughters are given the opportunity to manage family firms,
they will face the ambiguity between family roles and business
roles (Dumas 1992; Hollander and Bukowitz 1990). In the fam-
ily context, daughters are often seen as “daddy's little girl.” This
family role may hinder them from becoming strong and inde-
pendent managers in the company (Dumas 1998). Meanwhile,
the social stereotype is that sons, rather than daughters, are the
successors of family firms. Therefore, when daughters attempt to
take on the CEO position, they must establish a new and strong
leadership identity; otherwise, they may face challenges from
non-family employees and questioning of their leadership roles
by other stakeholders (Deng 2015). Hytti et al. (2017) show that
daughters aspiring to succeed will “negotiate” between gender
roles and leadership roles, having to deal with societal expec-
tations of gender roles while proving their suitability for lead-
ership roles. Female CEOs of family firms may develop a strong
defensive management mentality, feeling a more urgent need to
safeguard their leadership positions. As a result, they tend to be
cautious about high-risk, slow-payoff green innovations.

Cultural context significantly shapes role congruity dynam-
ics. For thousands of years, China have been dominated by
the Confucian patriarchal hierarchy. Traditional Confucian
culture emphasizes the “Three Obediences and Four Virtues”
for women and asserts that “women are inferior to men.”
This ideology prescribed a structural gender inequality, con-
fining Chinese women to a lower social status than men
throughout their lives (Taylor and Choy 2005). Furthermore,
Confucianism proclaims that a wife's primary duty is to assist
her husband and raise children. This has cultivated enduring
gender role stereotypes, such as “think manager, think male”
(Chizema et al. 2015; Koenig et al. 2011). These stereotypes
remain a significant barrier to the appointment of female di-
rectors and executives. Despite substantial improvements in
women's social status in recent decades, gender discrimina-
tion persists in the labor market. This is manifested through
hiring biases and a widening gender pay gap after employment
(Chi and Li 2014; J. Zhang et al. 2021). Consequently, deeply
entrenched gender role stereotypes, rooted in Confucian her-
itage, exacerbate the conflict between female CEOs' gender
roles and their leadership roles in China.

The ownership nature of enterprises also affects role congruity
dynamics. Since the Paris Agreement, the Chinese government
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has prioritized environmental protection and implemented car-
bon emission control policies. State-owned enterprises (SOEs)
are more actively aligned with the government's priorities and
participate in environmental initiatives (Li and Tang 2010). In
contrast, family firms are not obligated to meet such social ob-
jectives as environmental protection. SOEs are required to take
on part of the government's environmental goals, which encour-
ages their female CEOs to engage in green innovation practices.
In this context, the female leadership roles and gender roles
are synergistically consistent. However, female CEOs in fam-
ily firms lack this external force, so they are more cautious in
assessing the potential risks that green innovation may pose to
their positions.

Drawing on role congruity theory, we posit that female CEOs
in family firms prioritize leadership legitimacy and job secu-
rity over environmental stewardship. To consolidate authority
and demonstrate managerial competence, they avoid high-risk
innovations with uncertain returns. Coupled with the lack of
external environmental mandates akin to SOEs, this dynamic
suppresses green innovation. Therefore, we propose the first
hypothesis:

Hypothesis 1. Family firms with female CEOs display a
lower level of green innovation than family firms with male CEOs.

2.2 | Moderating Effect on Female CEOs-Green
Innovation Relationship

2.2.1 | Moderating Effect of Regional Gender Inequality

The institutional perspective on management states that
firms, as well as individual managers, are embedded in an in-
stitutional environment that shapes their actions and affects
the outcomes of these actions (Scott 2008). More specifically,
informal norms alter the costs and gains of economic activi-
ties by influencing transaction costs and resources. Following
this institutional perspective, Hoch and Seyberth (2022)
demonstrate that gender inequality weakens the positive ef-
fect of gender diversity on firms' market valuation, and Amore
et al. (2014) show the positive effect of female interactions on
profitability is reduced when the firm is located in areas char-
acterized by gender prejudices.

Accordingly, institutions play a moderating role in the re-
lationship between female CEOs and green innovation.
Drawing on role congruity theory, female CEOs engage in
less green innovation due to the conflict between their gender
roles and leader roles. We posit that regional gender inequal-
ity exacerbates the negative relationship by identifying this
conflict. The socio-cultural environment, through customs
and popular discourses, generates normative concepts that
subsequently define the social status and behavioral norms
of both sexes in both public and private spheres (Yang 2017).
China's vast geographic and cultural diversity—shaped by
historical, linguistic, religious, and demographic factors
(Zhao et al. 2015)—has led to pronounced regional dispari-
ties in gender norms. For instance, regions dominated by
multi-generational single-surname clans often exhibit rigid
adherence to traditional patriarchal norms. In contrast, areas

characterized by mixed-surname immigrant communities
tend to adopt more flexible social conventions. While gender
equality has improved nationally, significant regional imbal-
ances persist, with some regions even regressing toward tradi-
tional adages such as “marrying well supersedes professional
success.”

In regions with progressive gender role perceptions, the social
roles and decision-making preferences of male and female lead-
ers converge. Conversely, in areas entrenched with “male supe-
riority” cultural traditions, women's social roles remain distinct
from men's, and female leaders often exhibit more conservative
personality traits. This divergence amplifies the glass ceiling for
female CEOs in patriarchal regions, where job insecurity moti-
vates risk-averse strategies. Given green innovation's high up-
front costs and delayed returns, female CEOs in such contexts
are more likely to avoid it. This rationale proposes Hypothesis 2:

Hypothesis 2. Regional gender inequality exacerbates the
negative relationship between female CEOs and green innovation
in family firms.

2.2.2 | Moderating Effect of Female Leadership
Representation

Individuals define themselves based on their membership in
specific groups, such as gender, race, class, and occupation.
After self-categorization and comparison with other groups, in-
dividuals gradually develop a sense of identity associated with
their belonging to a particular group (Hogg et al. 1995). Due to
gender identity, female interactions have been shown to benefit
women. Prior studies document that female directors increase
the likelihood that firms will appoint female CEOs (Wang
and Kelan 2013; You 2019), female board chairs (Wang and
Kelan 2013), and female share among top executives (Matsa and
Miller 2011).

According to role congruity theory, female CEOs engage in less
green innovation due to the conflict between their gender roles
and leader roles. However, we posit that female leadership rep-
resentation fosters a more positive working relationship among
women, thereby mitigating the negative impact of female CEOs
on green innovation. First, female executives may enhance self-
esteem and reduce the psychological burden for female CEOs
operating in a male-dominated leadership environment (Koenig
et al. 2011). Second, a critical mass of women in leadership also
encourages cooperation and information exchange (Amore
et al. 2014), enabling female CEOs to advocate more effectively
for green innovation. Their interactions with female CEOs en-
hance women's pro-environmental inclinations and bolster their
“confidence” in making green innovation decisions. Generally,
a higher representation of female leadership implies more fe-
male interaction and a diminished influence of male executives,
thereby reducing female CEOs' job insecurity associated with
the risks of green innovation. Based on this analysis, we propose
Hypothesis 3:

Hypothesis 3. Female leadership representation mitigates
the negative relationship between female CEOs and green inno-
vation in family firms.
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2.2.3 | Moderating Effect of Family Control

Family firms are distinctive in that their objectives are shaped
not only by economic goals but also by the emotional priori-
ties of the controlling family, known as socioemotional wealth
(SEW). Miller and Breton-Miller (2014) divide SEW priorities
into those that are of narrow and short-term benefit to the family
(restricted SEW) and those that are of more enduring benefit to a
broader range of stakeholders (extended SEW).

Restricted SEW primarily focuses on maintaining family con-
trol, leading family firms to adopt conservative approaches
in high-risk situations. Green innovation, which requires
substantial initial investments, often necessitates external fi-
nancing (equity or debt), potentially diluting family control or
introducing creditor oversight that could threaten this control
(Miroshnychenko et al. 2022). In emerging economies, where
the government often controls essential innovation resources,
securing these resources for green innovation becomes more
challenging, thus heightening the perceived risks (Musacchio
and Lazzarini 2014). Hence, green innovation is seen as a threat
to restricted SEW, resulting in a diminished propensity for inno-
vation in family firms.

Family voting right often reflects family control. A higher
family voting right implies a broader “moat” of control, which
mitigates the impact of external financing for green innova-
tion on restricted SEW. In such scenarios, the controlling fam-
ily may be more open to green innovation, evident in actions
such as granting the CEO greater authority for green R&D in-
vestments and providing better resources for the company's
green transformation. Additionally, there may be a relaxation
in assessing the CEO's performance targets during the green
innovation phase. Since innovation inherently involves risks,
a family willing to share these risks could alleviate a female
CEO's concerns about how innovation failure might affect
her position's legitimacy, thereby increasing her inclination
towards green innovation. Based on these observations, we
propose the fourth hypothesis:

Hypothesis 4. Family control mitigates the negative relation-
ship between female CEOs and green innovation in family firms.

2.2.4 | Moderating Effect of Male Offspring
Involvement

Regarding extended SEW, priorities include investing in a firm
to enhance a family's reputation with stakeholders, forming
sustaining relationships with partners to increase the chances
of firm survival, and investing in the community to ensure
an abundance of goodwill toward the family and its business
(Cennamo et al. 2012). In this case, the rewards accrue not
merely to the family, but to other stakeholders as well. The ben-
efits to the business may be of a more long-term nature (Miller
and Breton-Miller 2014).

While investments in innovation and environmental protec-
tion may initially burden family businesses, they can yield
substantial long-term benefits, including performance im-
provement and the maintenance of the family's reputation and

status. Hence, family firms that value extended SEW generally
adopt a positive attitude towards green innovation strategies
(Aragon-Correa and Sharma 2003). They perceive innova-
tion activities as crucial for enhancing the firm's long-term
competitive advantage, rather than merely as cost-increasing,
high-risk activities, and are thus more receptive to the risks
associated with green innovation. Additionally, the environ-
mental aspect of green innovation can improve the favorability
of the family business among consumers, communities, and
governments, furthering goals like enhancing family reputa-
tion and promoting intergenerational succession. Therefore,
family businesses emphasizing extended SEW typically adopt
a long-term perspective and are more supportive of green in-
novation initiatives. This support creates a conducive envi-
ronment for female CEOs, reducing their concerns about the
potential negative impacts of green innovation risks on their
job security, alleviating mental stress, and fostering a greater
inclination towards green innovation.

Existing literature uses the intention for generational succession
as a proxy for extended SEW. This intention is a special value
indicating the family firm owners' desire to continue the busi-
ness across generations (Chua et al. 1999). It embodies the fam-
ily's long-term orientation, guiding the family to focus on the
long-term growth of the business (Lumpkin and Brigham 2011;
Chrisman and Patel 2012). To achieve this, family firms must
balance the interests of family and non-family members, in-
ternal and external stakeholders, and maintain long-term co-
operative relationships with these stakeholders. The intention
for family succession is the driving force that motivates family
firms to uphold the family's reputation and consider the wel-
fare of shareholders, communities, and other stakeholders (Pan
et al. 2018). The involvement of family male offspring in firm
management signifies not only an intention to perpetuate the
business but also the initiation of substantive succession pro-
cesses. These firms exhibit reduced susceptibility to short-term
economic pressures, thereby creating a conducive environment
for CEO-driven green innovation. Conversely, under China's
traditional “sons first” succession norm, male offspring's mana-
gerial participation signals to female CEOs that their leadership
role is transitional, as the firm will ultimately transition to the
“legitimate” male heir. This dynamic alleviates female CEOs'
concerns about job security risks associated with innovation,
enabling them to pursue green initiatives more assertively in
alignment with their values. Therefore, we propose the fifth
hypothesis:

Hypothesis 5. The involvement of family male offspring mit-
igates the negative relationship between female CEOs and green
innovation in family firms.

3 | Data and Methodology
3.1 | Sample Selection and Data Source

We analyze data from all A-share non-financial family firms
listed on the Shenzhen and Shanghai stock exchanges from
2010 to 2021. The criteria for identifying family firms are the
following: (1) the ultimate controller! is an individual or a fam-
ily connected by blood or marriage; (2) two or more family
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members with kinship hold shares or serve as executives; (3) the
ultimate controller owns at least 10% of the firm's voting rights
(Rodriguez-Ariza et al. 2016; Islam et al. 2022). After identify-
ing the initial sample, we exclude firms in abnormal trading sta-
tus (ST,*ST, PT) and those with missing data, resulting in a final
sample of 10,468 firm-year observations.

The literature commonly adopts green patents as an indica-
tor of green innovation (He and Jiang 2019; Ma et al. 2022;
Javed et al. 2023; Tang and Li 2024). These studies identify
green patents with their own keywords in patent databases.
The subjectivity inherent in keyword-based green patent clas-
sification raises reliability concerns. In contrast, our green
patent data are sourced from the Chinese research data ser-
vices (CNRDS) database, which mitigates subjectivity biases
associated with keyword-dependent green patent analyses.
Additionally, we gather data on CEO gender and other control
variables from the China stock market & accounting research
(CSMAR) database. Both the CNRDS and CSMAR databases
are widely used in China-focused research. To mitigate the ef-
fect of outliers, we winsorize all continuous variables at the
top and bottom 1%.

3.2 | Measures of Variables

According to the National Intellectual Property
Administration, green patents are categorized into three types:
invention patents, utility model patents, and design patents.
Among these, green invention patents are considered more
technically challenging and have higher practical application
value, making them a more accurate measure of a company's
substantive innovation level (Li and Yu 2022). Therefore, we
use the number of green invention patents independently ap-
plied for by the firm within the year as the measure of green
innovation. To mitigate the effects of heteroscedasticity, we
use the logarithmically transformed values as proxy variables
for the dependent variable (GI).

Our key variable, Gender, indicates whether the firm has a
female CEO. We also incorporate four moderating variables
for cross-sectional analyses. At the macro level, we utilize
the provincial gender inequality index (Inequality) from the
Chinese General Social Survey 2010,2 calculated as the mean
of all survey responses within each province, where higher
scores denote greater gender inequality. At the firm gover-
nance level, we measure female leadership representation
(FLR) as the proportion of women serving on the board of di-
rectors, board of supervisors, and executive team. Following
Piyasinchai et al. (2024), we employ two family-related mod-
erators: Control, measured as the ultimate controller's voting
right to assess family control, and Son, a binary variable to
measure male offspring involvement, coded as “1” if the ul-
timate controller's son is in the executive team, and “0”
otherwise.

Consistent with prior literature (Ma et al. 2022; Javed et al. 2023),
we control for firm, governance, and CEO characteristics. Firm-
level controls include six variables: firm size (Size), measured
as the natural logarithm of total assets, as research indicates its
influence on innovation performance and knowledge creation

capabilities (Halme and Korpela 2014); return on assets (ROA),
calculated as net profit divided by total assets; leverage (Lev),
measured as the ratio of total liabilities to total assets; sales
growth (SG), reflecting operating revenue growth; operating
cash flow (CF), computed as the ratio of operating cash flow to
total assets; and firm age (Firm_Age), measured as the natural
logarithm of the firm's age.

Governance-level controls comprise three variables. Board size
(Board) is included as directors contribute valuable social cap-
ital and information resources (Hillman et al. 2000). The pro-
portion of independent directors (Indir) is measured as their
ratio to total board members, as independent directors typically
prioritize social responsibility over economic performance and
may advocate for long-term sustainability investments (Post
et al. 2011). Institutional investor ownership (Insf) is included
because long-term institutional investors often promote envi-
ronmental governance through shareholder activism (Dyck
et al. 2019). CEO-related controls measure CEO power, which
influences decision-making implementation (Finkelstein 1992):
CEO duality (CEO_Duality), tenure (CEO_Tenure), and age
(CEO_Age).

Additionally, whether a firm adopts green innovation is influ-
enced by its industry and region (Huang and Li 2017). We control
for industry characteristics through a binary variable indicating
heavily polluting industries (Pollution), and regional factors
through the proportion of provincial environmental protection
expenditure (Prov_Env), calculated as provincial environmental
protection spending divided by total general budget expendi-
ture. Industry and year fixed effects are included to account for
cross-sectional and temporal variations. Variable definitions are
provided in Appendix I.

3.3 | Empirical Models

‘We conduct OLS regressions with year and industry fixed effects
to test the hypotheses. All of the standard errors are robust and
clustered at the industry level. Equation (1) is used to test the
effect of female CEOs on green innovation (Hypothesis 1). GI
is the dependent variable, and Gender is the key variable that
indicates whether the CEO is female. Controls are a set of con-
trol variables. All independent variables are lagged by 1year to
alleviate the endogeneity problem.

GI; ;= py+ B;Gender;,_, + Controls, , +Year FE

@®
+Industry FE+¢;,

We include the interaction term Gender*Moderator to test the
moderating effects. The moderator includes the gender inequal-
ity index (Inequality), female leadership representation (FLR),
ultimate controller’s voting right (Control), and an indicator of
whether the ultimate controller's son is absent from the execu-
tive team (Son).

GI, ;= By + B, Gender; ,_, + f,Moderator;, ,
+ B;Gender;,_,*Moderator;,_, + Controls,_, @)

+Year FE+Industry FE+¢;,
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3.4 | Descriptive Statistics and Correlation

Table 1 presents the descriptive statistics. In our sample of
listed family firms, 9.27% have female CEOs, a figure signifi-
cantly higher than the 5.7% reported by Javed et al. (2023) for
all listed firms in China. However, there are only about nine
female CEOs for every 100 family firms, suggesting that it is
still challenging for women to climb to the top position of fam-
ily firms.

The mean value of green innovation after logarithmic trans-
formation is 0.1885, with a standard deviation of 0.5392, in-
dicating large discrepancies across family firms. During the
sample period, the mean board size, post-logarithmic trans-
formation, is 2.0798, with 4.17% being independent directors.
The mean CEO tenure, after logarithmic transformation,
is 3.5365, and the mean CEO age, similarly transformed, is
3.8746.

The results of Pearson correlations between the variables are
provided in Appendix II. Female CEO is negatively correlated
with green innovation, consistent with our prediction. In addi-
tion, the correlation between all independent variables is within
an acceptable range. We further calculate the variance inflation
factors (VIFs). The average VIFs are 1.20, substantially under
the general cutoff of 10. Thus, multicollinearity is unlikely to be
a concern in our study.

TABLE1 | Descriptive statistics (N=10,468).

4 | Results and Discussion
4.1 | Regression Results and Discussion

Table 2 presents the baseline regression results. In Column (1),
the coefficient of Gender is —0.0348, significant at the 1% level. It
indicates that female CEOs in family firms have an economically
significant effect on green innovation by decreasing 18.46% (=co-
efficient of Gender/the average patents =0.0348/0.1885 ~ 18.46%)
in green invention patents compared to male CEOs. This result
is consistent with Hypothesis 1. Our observation of a negative
association between female CEOs and green innovation contra-
dicts social role theory, which predicts a positive relationship,
while aligning with risk aversion theory and role congruity the-
ory. Prior studies (Ma et al. 2022; Tang and Li 2024) argue that
the negative impact of female CEOs on green innovation is at-
tributed to women's risk aversion. However, we propose that role
congruity theory may hold more explanatory power in the con-
text of family firms. The moderating effect of regional gender
inequality and female leadership representation could further
corroborate our argument.

Among the control variables, firm size, ROA, CEO age, and
CEO duality are positively associated with green innovation,
while firm age and sales growth show negative relationships.
These results suggest that larger family firms with higher ROA
are more inclined to invest in green innovation, and older, more

Variable Mean SD Min p50 Max

GI 0.1885 0.5392 0.0000 0 5.8319
Gender 0.0927 0.2900 0.0000 0 1.0000
Inequality 1.7474 0.2792 0.5117 1.7427 2.2290
FLR 0.2110 0.1242 0.0000 0.2000 0.5455
Control 0.4121 0.1561 0.1266 0.4024 0.7661
Son 0.4181 0.4933 0.0000 0 1.0000
Size 21.7141 0.9844 19.9838 21.6043 24.6611
ROA 0.0577 0.0570 —0.1578 0.0542 0.2322
LEV 0.3542 0.1847 0.0460 0.3382 0.8092
SG 0.1874 0.6123 —0.9305 0.1224 4.0949
CF 0.0489 0.0683 —0.1521 0.0482 0.2339
Firm_Age 2.7007 0.3966 1.3863 2.7726 3.4012
Board 2.0798 0.1820 1.6094 2.1972 2.4849
Indir 0.4166 0.1096 0.3333 0.4000 0.8571
Inst 0.3442 0.2570 0.0008 0.3078 0.8701
CEO_Dual 0.4116 0.4922 0.0000 0 1.0000
CEO_Tenure 3.5365 1.0196 0.0000 3.7408 5.0795
CEO_Age 3.8746 0.1574 3.4340 3.8918 4.2047
Pollution 0.3907 0.4879 0.0000 0 1.0000
Prov_Env 0.0285 0.0082 0.0132 0.0273 0.0567
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(Continued)

TABLE 2

Dependent variable: GI

©)

8)
Yes

Yes

)]

) 3) @) ) ©)
Yes Yes Yes Yes Yes

Yes

@

Yes

Industry FE

10,468 10,468 10,468 10,468 10,468 10,468 10,468 10,468

10,468

Observations

Adj. R?

0.0947 0.0947 0.0955 0.0955 0.0949 0.0956 0.0973 0.0973

0.0948

Note: This table reports the OLS regression results for Equations (1) and (2). The dependent variable is green innovation (GI). See Table 1 for the definition of variables. The robust stand errors clustered in industries are in

parentheses.

seoksk ok

, and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

5

powerful CEOs may possess the influence or resources neces-
sary to advance such efforts. These findings align with prior
studies (Nadeem et al. 2020; Ma et al. 2022; Tang and Li 2024).
However, our analysis reveals a notable divergence: firm lever-
age exhibits a statistically significant positive effect on green
innovation, contrasting with Ma et al. (2022), who report an in-
significant relationship, and Nadeem et al. (2020), who identify
a negative association. This discrepancy may be attributable to
differences in sample composition, such as variations in geo-
graphic scope or time periods studied.

Columns (2) and (3) introduce the gender inequality index
(Inequality) and its interaction with the explanatory variable
(Gender*Inequality). The coefficient of the interaction term in
Column (3) is significantly negative (—0.0581, p <0.05), suggest-
ing that a one standard deviation increase in gender inequality
(0.2792) is associated with an 8.6% reduction in green invention
patents for firms led by female CEOs (—0.0581*0.2792/0.1885
~—8.61%). This finding indicates that higher gender inequal-
ity—reflecting greater discrimination against women—ampli-
fies the negative effect of female CEOs on green innovation,
thereby supporting Hypothesis 2. This result aligns with previ-
ous studies, which demonstrate that gender inequality weakens
the positive effect of gender diversity on firms' market valuation
(Hoch and Seyberth 2022) and profitability (Amore et al. 2014).
While both risk aversion theory and role congruity theory pre-
dict a negative impact of female CEOs on green innovation, only
role congruity theory anticipates the negative moderating effect
of gender inequality. Hence, this moderating test further sub-
stantiates the validity of role congruity theory.

Columns (4) and (5) investigate the female leadership represen-
tation (FLR) and its interaction term (Gender*FLR). The interac-
tion term in Column (5) shows a statistically significant positive
coefficient (0.1596, p<0.1). In economic terms, a one standard
deviation increase in female leadership representation (0.1242)
corresponds to a 10.52% rise in green invention patents for firms
with female CEOs (0.1596*0.1242/0.1885 ~ 10.52%). This finding
suggests that greater female representation in leadership miti-
gates the adverse impact of female CEOs on green innovation,
consistent with Hypothesis 3. This result aligns with prior re-
search indicating that female interaction benefits women by
helping other women reach management positions (Matsa and
Miller 2011; Wang and Kelan 2013; You 2019). According to role
congruity theory, female CEOs engage in less green innovation
due to the conflict between their gender roles and leader roles.
Increased female leadership representation mitigates this neg-
ative relationship by fostering a more supportive environment
for female CEOs. Notably, this finding contradicts risk aversion
theory. If this theory holds, more women in leadership indi-
cates greater female interaction and exhibits higher risk aver-
sion, which would exacerbate the negative association between
female CEOs and green innovation. However, the observed
moderating effects of female leadership representation suggest
otherwise. Instead, they provide robust evidence in support of
role congruity theory.

Columns (6) and (7) examine family control (Control) and its in-
teraction (Gender*Control). The coefficient of the interaction term
in Column (7) is significantly positive (0.3574, p<0.01), implying
that a one standard deviation increase in family control (0.1561) is

e
(=]
[*))
co
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associated with a 29.60% increase in green invention patents for
firms led by female CEOs (0.3574*0.1561/0.1885~29.60%). This
finding indicates that higher family control mitigates the nega-
tive impact of female CEOs on green innovation. Our evidence
supports Hypothesis 4. Our result is consistent with Rodriguez—
Ariza et al. (2016) and suggests that greater family control pro-
vides a more supportive environment for female CEOs, reducing
their performance-related concerns and encouraging them to
increase green innovation initiatives. The finding that fam-
ily control mitigates the negative relationship between female
CEOs and green innovation confirms the validity of restricted
SEW goals.

Columns (8) and (9) analyze the effects of the involvement
of the ultimate controller's son (Som) and its interaction
(Gender*Son). The interaction term in Column (9) exhibits
a significantly positive coefficient (0.0301, p<0.1), implying
that firms led by female CEOs experience a 15.97% increase
in green invention patents when male offspring are involved
(0.0301/0.1885~15.97%). The result indicates that the in-
volvement of the ultimate controller's son lessens the nega-
tive impact of female CEOs on green innovation, supporting
Hypothesis 5. This result aligns with Pan et al. (2018), who
show that family firms engage in more corporate philan-
thropy in connection with family firm succession. Family
firms focused on intergenerational succession are more likely
to adopt a long-term perspective, thereby mitigating the nega-
tive impact of female CEOs on green innovation. Our findings
provide empirical support for extended SEW goals. In sum-
mary, the moderating effect of family control and family firm
succession provides evidence supporting the SEW theory.

4.2 | Endogeneity Concerns

The results discussed above are based on a regression model
with the explanatory variable lagged by one period, which helps
mitigate some endogeneity issues. However, the relationship be-
tween female CEOs and green innovation in family firms may
still be influenced by endogeneity concerns such as model spec-
ification errors, self-selection bias, and omitted variable bias.
We employ propensity score matching (PSM), two-stage least
squares (2SLS), and difference-in-differences (DID) to address
these issues.

4.2.1 | Propensity Score Matching

The influence of female CEOs on green innovation may be af-
fected by model specification errors, such as the omission of
quadratic and interaction terms. To mitigate issues related to
functional form misspecification, we employ propensity score
matching (PSM) methods.

We take firms with female CEOs as our experimental sample
and use PSM to construct a control sample comprising firms
run by male CEOs with highly similar characteristics. For
matching, we run a probit regression for female CEOs (Gender)
on the control variables in Equation (1). We use the propen-
sity scores obtained from the probit regression and perform
one-to-one nearest neighbor matching without replacement.

We then rerun Equation (1) on the PSM sample. Column (1)
of Table 3 shows that the coefficient of Gender is negative and
significant (—0.0373, p<0.1). Overall, these findings after pro-
pensity score matching are basically similar to our baseline re-
sults, suggesting that they are unlikely to be driven by model
misspecification.

4.2.2 | Two-Stage Least Squares (2SLS) Estimation

Family firms with insufficient green innovation might appoint a
female CEO to gain legitimacy, which causes reverse causality.
To alleviate this endogeneity concern, we employ the Two-Stage
Least Squares (2SLS) estimation, using the divorce rate (the total
number of divorces divided by the total population) in the firm's
registered province as the instrumental variable. The area with
a higher divorce rate indicates a stronger female employment
(Kalmijn and Poortman 2006). As a result, women are more
likely to engage in business operations, potentially increasing
the likelihood of a female serving as CEO. Furthermore, this
variable is exogenous to the firm's green innovation, making
it suitable as an instrumental variable. Columns (2) and (3) of
Table 3 present the results of the 2SLS estimation. The coeffi-
cient of the instrumental variable (Divorce) is positive and signif-
icant, indicating that the instrumental variable is relevant. The
F statistic is 278.817, higher than the recommended value of 10.
At the same time, the weak identification test shows that the
Cragg-Donald Wald F statistic is 65.641, above the Stock-Yogo
critical values. The coefficient of Gender in the second-stage
model remains significantly negative, consistent with our base-
line results.

Following Schopohl et al. (2021), we also use the proportion of
female CEOs in each industry for a given year (Female_Ind) as
the instrumental variable in the first-stage model. The propor-
tion of female CEOs in the industry affects a firm's likelihood
of hiring a female CEO. We argue that there are no obvious
economic reasons underlying the direct impact of the indus-
trial proportion of female CEOs on a firm's green innovation.
Columns (4) and (5) present the results. In the first-stage regres-
sion, the variable Female_Ind is positively associated with the
choice of female CEOs in family firms, while satisfying the ex-
ogeneity requirement. In the second-stage regression, the coef-
ficient of Gender remains significantly negative, consistent with
our baseline results.

4.2.3 | Difference-in-Differences Estimation

In the baseline regressions presented in Table 2, we control
for various observable characteristics that are shown to affect
earnings management in the literature. However, unobservable
time series changes contemporaneous with CEO changes could
also affect green innovation, which possibly makes our results
spurious. Following Francis et al. (2015), we apply difference-
in-differences (DID) estimation to mitigate the endogeneity
concern.

The DID estimation compares green innovation before and
after male-to-female CEO transitions with a control sample of
male-to-male transitions. Our final sample comprises 97 CEO
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TABLE 3 | Tests of PSM, 2SLS, and DID.

PSM 2SLS (IV = Divorce) 2SLS (IV=Female_Ind) DID
GI Gender GI Gender GI GI
@ @ ©)] @ ©) ©
Gender —0.0373* —0.9904*** —0.5285%**
(0.0203) (0.3580) (0.1615)
v 0.0215%** 0.8531%+**
(0.0044) (0.1292)
Transition —0.0333*
(0.0165)
Size/ASize 0.0572%** —0.0065 0.0917#** —0.0066* 0.0943%+* 0.0729**
(0.0156) (0.0040) (0.0090) (0.0040) (0.0092) (0.0274)
ROA/AROA 0.5141%** 0.0443 0.6704%** 0.0475 0.6479%** 0.0321
(0.1578) (0.0647) (0.0971) (0.0647) (0.0975) (0.1628)
LEV/ALEV 0.1298* —0.0315 0.1601%*** —-0.0314 0.1764%** 0.0561
(0.0692) (0.0201) (0.0339) (0.0201) (0.0326) (0.1060)
SG/ASG —0.0156 0.0018 —0.0184** 0.0026 —0.0192** —0.0029
(0.0129) (0.0051) (0.0081) (0.0051) (0.0081) (0.0185)
Firm_Age/AFirm_Age —0.0434 0.0176** —0.0525%** 0.0178** —0.0609%** 0.0137
(0.0289) (0.0082) (0.0152) (0.0082) (0.0148) (0.0788)
CF/ACF —0.3261** 0.0313 —-0.0227 0.0253 —0.0338 0.4012%**
(0.1527) (0.0499) (0.0827) (0.0496) (0.0820) (0.1185)
Board/ABoard —0.0078 —0.0886%** —0.0903* —0.0863%*** —0.0503 —-0.1619
(0.0525) (0.0174) (0.0481) (0.0174) (0.0342) (0.1271)
Indir/AIndlir —-0.1067 0.0146 —0.0345 0.0104 —0.0391 —-0.0622
(0.0837) (0.0275) (0.0512) (0.0274) (0.0512) (0.0834)
Inst/Alnst 0.0964** -0.0114 —0.0252 —0.0104 —0.0195 —0.2419*
(0.0418) (0.0122) (0.0202) (0.0122) (0.0196) (0.1279)
CEO_Duality/ACEO_Duality 0.0080 —0.0585%** —-0.0259 —0.0584%** 0.0014 —0.0233
(0.0247) (0.0063) (0.0221) (0.0063) (0.0144) (0.0209)
CEO_Tenure/ACEO_Tenure —0.0075 0.0070** 0.0053 0.0064** 0.0021 0.0184#**
(0.0130) (0.0028) (0.0055) (0.0028) (0.0051) (0.0056)
CEO_Age/ACEO_Age 0.1917*** —0.0159 0.0387 —-0.0125 0.0448 0.0418**
(0.0565) (0.0200) (0.0303) (0.0201) (0.0300) (0.0145)
Pollution/APollution —0.1553%%* —0.0082 —0.1748%** —0.0063 —0.1715%** 0.0328
(0.0229) (0.0062) (0.0121) (0.0062) (0.0116) (0.0276)
Pro_Env/APro_Env —0.4663 0.6248 2.6675%%* 0.8537** 2.2809%** —-1.8619
(1.2976) (0.3854) (0.7429) (0.3841) (0.6951) (2.4143)
Intercept —1.7752%%* 0.3408%** —1.8867%** 0.3077*** —2.0449%%* —0.0075
(0.4187) (0.1145) (0.2381) (0.1144) (0.2211) (0.0203)
(Continues)
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TABLE 3 | (Continued)

PSM 2SLS (IV = Divorce) 2SLS (IV=Female_Ind) DID
GI Gender GI Gender GI GI
@ @ ©)] @ ©) ©
Year FE Yes Yes Yes Yes Yes No
Industry FE Yes Yes Yes Yes Yes No
N 1940 10,468 10,468 10,468 10,468 964
Adj. R? 0.1075 0.0288 0.0989 0.0324 0.0987 0.0277

Note: Columns (1) report regression results after PSM, respectively. Columns (2) and (3) present the 2SLS results using the divorce rate in the firm's registered province
as the instrumental variable. Columns (4) and (5) present the 2SLS results using the percentage of female CEOs in the industry for a given year as the instrumental
variable. Column (6) reports the results of difference-in-differences estimation. The robust stand errors clustered in industries are in parentheses.

*** ** and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

transitions from male to female and 867 CEO transitions from
male to male. We create a dummy variable Transition, which
equals one if a firm experiences a male-to-female CEO transi-
tion and zero otherwise. We use Equation (3) to conduct DID
estimation.

AGI = B, + B, Transition + AControls + € 3

AGI is the absolute difference between the mean value of
green innovation for the post-transition period and the pre-
transition period. The control variables are the same as those
in Equation (1), while we use the mean differences instead
of actual values. That is, AControls is the difference between
the mean value of the control variable for the post-transition
period and the pre-transition period. DID estimation helps us
to interpret the coefficient on Transition as the average differ-
ence in green innovation for a firm with the average sample
characteristics. Moreover, it is less likely to suffer from multi-
collinearity problems compared to the traditional DID model
that uses actual values of variables and interaction terms
(Francis et al. 2015).

We report the results of DID estimation in Column (6) of Table 3.
The coefficient of Transition is negative and significant at the
1% level. Compared to male CEOs, female CEOs engage in less
green innovation following CEO transitions. Our DID estima-
tion results indicate a causal effect of CEO gender on green
innovation.

4.3 | Robustness Checks
4.3.1 | Alternative Regression Models

Given that the number of green invention patents is a count
variable that only takes non-negative integers, employing the
Negative Binomial and Poisson regression may be more appro-
priate. In the new regressions, we use the number of green in-
vention patents (GI1) rather than the logarithmic transformation
as our dependent variable. The results presented in Columns (1)
and (2) of Table 4 confirm a significant negative correlation be-
tween female CEOs and green innovation in family firms when
using alternative regression models.

4.3.2 | Alternative Measures of Green Innovation

In the baseline regression, we use the number of green inven-
tion patents independently applied for by the firm to measure
green innovation. To further validate the robustness, we adopt
two alternative measures for green innovation: GI2 and GI3. GI2
is identified as the industry average adjusted GI. GI3 is calcu-
lated as the natural logarithm of the sum of green invention and
utility model patents independently applied for by the firm plus
one. We use the new dependent variables to rerun the regres-
sions of Table 4. The results in Columns (3) and (4) of Table 4
suggest that our findings are robust to alternative measures of
green innovation.

4.3.3 | Alternative Definition of Family Firms

To assess the robustness of our findings, we examine whether
alternative definitions of family firms affect the results. In the
baseline analysis, we define family firms using a 10% control
threshold. Following prior studies (Lozano et al. 2016; Wei and
Chen 2023), we reclassify family firms using a 15% control crite-
rion. As shown in Column (4) of Table 4, the results remain con-
sistent, confirming that our hypotheses are robust to alternative
definitions of family firms.

4.3.4 | Including Non-Family Firms

Our study focuses on family firms, and whether the incentive
of female CEOs to engage in a lower level of green innovation
being contingent on ownership type (family vs. non-family)
is worth further investigation. We include non-family firms
in our sample to provide empirical evidence. Column (1) of
Table 5 reveals a negative and significant coefficient for
Gender (—0.0290, p < 0.01) across the entire sample, indicating
that female CEOs are generally associated with lower levels of
green innovation. In societies with lower gender equality, fe-
male CEOs encounter the “glass ceiling” in both family firms
and non-family firms. To preserve their tenuous leadership
positions, they may suppress pro-environmental inclinations
to avoid innovation-related risks that could jeopardize their
job security.
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TABLE 4 | Robust tests.

Negative Green innovation Alternative
binomial Poisson Industry-adjusted including invention and definition of
regression regression green innovation utility model patents family firms
GI1 GI1 GI2 GI3 GI
@ @ (€) @ ©)
Gender —0.3916** —0.9398%** —0.0350** —0.0236* —0.0278**
(0.1537) (0.2021) (0.0121) (0.0114) (0.0111)
Inalpha 2.2389%**
(0.0477)
Controls Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
Observations 10,468 10,468 10,468 10,468 10,468
Pseudo R?/Adj. R 0.0755 0.3458 0.0580 0.1250 0.0977

Note: This table reports the robust results for Equation (1). Columns (1) and (2) present the Negative Binomial and Poisson regression results, respectively. The
dependent variable (GII) is the number of green invention patents independently applied for by the firm. Columns (3) and (4) present the OLS results of alternative
measures of green innovation. GI2 is identified as the industry average adjusted GI. GI3 is calculated as the natural logarithm of the sum of green invention and utility
model patents independently applied for by the firm plus one. Column (5) shows the results for family firms using a 15% control criterion. The robust stand errors
clustered in industries are in parentheses. The control variables are the same as those in Column (1) of Table 2.

*** ** and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

TABLE 5 | Tests for including non-family firms.

Dependent variable: GI

Full Family Non-family
sample firms firms
@ (0] 3
Gender —0.0290***  —0.0348*** 0.0386
(0.0091) (0.0116) (0.0330)
Controls Yes Yes Yes
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Observations 22,071 10,468 11,603
Adj. R? 0.1322 0.0952 0.1858

Note: Column (1) reports the results of full sample. Columns (2) and (3) present
the results for family firms and non-family firms, respectively. The control
variables are the same as those in Column (1) of Table 2. The robust stand errors
clustered in industries are in parentheses.

w4 and * indicate statistical significance at the 1%, 5%, and 10% level,
respectively.

In Column (2), which focuses on the family firms, the coeffi-
cient of Gender is significantly negative, aligning with baseline
regression results. However, Column (3) reveals an insignificant
relationship between female CEOs and green innovation in non-
family firms. This divergence may stem from the predominance
of state-owned enterprises (SOEs) in the non-family firm sample
(Usman et al. 2018). Unlike family firms, SOEs must align with
government environmental objectives, which may take prece-
dence over economic goals when conflicts arise. This alignment

potentially provides a more conducive environment for female
CEOs to engage in green innovation compared to family firms.
Nevertheless, female CEOs in SOEs remain a minority group,
which may still have concerns about job security. We posit that
these two mechanisms—alignment with government objectives
and job security concerns—exert opposing effects on the green
innovation behavior of female CEOs in non-family firms. The
challenge of identifying the dominant mechanism may explain
the statistically insignificant association observed.

4.4 | Further Tests
4.4.1 | Boundary Conditions for Family Control

To further investigate the “moat effect” of family control on the
relationship between female CEOs and green innovation, we in-
troduce four dummy variables (Control25, Control35, Control45,
and Control55) based on thresholds of family control exceeding
25%, 35%, 45%, and 55%, respectively. The interaction terms be-
tween these moderating variables and the explanatory variable
(Gender) are incorporated into the models. The results, as shown
in Panel A of Table 6, reveal the following: (1) The coefficients
of all interaction terms are significantly positive, affirming the
robustness of the moderating effect of family control; (2) while
the coefficients of the interaction terms are positive when family
control is below 45%, none surpass the coefficient of Gender; (3)
when family control exceeds 55%, the coefficient of the inter-
action term is 0.1513, surpassing the absolute value of the co-
efficient of Gender (—0.0736). This suggests that at this level of
family control, the “moat effect” is substantial enough to miti-
gate the dilution of control in family firms due to high-risk in-
vestments in green innovation.
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TABLE 6 | Further tests.

Panel A: Boundary conditions for family control

Dependent variable: GI

X=25% X=35% X=45% X=55%
@) () 3) @)
Gender —0.1482%** —0.0812%* —0.0637*** —0.0736%**
(0.0313) (0.0295) (0.0183) (0.0196)
ControlX —0.0491** 0.0005 —0.0093 —0.0365%**
(0.0216) (0.0116) (0.0094) (0.0075)
Gender*ControlX 0.1315%** 0.0639* 0.0630%** 0.1513%**
(0.0307) (0.0312) (0.0198) (0.0255)
Controls Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Observations 10,468 10,468 10,468 10,468
Adj. R? 0.0959 0.0949 0.0949 0.0961
Panel B: Tests for alternative strategy
GI CSR
@ )]
Gender —0.0348*** 1.1427%**
(0.0116) (0.2120)
Controls Yes Yes
Year FE Yes Yes
Industry FE Yes Yes
Observations 22,071 10,468
Adj. R? 0.0948 0.2625

Note: Panel A shows the results of different family control. The variables Control25%, Control35%, Control45%, and Control55% are based on thresholds of family
control exceeding 25%, 35%, 45%, and 55%, respectively. Panel B reports the comparative results of green innovation and corporate social responsibility. The control
variables are the same as those in Column (1) of Table 2. The robust stand errors clustered in industries are in parentheses.

4% and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

4.4.2 | Female CEOs' Strategic Substitution: CSR as an
Alternative Pathway

Drawing on role congruity theory, we provide empirical evidence
that female CEOs in family firms avoid green innovation—a
high-risk, long-cycle investment—to safeguard their leadership
positions. We postulate that female CEOs may exhibit gender-
congruent traits through other socially responsible behaviors,
such as philanthropy and employee care, thereby enhancing
their reputation and social influence while balancing the con-
flict between their gender and leadership roles. To explore this
proposition, we investigate the relationship between CEO gen-
der and corporate social responsibility (CSR) in family firms.

This study utilizes the CSMAR database’'s Corporate Common
Prosperity Research Data—a composite CSR score derived from
seven rigorously weighted indicators: employee sharing, cus-
tomer sharing, shareholder sharing, partner sharing, benign
competition, tax contributions, and public welfare charity.?

This metric comprehensively captures CEOs' prioritization of
both internal and external stakeholder interests. In Panel B of
Table 6, Column (2) shows that female CEOs in family firms are
significantly positively correlated with corporate social respon-
sibility (coefficient=1.1421, p<0.01). Based on the congruence
between gender and leadership roles, female CEOs in family
firms are likely to substitute green innovation strategies with
CSR strategies.

5 | Conclusion and Implication
5.1 | Conclusion

We integrate role congruity theory and socio-emotional wealth
theory to investigate the relationship between female CEOs and
green innovation in Chinese family firms from 2010 to 2021.
Employing OLS regressions with year and industry fixed ef-
fects, we demonstrate that female CEOs engage in less green
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innovation compared to male counterparts. To address poten-
tial functional form misspecification, we employ propensity
score matching. Moreover, we mitigate endogeneity concerns
stemming from self-selection bias and unobservable factors
using 2SLS model and difference-in-differences estimation,
with results corroborating our primary conclusions. Robustness
checks—including alternative regression models, diverse green
innovation metrics, and varying definitions of family firms—
further validate these findings. Our analysis identifies four
moderating factors: female leadership representation, family
control, and male offspring involvement mitigate the negative
association, whereas regional gender inequality exacerbates it.
Notably, female CEOs do not inhibit green innovation when
family control exceeds 55%. Moreover, female CEOs tend to
substitute green innovation with corporate social responsibility
strategies.

5.2 | Theoretical Contributions

This study provides three theoretical contributions. First, this
study advances role congruity theory by examining its implica-
tions for female CEOs navigating dual social expectations. The
theory posits that alignment with role expectations enhances
approval, job satisfaction, and performance, while misalign-
ment triggers conflict and stress. Female CEOs face a unique
contradiction: they must reconcile societal expectations of their
gender roles with those of their leadership roles. In gender-
discriminatory environments, our findings reveal that female
CEOs prioritize conformity to leadership role expectations
while subtly integrating gender-specific traits through alterna-
tive strategies. For example, while reducing green innovation
may conflict with women's pro-environmental inclinations,
female CEOs may instead emphasize stakeholder engagement
through corporate social responsibility (CSR) initiatives to align
with gender role expectations.

Second, this study disentangles the competing explanations
of role congruity theory and risk aversion theory in shaping
female CEOs' green innovation decisions. While both theories
suggest female CEOs inhibit green innovation, our modera-
tion analysis reveals critical distinctions. Regional gender in-
equality exacerbates the negative relationship between female
CEOs and green innovation, supporting role congruity theo-
ry's assertion that prejudice against female leaders diminishes
their engagement in such initiatives. Additionally, female
leadership representation mitigates this negative relationship,
contradicting risk aversion theory's premise that increased fe-
male representation heightens risk aversion. These findings
collectively underscore role congruity theory as the dominant
framework for understanding female CEOs' green innovation
behavior.

Third, this research extends Socioemotional wealth (SEW) the-
ory to green innovation management in family firms. When
role congruity theory predicts a negative relationship between
female CEOs and green innovation in family firms, SEW the-
ory elucidates the boundary conditions of this relationship.
Controlling families with restricted SEW objectives often in-
hibit green innovation to preserve their authority. In contrast,
families with extended SEW objectives actively promote green

innovation and proactively adjust executive performance eval-
uations, thereby mitigating the gender-leadership role conflict
faced by female CEOs. Notably, when family control exceeds
55%, this marks a transition from restricted to extended SEW
objectives, enabling female CEOs to avoid suppressing green
innovation. These findings identify the type of SEW objectives
as a significant moderator of gender-leadership role conflict for
female CEOs in family firms.

5.3 | Practical Implications

This study provides valuable insights for family firms and pol-
icymakers. First, our findings reveal that female CEOs in fam-
ily firms inhibit green innovation due to the gender-leadership
conflict, and increased gender diversity in leadership mitigates
this negative effect. Accordingly, we suggest that family firms
committed to green innovation support female leaders through
measures such as extending performance evaluation periods
and establishing sustainability committees. Additionally, fam-
ily firms could actively recruit more women into leadership po-
sitions, including the board of directors, senior management,
and supervisory board, to foster a more female-friendly envi-
ronment. These recommendations are especially important for
innovation-intensive family firms, which should empower fe-
male leaders to serve as effective advocates for environmental
initiatives.

Second, this study reveals that family ownership and intergener-
ational succession amplify female CEOs' pursuit of green inno-
vation. This finding suggests that policymakers should consider
the heterogeneity among family firms and tailor support mech-
anisms for those demonstrating long-term orientation. Specific
policy instruments could include prioritizing green technology
products or services from such firms in government procure-
ment and offering fiscal incentives like “low-interest loans for
green innovation” or “green innovation tax credits.” These mea-
sures would align private-sector innovation incentives with so-
cietal sustainability goals.

Finally, this study highlights the moderating influence of fe-
male leadership representation and regional gender equality.
These underscore the need for policymakers to advance gen-
der parity through public interventions that legitimize wom-
en's leadership roles. Given the current absence of legal gender
diversity mandates for corporate boards, we recommend im-
plementing female director quotas within corporate gover-
nance regulations. Furthermore, local governments could
facilitate annual forums, such as “Women's Leadership and
Sustainable Development Forums”, to disseminate best prac-
tices in green innovation pioneered by female leaders. Such
initiatives, by addressing cultural barriers, can unlock the
potential of female executives to drive the innovation toward
ecological value creation.

5.4 | Limitations and Future Research
Despite its contributions, this study has several limitations that

suggest avenues for future research. First, the findings are sit-
uated within the cultural and institutional context of Chinese
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family firms, which may constrain their generalizability. While
significant progress has been made in gender equity in China,
enduring gender disparities in traditional Chinese society—par-
ticularly the glass-ceiling effect that restricts women's advance-
ment—may uniquely shape female CEOs' strategic choices. By
contrast, Western family firms operating in environments with
stronger gender parity norms might yield divergent outcomes.
Future research could extend the investigation to a broader
range of countries and regions and verify the applicability of our
findings. Second, the exclusive focus on listed family firms in-
troduces potential biases, as these entities differ markedly from
non-listed small and medium-sized enterprises in their struc-
tural characteristics, decision-making frameworks, and stra-
tegic priorities. To address this, further studies should analyze
how female CEOs in unlisted family firms navigate green inno-
vation to develop a more nuanced cross-organizational perspec-
tive. Finally, the reliance on secondary data limits our ability to
empirically test the mediating mechanisms underlying female
CEOs' influence on green innovation. Future work could adopt
multi-method approaches, such as in-depth interviews and sur-
veys, to validate the specific mechanisms through which female
CEOs influence green innovation in family firms.
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Endnotes

IChinese listed firms are required to disclose their ultimate con-
trollers in their annual reports. According to the China Securities
Regulatory Commission (CSRC) regulations, the ultimate controller is
defined as an entity that can effectively control the firm's operations
through investment relationships, contractual agreements, or other
arrangements.

2The China General Social Survey assesses individual attitudes toward
gender equality through five questions, each rated on a 5-point scale:
(1) Men give priority to their careers while women give priority to their
families; (2) female employees are given priority for dismissal during eco-
nomic downturns, (3) it is better to have a good marriage than a good
job; (4) men are naturally more capable than women; (5) Husbands and
wives should share household chores. For the first four items, higher
scores indicate lower gender equality, while for the fifth item, higher
scores reflect greater gender equality. These indicators measure deeply
embedded societal gender perceptions and serve as proxies for cultural
factors affecting gender equality.

3Scholars have not reached a consensus on CSR measurement method-
ologies. Some studies rely on secondary data (e.g., listed firms' charita-
ble donations or private enterprise surveys) but inadequately account
for multi-stakeholder engagement. Others employ third-party evalu-
ations, such as Hexun's CSP scores or Runling Global's RKS ratings,
though these datasets frequently suffer from incomplete sampling. To
address these limitations, we utilize the CSMAR database's Corporate
Common Prosperity Research Data.
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Appendix I

Variable Definitions

Types Variable Indicator Definition
Dependent variable Green innovation GI The natural logarithm of the number of green invention
patents independently applied for by the firm plus one.
Independent variable CEO gender Gender A dummy variable equals one if the CEO is female and
zero otherwise.
Moderator variable Gender inequality index Inequality Index calculated as the mean of all survey responses
within each province from Chinese General Social
Survey 2010 (CGSS2010).
Female leadership representation FLR The proportion of women serving on the board of
directors, board of supervisors, and executive team.
Ultimate controller's control Control The ultimate controller's voting right in the firm.
Male offspring involvement Son A binary variable coded as “1” if the ultimate controller's
son is in the executive team, and “0” otherwise.
Control variable Firm size Size The natural logarithm of total assets.
Return on assets ROA The net income divided by total assets.
Firm leverage LEV Total debt scaled by total assets.
Sales growth SG The percentage change in sales from the previous year.
Firm cash flow CF The net cash flow from operations scaled by total assets.
Firm age Firm_Age The natural logarithm of firm age.
Board size Board The natural logarithm of the number of directors.
Percentage of independent directors Indir The percentage of independent directors over total
directors.
Institutional investor ownership Inst The tradable shares of institutional investors divided by

CEO duality

CEO tenure
CEO age

Pollution industry

Proportion of provincial environmental

protection expenditure

CEO_Duality

CEO_Tenure
CEO_Age

Pollution

Prov_Env

total tradable shares.

A dummy variable equal to one if the CEO is also the
Chairman, zero otherwise.

The natural logarithm of CEO tenure (in month).
The natural logarithm of CEO age.

A dummy variable equals one if it is a polluting industry®
in accordance with the Guidelines on Environmental
Information Disclosure for Listed Companies (2010), and
zero otherwise.

Provincial environmental protection expenditure scaled
by total general budget expenditure

Note: Green innovation (GI) is sourced from the Chinese research data services (CNRDS) database. Gender inequality index (Inequality) is from Chinese General
Social Survey 2010 (CGSS2010). The remaining variables are from the China stock market & accounting research (CSMAR) database.

aWe define the mining industry (B), agricultural and sideline food processing industry (C13), food manufacturing industry (C14), wine, beverage, and refined tea
manufacturing industry (C15), textile industry (C17), textile apparel, clothing industry (C18), leather, fur, feather, and its products and shoemaking industry (C19),
papermaking and paper products industry (C22), printing and reproduction of recording media industry (C23), cultural, educational, arts, sports, and entertainment
goods manufacturing industry (C24), petroleum processing, coking, and nuclear fuel processing industry (C25), chemical raw materials and chemical products
manufacturing industry (C26), pharmaceutical manufacturing industry (C27), chemical fiber manufacturing industry (C28), rubber and plastic products industry
(C29), non-metallic mineral products industry (C30), ferrous metal smelting and rolling industry (C31), non-ferrous metal smelting and rolling industry (C32), metal
products industry (C33), and the power, heat, gas, and water production and supply industry (D) as heavy pollution industries.

9078

Business Strategy and the Environment, 2025

5UB0 117 SUOLLLIOD 9A11E810 B ea 1 dce aU Aq pouBA0B a1 SIPILE WO 88N J0 3N 10} AIRIGIT8UIIUO AB]1A O (SUONIPUCD-PUE-SLLLBLIOD" /B |1 ATRIGIPUIUO//SdTY) SUOIPUOD PUB SWLB | aU) 895 *[GZ02/TT/50] Uo ArIqIT auIiuo A1 ‘ImnoLiBy BuID YInos Ad 0900, 850/200T OT/10p/LICD"B| W ATeIqIUI U0/ Scy Wo1 Papeo|umod . ‘G20z ‘9E80660T



10990836, 2025, 7, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/bse. 70060 by South China Agricultural, Wiley Online Library on [05/11/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

62100

*C910°0

#xxCLT0'0— #xx[L90°0 #xxSGLL0°0— #xxL950°0 *0610°0— #xx6650°0 *S8T0°0 #xx9L50°0 aug - aodd
+9910°0— #xx5960°0— #xx59L0°0 #xxL9C0°0 #xx[080°0 *[L10°0 ¥600°0— #xxC6C0°0— #+£CC0°0— #xx00€T°0— uonynjod
0900°0— #xxV VL0 0— 0ST00 #1861 1°0— #xxV6CT0— #x5¥C0°0 #x[€80°0 96100~ #xxC160°0— #x90C0°0 1onq 040
#5xLCE0°0— #xCVC0°0 #xL0C0°0— #xx1C80°0 #x9610°0 #xC1C0°0 LTITO'0— SL00°0— L6000 69100 2nua] 040
¥100°0— 0600°0— S¥00°0 #5x [ 1700 #xx5880°0— +VL10°0 #x5610°0— #5x[V€0°0— #xx06C0°0— #xx89C0°0 28y 0HD
SCI0°0 #x67C0°0 #xx06E€V0°0— €V10°0— #xx9EV0°0— #xx58Y0°0 ##x61L0°0 *[910°0— 0ST0°0 L100°0— A1puf
¢800°0 #xx[LC0°0 #:9770°0 #6:9LCT°0 #xLSTT'0 w3 CLOT"0— #xx0605T°0— ##x6870°0 #4xELV0'0— 0C10°0 pivog
##x7650°0 ##x86CT°0 ##x8660°0 #4xLTLT0 #x7780°0 #xx0L20°0— ##x€6€0°0 ##xLCE0'0 8Y10°0— ##x[CE0°0 Isur
«VL10°0 s CCVT0— ##xVL8E°0 #xL8V0°0 #+15C0°0 ++8CC0°0 #4xV1L0°0 #xx87€0°0 09000 8200°0— 40
9800°0 #xVIST°0 s L8L0°0— #4x708T°0 ##x8L60°0 ##x7€50°0 #xx€190°0— #xx09C0°0— #x6€C0°0 *S8T0°0— a3y 1]
#:9TVT°0 ##x80€T°0 #x019T°0 «0610°0— «0L10°0— €800°0— 7800°0— 1200°0— 98100 oS

#x CVE0— #4xVCES'0 #xC0C0°0 #xx[L90°0— #x6VVT0— 6¥00°0— 0C10°0— #x950T°0 AHT

s L1G0°0— 6€10°0— *C910°0 #xx[861°0 #xxC1€0°0 9500°0 #xxCSC0°0 Yoy
#xx70L0"0 #xxCC80°0— #xxV6CT0— #xxCVE€00 C10°0— #xx685T°0 218
#xx5880°0— 6110°0 #xx68€0°0 #+x6690°0— #xx590°0— uos
#xx[90T°0 #x91C0°0 #xx7L90°0 #xxV9C0°0— 1043u0)
¥800°0 #xx[SLT0 #xx5€90°0— 414
#5x[LC0°0— L800°0 Anppnbaug
#xx90€0°0— 1opuan
D
os AHT (402§ 21§ uog 10qu0p dT14 Aponbauy 1opuan 19

XLIJBJAl UOIIB[ILI0)

11 xrpuaddy

9079

Business Strategy and the Environment, 2025



10990836, 2025, 7, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/bse. 70060 by South China Agricultural, Wiley Online Library on [05/11/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

wn
(o]
o
N
g
s
2
=
S
M
V
=
]
s
S
g
g
©n
a
e
S
2
"ATOATI0dSAI “TOAS] %0T PUE ‘%S ‘%T Y} 18 90UdIJTUSIIS [BONISTIRIS 9JBIIPUL 4 PUE ‘4 “sx A
*SUOI)B[91I0) UOSIBd] SIuasaid 9[qe) SIY L, :2JON
#xx86C0°0— %%V CC0°0 9C10°0 #xx0CS0°0 #3x:76C0°0 YI10°0— #0070 0— SET0°0— #:0570°0 aug-aod
#xL1C0°0— #5x76C0°0 #x€1C0°0 LSTO'0— #xx6670°0 *«x9¥7C0°0 s LOCT0 ##:C050°0 uonynjod
#xxE0VT°0 #xx988C°0 %15 1S0°0 #xx9601°0— #3x7690°0— %P7 C0°0— #3xxC8€0°0— 1onq 040
2nuUadJ,
#xx[€CT0 #x9CC0°0— ¥900°0— #7200~ #:6CY0°0 #5C8€0°0 040
SY10°0 ¢000°0— i €LC0°0 #:x£950°0 s [OTT°0 28y 040
#5795 €°0— s [ 8700 — ¢s00°0 #x87C0°0 A1puj
##xx9060°0 0900°0 #x€LE0°0— pivog
#5:L980°0 €200°0 sur
#%:9880°0 40
a3y WAL
os
AHT
YOod
a21g
uos
1043U0D)
d14
A1ponbauy
A2pUID
D
=
aug~aoad uoynjjod Pna-odo EXUUEN Ao o) a8y~ 040 npuf pivog Isur o) a8y w1 g x
[=)}




il ol iy S5 e B

| BABRO|IO]

7‘]% in5 % 4

1986

Journal of Business Economics

PXHSMESIXRS (CSSCI) RimMAT SEPXHELET
AMIZES®E®H (AR &L A 2EARBHEET

{#BED

BRI AREER

2020.7

[Ja4534510)

PES R B H



%l’ﬁ’f i’?’lﬁﬁé?ff

JOURMNAL OF BUSINESS ECONOMICS

\JL? |
E 1'}'& 2020 fEE T O (8 F 345 0 )

oM

KR AT B ST R R fkE(s)
B T B 30 E

S 1 A B T oL U R R A

—==—BE T ALELE SHEM WA T 7 T #47)
o FE e R R R A R R R

———— BT E AR A E PR A BT PR 2T)

ik 5 BRI 5T

o B R T LR P 3 i 35 R TR AR ) B BT
AEE P (38)

R AL & g2k ON33—1336/FF 1981 m* A4* 101* zh* Pr ¥ 18, (0% 2500 * 08+ 2020 — 07



AP i AT AT A R EE A R
AR A LLEE {7 e U AR T 9 0 i 3%

e JE B JE0T ) TR B e ) S - 8 A SR o o R PR L SRR 1Y R
frads A WE RHIE (49)

FofE CEO & il 200 dotE T BT
—ETPEEER LT LAAMSREE W ¥ B & BEHGS

) i L7 olbe T T R T e b B LT )
ffWEHE B M & HTD)

Felk £ 5 [ e

AL [ T DI e e I R HEAC A R W% Haet(s6)

M OB R



7 | 345 ) No. 7 ( General No. 345)
2020 7 JOURNAL OF BUSINESS ECONOMICS Jul. 2020

CEO ?

1 2 1
(1. 510642;
2. 310058)
2008-2016 CEO
CEO CEO
CEO CEO
CEO CEO : CEO
CEO .
- F234. 4 T A - 1000 - 2154( 2020) 070059 - 12

DOLI: 10. 14134 /j. enki. ¢n33-4336/f.2020. 07. 006

Does Female CEO Employ More Female Subordinates?

——An Empirical Study Based on Chinese Family Listed Companies
GUO Ping' CHEN Ling® YANG Xueru'
(1. School of Economics and Management South China Agricultural University Guangzhou 510642  China;
2. School of Management Zhejiang University Hangzhou 310058  China)

Abstract: There has always been a controversy in the academic circles about whether female superiors are more willing to
employ female subordinates. Based on the data of Chinese family listed companies from 2008 to 2016 this paper studies the influ—
ence of CEOs gender on the employment of female subordinates and the moderation effect of CEO’s family attribute. Research
results show that: first female CEOs in family businesses employ fewer female subordinates than male CEOs. Second compared
with family male CEOs non-family male CEOs and non-family female CEOs family female CEOs employ the least number of family
female subordinates. Similarly non-family female CEOs employ the least non-family female subordinates among all CEOs. The
paper expands the application situation of tokenism and enriches the research on gender and family business.
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ABSTRACT

We examine the effect of CEO gender on earnings management in the contrasting theoretical
contexts of risk aversion and social identity. Using a sample of Chinese family firms, we demon-
strate that firms with female CEOs display a higher level of earnings management than firms with
male CEOs. These findings remain robust after using alternative measures for key variables and
addressing endogeneity concerns. Furthermore, family identity and board gender diversity, which
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provide family support and female support to alleviate social bias against female CEOs, weaken the
relationship between female CEOs and earnings management. Conversely, financial crisis, which
exacerbates social bias, strengthens this relationship. From the perspective of economic conse-
quence, earnings management increases the pay - performance sensitivity for female CEOs and
reduces their termination risk. Overall, we provide evidence in support of social identity theory.

I. Introduction

The increasing presence of female executives and
directors in corporate leadership has received sub-
stantial attention in academic literature (Harris,
Karla, and Lawrence 2019; Zalata et al. 2018).
A particular focus has been on the gender differ-
ences in earnings management practices.'
Grounded in the theory of risk aversion (Croson
and Gneezy 2009), lower levels of earnings man-
agement are observed in the firms with female chief
financial officers (CFOs) (Barua et al. 2010; Peni,
Vahamaa, and Yu 2010; Vahamaa 2014), and firms
with a higher proportion of female directors (Arun,
Almahrog, and Ali Aribi 2015; Kyaw, Olugbode,
and Petracci 2015; Lakhal et al. 2015). However,
Adams and Funk (2012) argue that gender differ-
ences in risk preference prevalent in the general
population may vanish in top management. For
example, Peni et al. (2010) and Barua et al. (2010)
find that female CFOs are associated with less earn-
ings management, whereas female CEOs are not.
Similarly, Lakhal et al. (2015) demonstrate that

more female directors mitigate earnings manage-
ment, but this effect does not hold for female CEOs
and CFOs. Moreover, Ye et al. (2010) do not find
evidence for the impact of female top executives
(the Chair of the Board, CEO, or CFO) on earnings
management. Zalata et al. (2018) report that the
extent of classification shifting” is significantly
higher in firms with female CEOs during the pre-
Sarbanes — Oxley Act period. Overall, these diverse
findings suggest that the relationship between
female leadership and earnings management is
more complex than explained by risk aversion.
The existing literature on gender differences in
accounting decisions neglects the theory of social
identity, which is a social psychological theory of
intergroup relations, group processes, and the social
self (Hogg, Terry, and White 1995). The basic idea is
that a social categorization into which one falls, and to
which one feels one belongs, provides a definition of
who one is in terms of the defining characteristics of
the categorization. Self-categorization as a woman or
man produces self-stereotyping, involving the

CONTACT Yanyan Chen @ daisycyy5@hotmail.com @ College of Economics and Management, South China Agricultural University, Guangzhou 510642,

China

"We explore the impact of CEO gender on earnings management within the theoretical frameworks of risk aversion and social identity, which distinguish
between female and male genders. We recognize that categorizing individuals into two gender groups may overlook complex gender rights issues.

Consequently, our discussion on gender is subject to certain limitations.

?7alata et al. (2018) define classification shifting as a subtle form of earnings management that involves a deliberate attempt at misclassifying the presentation

of some core expenses as special expenses within the income statement.
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ascription of typical gender in-group attributes to the
self, along with accentuation of differences from the
gender out-group (Turner et al. 1987).
Inconsistencies between female stereotypes and lea-
dership stereotypes lead to social bias against female
leaders (Eagly and Karau 2002). Female leaders
experience a lack of support and face challenges to
their authority (Glass and Cook 2016; Vial, Napier,
and Brescoll 2016), which hurts firm performance
and ultimately pushes female leaders towards a crisis
of professional legitimacy. Due to social biases, female
leaders are more likely to signal their competence to
the manager market by engaging in earnings manage-
ment, thereby reducing external distrust and termina-
tion risk.

In the context of contrasting perspectives from
risk aversion and social identity theories, we exam-
ine the impact of CEO gender on earnings manage-
ment within Chinese family firms. Prior studies
show that families directly control most publicly
traded firms around the world, and the situation is
the same in East Asian (S. J. Benjamin et al. 2016;
Claessens, Djankov, and Lang 2000). In China,
family businesses constitute 90% of private enter-
prises. The growth of private enterprises, is one of
the major contributors to the rapid development of
the Chinese economy, contributing more than 60%
of the GDP, 50% of tax revenues, and 90% of new
job creation (G. M. Huang 2010). Moreover, by
concentrating on family firms and excluding state-
owned enterprises (SOEs), this study aims to elim-
inate the influence of political factors on the CEOs’
selection and remuneration. CEOs of SOEs are
appointed by the governments (An et al. 2016),
and their incentive system consists of both mone-
tary compensation and promotion within the
bureaucratic system (Xin, Bao, and Hu 2019).
Given that SOEs are exposed to both political and
market forces, family firms offer a clean setting to
investigate the relationship between CEO gender
and earnings management. Within the setting of
family firms, we could further explore the interac-
tion among the triple identities of female CEOs,
which are leader roles, female roles, and family
member roles.

Using a sample of Chinese family firms over the
2006-2019 period, we find that firms with female
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CEOs display a higher level of earnings manage-
ment than firms with male CEOs. Family identity
and board gender diversity, which provide family
support and female support to alleviate social bias,
weaken this relationship. In contrast, financial cri-
sis, which exacerbates social bias, strengthens this
relationship. Moreover, earnings management
increases the pay - performance sensitivity for
female CEOs and reduces their termination risk.
Finally, cross-sectional analysis indicates that dis-
closure quality and litigation risk mitigates the
relationship between female CEOs and earnings
management. Overall, we provide evidence in sup-
port of social identity theory but not risk aversion
theory.

To the best of our knowledge, this study is the
first to support the social identity theory, conflict-
ing with other studies aligned with the risk aversion
theory. The reasons could stem from the fact that
most studies are conducted in developed countries
(e.g. the U.S. and the European Union), with few
research focusing on Chinese firms. In our sample,
9.6% of family firms in China had female CEOs in
2019. This figure is higher than that for S&P 500
firms (6.4%) and the firms in the European Union
(7.9%).> Since the establishment of the socialist
China in 1949, and today many urban husbands
and wives share employment, income and house-
work together (Cooke 2001). The gender differ-
ences are cultivated through the socialization
process of infants and children (Gilligan 1982). As
male and female executives in China were trained
to think and judge in similar modes when they
were young (K. Ye, Zhang, and Rezaee 2010), risk
aversion and social identity could be different in
China compared to the developed countries. This
study not only broadens our understanding of
female leaders and accounting decisions in China,
but also encourages more research to re-examine
this notion in other nations with institutional con-
text distinct from developed countries.

Our study also sheds light on the relationship
between female executives and accounting deci-
sions by exploring the moderating roles of family
identity and female directors. The positive associa-
tion between female CEOs and earnings manage-
ment is driven by social biases arising from inter-

3The data source is a recent survey by Catalyst (a leading non-profit organization for women).
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group relation, while within-group relation (family
group and female leader group) brings about the
mitigation effect. These findings affirm the signifi-
cance of both inter-group and within-group rela-
tions, the two socio-cognitive processes
emphasized by social identity theory (Hogg,
Terry, and White 1995).

Finally, our study contributes to the literature by
exploring the economic consequences of female
CEOs’ influence on earnings management. While
prior studies examine the relationship between
female leaders and earnings management, a direct
investigation of the consequences of earnings man-
agement for female leaders has been notably
absent. This gap underscores the need for a more
robust understanding of individuals’ motivations
and behaviours. By employing the ‘identity-
motivation-behaviour-consequence’ paradigm, we
establish a causal link between female CEOs and
earnings management within the framework of
social identity theory.

Il. Hypothesis development
Risk aversion

Psychology research indicates that tend to exhibit
greater risk aversion than men (e.g. Croson and
Gneezy 2009). This theory has spurred empirical
investigations into the influence of gender differ-
ences on earnings management. Evidence suggests
that firms led by female CFOs engage in lower
levels of earnings management (Barua et al. 2010;
Peni, Vahamaa, and Yu 2010), and transitions from
male to female CFOs lead to decreased discretion-
ary accruals (Vahamaa 2014). Moreover, firms with
a greater number of female directors are associated
with more restrained earnings management prac-
tices (Arun, Almahrog, and Ali Aribi 2015; Kyaw,
Olugbode, and Petracci 2015; Lakhal et al. 2015).
However, Adams and Funk (2012) contend that
gender differences in risk preference in the popula-
tion might vanish in top management. Empirical
evidence shows that woman at the firms’ highest
level are equivalent to their male counterparts in
earnings management practice. For example, Peni
et al. (2010) and Barua et al. (2010) find that female
CFOs are associated with less earnings manage-
ment, whereas female CEOs are not. Lakhal et al.

(2015) demonstrate that more female directors
mitigate earnings management, but that female
CEOs and female CFOs do not affect earnings
management. In addition, Ye et al. (2010) fail to
validate a lower tendency of female top executives
(the Chair of the Board, CEO, or CFO) to engage in
earnings management, respectively. Harris et al.
(2019) explore CEO compensation’ role, revealing
that female and male CEOs display similar earnings
management behaviours at higher levels of equity-
based compensation. Notably, Zalata et al. (2018)
show that classification shifting is more prevalent
in firms with female CEOs than those with male
CEOs during the pre-Sarbanes — Oxley Act period.

So far, the negative relationship between female
executives and earnings management anticipated
by risk aversion have been found for female CFOs
and directors. However, there is no such empirical
evidence for female CEOs. These inconsistent find-
ings imply that the relationship between female
CEOs and earnings management is more complex
than suggested by risk aversion.

Social identity

Social identity theory is intended to be a social psy-
chological theory of intergroup relations, group pro-
cesses, and the social self (Hogg, Terry, and White
1995). The basic idea is that a social category (e.g.
nationality, political affiliation, gender) into which
one falls, and to which one feels one belongs, pro-
vides a definition of who one is in terms of the
defining characteristics of the category-a self-
definition that is a part of the self-concept.

Social identity highlights people’s sense of
belonging to the social group, of women or men
(Turner et al. 1987). As female stereotypes do not
match leadership stereotypes, female CEOs are at
a higher risk of losing their jobs than male CEOs.
Based on the theory of role consistency, leadership
stereotypes are generally similar to male gender
stereotypes  (independent, initiative,  self-
confident, and competitive), but contradict female
gender stereotypes (dependent, submissive, infer-
ior, and collectivist). Inconsistencies between
female gender stereotypes and leadership stereo-
types lead to social bias against female leaders
(Eagly and Karau 2002). If female CEOs show
female traits (e.g. engage in communication and



negotiation) in their work, they are perceived as
vulnerable and lacking the decisiveness and control
essential for a good leader. However, if they show
leadership traits, they are criticized for not being
feminine and even labelled ‘macho women’ (Becker
and Eagly 2004). Such double bundling prevents
female CEOs from establishing their authority
within the organization and gaining the support
of subordinates (Glass and Cook 2016; Vial,
Napier, and Brescoll 2016). This ultimately hurts
firm performance and pushes female CEOs
towards a crisis of professional legitimacy.

Although some evidence shows that family firms
provide favourable career development opportunities
to female executives, it is not easy for women to
become CEOs of such firms. Due to a preference for
male family heirs, female family members play unrec-
ognized or ‘invisible’ roles in family firms (Ahrens,
Landmann, and Woywode 2015; Heinonen and Hytti
2011). Female family members often become CEOs
of family firms only when they are far more capable
than male members or when the family lacks compe-
titive male offspring (Ahrens, Landmann, and
Woywode 2015). This shows that women remain
limited by the glass ceiling in family firms.

Irrespective of gender, CEOs are motivated to
engage in earnings management to establish their
reputation, increase their compensation, meet perfor-
mance requirements, and be reinstated when
required (Ali and Zhang 2015). Compared with
male CEOs, female CEOs often suffer from a crisis
of professional legitimacy, giving them stronger
incentives to engage in earnings management.
Female CEOs are more likely to signal their compe-
tence to the manager market by engaging in earnings
management to reduce external distrust and termina-
tion risk.

Risk aversion highlights the positive impact of
female CEOs on earnings management, whereas
social identity points to their negative impact.
Therefore, we propose the following competing
hypotheses:

Hla: Family firms with female CEOs display
a lower level of earnings management than family
firms with male CEOs.
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H1b: Family firms with female CEOs display
a higher level of earnings management than family
firms with male CEOs.

lll. Data and methodology
Sample selection and data source

We use family firms in China to test our hypoth-
eses. We use family ownership and family partici-
pation in management as the selection criteria.
A firm is identified as a family firm if its ultimate
controller is an individual/family who controls at
least 10% of the firm’s shares, with at least two
family members participating in management.
The sample includes all A-share listed family
firms from 2006 to 2019 that meet the following
criteria: (a) belong to a non-financial industry, (b)
not in abnormal trading status, including special
treatment (ST), *special treatment (*ST), Particular
Transfer (PT),* and (c) no missing data.
Ultimately, we obtain 5,987 firm-year observations
across 1,217 firms.

We obtain CEOs’ name, gender, education, and
tenure from the China Stock Market and Accounting
Research (CSMAR) database and manually collect
CEOs’ family affiliations from various sources (e.g.
press releases and firm announcements). Firm
accounting and governance data are also obtained
from the CSMAR database. To mitigate the effect of
outliers, we winsorize all of the continuous variables
at the top and bottom 19%.

Measurements of variables

We use AbsACC to measure earnings management,
which is the absolute value of discretionary
accruals of the modified Jones model (Dechow,
Sloan, and Sweeney 1995). Following Francis et al.
(2015), we first estimate Eq. (1) for each industry in
a given year.

TAC;; = B0(1/Asset;;_1) + BLAREV;, + B,PPE;, + &,
(1)

“When a listed company faces the risk of delisting, its stock abbreviation is prefixed with *ST; for other risk warnings, the abbreviation is prefixed with ST.
A company experiencing losses for three consecutive years will have its stocks suspended from trading and subjected to Particular Transfer (PT).
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NDAC;, = b0(1/Asset;; 1)
+ b1(AREV;; — AREC;;) + b2PPE;,
+ Eit

()

AbsACC;, = | TAC;; — NDAC;| 3)

TAC is measured as the change in non-cash current
assets minus the change in current non-interest
bearing liabilities, minus depreciation and amorti-
zation, scaled by lagged total assets; AREV is the
annual change in revenue scaled by lagged total
assets; AREC is the annual change in receivables
scaled by lagged total assets; PPE is property, plant,
and equipment, scaled by lagged total assets. We
then use the estimated regression coefficients (b,
b;, and b,) from Eq. (1) to calculate non-
discretionary accruals (NDAC). Finally, AbsACC
is the absolute difference between total accruals
and non-discretionary accruals, as shown in
Eq. (3).

Our key variable, CEO_Female, indicates
whether the firm has a female CEO. We also
control for CFO gender (CFO_Female) and the
proportion of female directors on the board
(Board_Female). In the regression, we include
CEO, firm, and governance characteristics. As
CEO characteristics, we include CEO age
(CEO_Age), education (CEO_Edu), and duality
(CEO_Duality). As firm characteristics, we con-
trol for firm size (Size), return on asset (ROA),
firm leverage (LEV), negative profit (Loss), sales

Table 1. Variable definitions.

growth (SG), cash flow from operations (CF),
and book-to-market ratio (BTM). For govern-
ance characteristics, we control for shareholding
by institutional investors (Inst), shareholding by
the second to fifth largest shareholders
(Shareholder2-5), Big4 auditor (Big4), board
size (Board), and board dependence (Indr).
Table 1 provides detailed definitions of these
variables.

Empirical models

We use Model (1) to test our hypotheses. All stan-
dard errors are adjusted for heteroscedasticity
using robust estimator. In Eq. (4), AbsACC is the
dependent variable and CEO_Female is the key
variable. Controls represents the set of control vari-
ables, Year FE indicates year fixed effects, and
Industry FE indicates industry fixed effects. All of
the independent variables are lagged by 1 year to
alleviate the endogeneity problem.

AbsACC;; = B0 4 B1CEO_Female;;
+ Controls;_, + Year FE
+ Industry FE + ¢ (4)

Descriptive statistics and correlation

Table 2 shows the distribution of female CEOs
by year in our sample. CEO_Female is lagged by
1 year and the corresponding period is 2005-2018.

Variable Definition

AbsACC The absolute value of discretionary accruals of the modified Jones model.
CEO_Female A dummy variable equals 1 if the CEO is female, and 0 otherwise.

Family A dummy variable equals 1 if the CEO is a family member, and 0 otherwise.
Crisis A dummy variable equals 1 in the period of 2008-2010, and 0 otherwise.
CFO_Female A dummy variable equals 1 if the CFO is female, and 0 otherwise.
Board_Female The proportion of female directors on the board.

CEO_Age The natural logarithm of CEO age.

CEO_Edu The education years of CEO.

CEO_Duality A dummy variable equal to 1 if the CEO is also the Chairman, and 0 otherwise.
Size Firm size, calculated as the natural logarithm of total assets.

ROA Return on assets, calculated as the net income divided by total assets.

Lev Firm leverage, calculated as total debt scaled by total assets.

Loss A dummy variable equal to 1 if the net income is negative, 0 otherwise.

SG Sales growth, the percentage change in sales from the previous year.

CF Firm cash flow, calculated as the net cash flow from operations scaled by total assets.
BTM Book-to-market ratio, calculated as the firm’s book value divided by firm’s market value.
Inst The tradable shares of institutional investors divided by total tradable shares.
Shareholder2-5 The shares of the second to fifth largest shareholders divided by total shares.
Big4 A dummy variable equal to 1 if a Big4 auditor audits a firm, 0 otherwise.
Board The natural logarithm of the number of directors.

Indr The percentage of independent directors over total directors.




Table 2. Percentage of female CEO in China by year.

year Female CEO Male CEO Total
2005 3(8.82%) 31(91.18%) 34

2006 5(12.20%) 36(87.80%) 41

2007 6(8.96%) 61(91.04%) 67

2008 17(11.33%) 133(88.67%) 150
2009 23(11.11%) 184(88.89%) 207
2010 30(9.80%) 276(90.20%) 306
2011 48(9.45%) 460(90.55%) 508
2012 65(10.45%) 557(89.55%) 622
2013 66(10.09%) 588(89.91%) 654
2014 62(9.55%) 587(90.45%) 649
2015 60(8.31%) 662(91.69%) 722
2016 52(8.65%) 549(91.35%) 601

2017 66(9.17%) 654(90.83%) 720
2018 72(10.20%) 634(89.80%) 706

This table provides the actual values of percentage of female CEOs for
each year in the period of 2005-2018.0ur sample period spans from
2006 to 2019. To mitigate the issue of endogeneity, we have lagged the
variable for female CEOs by one year, corresponding to the period from
2005 to 2018.

We observe a fluctuation in the percentage of firms
with a female CEO. The figure is around 9% for
2005 and rises above 11% during the period of 2008
and 2009. It drops to 8.31% in 2015 and remains
stable at above 10% in 2018. The average percen-
tage of female CEOs in our sample is 9.60%.

Table 3 reports the descriptive statistics of all of
the variables. The mean ACC is 0.0714, with
a median of 0.0465 and a standard deviation of
0.0791. The average percentage of female CEOs is
9.60%, with 57.21% of CEOs being family mem-
bers. The mean CFO_Female is 33.41% and the
mean Board_Female is 16.52%. The mean Size is
21.6986 and the mean LEV is 38.36%. In addition,
the mean ROA and SG are 4.60% and 23.84%,
respectively.

Table 3. Descriptive statistics.
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Table 4 reports the results of the Pearson corre-
lations between the variables. CEO_Female is posi-
tively correlated with ACC, consistent with our
prediction. The mean and maximum variance
inflation factors are 1.31 and 2.14, respectively,
which are well below the general cut-off of 10.
Thus, multicollinearity is unlikely to be a concern
in our study.

IV. Empirical results and analysis
Female CEOs and earnings management

In Table 5, we examine the effect of female CEOs
on earnings management. In Column (1), the coef-
ficient of CEO_Female is 0.0088, significant at the
5% level. This indicates that female CEOs have an
economically significant effect on earnings man-
agement, wherein they increase AbsACC by more
than 12.32% (= coefficient of CEO_Female/mean
AbsACC=0.0088/0.0714 = 12.32%) compared with
male CEOs.

To alleviate the concern that the increase in
discretionary accruals may arise from female
CFOs or female directors rather than female
CEOs, we include CFO_Female and
Board_Female in the regression. The results are
shown in Columns (2)-(4). When controlling for
CFO gender and board gender diversity, the coeffi-
cient of CEO_Female remains statistically signifi-
cant at the 5% level and the magnitude remains
nearly the same as the baseline result. We also find

Variable N Mean SD 25% Median 75%

AbsACC 5,987 0.0714 0.0791 0.0203 0.0465 0.0902
CEQO_Female 5,987 0.0960 0.2947 0.0000 0.0000 0.0000
CEO_Family 5,987 0.5721 0.4948 0.0000 1.0000 1.0000
Crisis 5,987 0.1107 0.3138 0.0000 0.0000 0.0000
CFO_Female 5,987 0.3341 0.4717 0.0000 0.0000 1.0000
Board_Female 5,987 0.1652 0.1326 0.0909 0.1429 0.2222
CEO_Age 5,987 3.8750 0.1550 3.7842 3.8918 3.9890
CEO_Edu 5,987 16.1572 2.3958 15.0000 15.0000 18.0000
CEO_Duality 5,987 0.3516 0.4775 0.0000 0.0000 1.0000
Size 5,987 21.6986 1.0070 20.9501 21.5843 22.2945
ROA 5,987 0.0460 0.0558 0.0208 0.0447 0.0726
Lev 5,987 0.3836 0.2006 0.2187 0.3699 0.5300
Loss 5,987 0.0603 0.2381 0.0000 0.0000 0.0000
SG 5,987 0.2384 0.4763 0.0134 0.1562 0.3311

CF 5,987 0.0411 0.0721 0.0018 0.0411 0.0834
BTM 5,987 0.5785 0.2217 0.4071 0.5836 0.7485
Inst 5,987 0.3601 0.2538 0.1214 0.3470 0.5733
Shareholder2-5 5,987 0.2103 0.1090 0.1252 0.2003 0.2861

Big4 5,987 0.0160 0.1256 0.0000 0.0000 0.0000
Board 5,987 2.2134 0.1618 2.0794 2.3026 2.3026
Indr 5,987 0.3765 0.0519 0.3333 0.3333 0.4286
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Table 5. Female CEOs’ effect on earnings management.
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Dependent variable: AbsACC

m

@

(3)

(4)

CEQO_Female 0.0088** 0.0090%** 0.0085** 0.0085**
(2.49) (2.53) (2.29) (2.30)
CFO_Female -0.0020 -0.0022
(—1.00) (-1.09)
Board_Female 0.0034 0.0047
(0.42) (0.58)
CEO_Age —0.0069 —0.0069 —0.0069 —0.0069
(-1.03) (-1.02) (=1.03) (-1.02)
CEO_Edu 0.0004 0.0004 0.0004 0.0004
(1.04) (1.03) (1.04) (1.02)
CEO_Duality 0.0032 0.0032 0.0032 0.0032
(1.46) (1.47) (1.45) (1.45)
Size —0.0106*** —0.0106*** —0.0106*** —0.0106***
(—6.98) (=7.01) (—6.98) (=7.01)
ROA 0.0895%* 0.0901*** 0.0892** 0.0897**
(2.57) (2.59) (2.56) (2.57)
Lev 0.0432%** 0.0431*** 0.0433*** 0.04371%**
(5.31) (5.28) (5.31) (5.28)
Loss 0.0248%** 0.0248*** 0.0248*** 0.0248%**
(4.15) (4.15) (4.15) (4.15)
SG 0.0085%** 0.0085%** 0.0085%** 0.0085%**
(2.99) (2.98) (3.00) (2.98)
CF —0.1210*** —0.1210%** —0.1210*** —0.1210***
(—5.89) (=5.89) (—5.89) (—5.89)
BTM —0.0307*** —0.0307*** —0.0307*** —0.03071***
(—4.46) (—4.45) (—4.46) (—4.45)
Inst 0.0073* 0.0075* 0.0074* 0.0075*
(1.74) (1.76) (1.74) (1.77)
Shareholder2-5 0.0092 0.0087 0.0092 0.0087
(1.01) (0.96) (1.01) (0.96)
Big4 —0.0009 —0.0011 —0.0009 —0.0012
(—0.15) (—0.19) (=0.15) (—0.20)
Board —0.0019 —-0.0018 —0.0018 —0.0017
(—0.25) (—0.24) (—0.24) (-0.22)
Indr —0.0298 —0.0297 —0.0297 —0.0296
(-1.32) (-1.32) (-1.32) (-1.31)
Intercept 0.3504%** 0.3516%** 0.3498*** 0.3509%**
(7.11) (7.14) (7.10) (7.13)
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Observations 5,987 5,987 5,987 5,987
Adj. R? 0.1140 0.1142 0.1140 0.1142

This table reports the OLS regression results for female CEOs and earnings management. The dependent variable is the
absolute value of discretional accruals (AbsACC). The robust t statistics are in parentheses. ***, ** and * indicate
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statistical significance at the 1%, 5%, and 10% level, respectively.

that the coefficients of CFO_Female and
Board_Female are not statistically significant.
Hence, our evidence is in line with H1b, which
states that firms with female CEOs display
a higher level of earnings management than firms
with male CEOs.

There are three outcomes regarding the relation-
ship between female CEOs and earnings manage-
ment: negative, neutral, and positive. Even though
the negative relationship between female top
executives and earnings management anticipated
by risk aversion have been found for female CFOs
(Barua et al. 2010; Vahamaa 2014) and for female
directors (Arun, Almahrog, and Ali Aribi 2015;
Kyaw, Olugbode, and Petracci 2015), there is no

such empirical evidence for female CEOs. Some
studies only find that female CEOs display similar
earnings management behaviours as male CEOs
(Barua et al. 2010; Lakhal et al. 2015; K. Ye,
Zhang, and Rezaee 2010), suggesting an absence
of gender-based differences in risk reference
among CEOs. Contrary to existing literature, our
research reveals a positive association between
female CEOs and earnings management, aligning
with social identity theory.

In Table 5, the coefficients of CEO_Age,
CEO_Edu, and CEO_Duality are not statistically
significant. Regarding the firm-level controls, earn-
ings management is positively associated with Loss,
ROA, LEV, and SG, but negatively associated with
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Size and CF. These results are consistent with those
reported in the literature (Arthur, Tang, and Lin
2015; Harris, Karla, and Lawrence 2019). However,
the coefficients of the governance variables are not
statistically significant.

Further tests of social identity

In this section, we seek to reinforce our evidence by
investigating moderating factors within social
identity theory framework. According to social
identity theory, earnings management serves as
a strategic response of female CEOs to social biases
against them. If the theory holds, the factors which
alleviate or exacerbate social bias against female
CEOs are expected to correspondingly weaken or
strengthens the relationship between female CEOs
and earnings management. Moreover, we examine
the economic consequences of such earnings man-
agement practices. Social identity theory posits that
the motivation for female CEOs to engage in more
earnings management is to have higher compensa-
tion and greater job security. If the theory is valid,
we expect that earnings management increases the
pay - performance sensitivity of female CEOs and
reduces their termination risk.

Social identity, family support and earnings
management

Drawing on the social categorization of gender,
CEOs can be distinguished as either female or
male. Additionally, from the perspective of famil-
ial ties, CEOs can be classified as either family or
non- family members. Family identities refers to
whether CEOs are the members of the firm’s
founding family, in contrast to non-family
CEOs who are professional managers without
ties to the founding family. Social identity theory
invokes two underlying socio-cognitive processes:
inter-group and within-group relations (Hogg,
Terry, and White 1995). When facing prejudice
from out-group members, female CEOs may
receive support from the founding family if they
belong to it.

Firstly, possessing a family identity offers career
security for female CEOs, as founders appreciate
the traits and dedication of family successors
(Sharma and Irving 2005). Female CEOs with
family identities are not concerned about the unfair

valuation of their capabilities by founding family.
Secondly, compared with professional managers,
family members enjoy unique advantages in terms
of familiarity with corporate culture and inheri-
tance of special resources (Family Enterprise
Committee of China Private Economic Research
Association 2015). This facilitates enhanced com-
munication and collaboration between female
CEOs and the founding family. Collectively, family
identities diminishes the pressure on female CEOs
to secure their positions through earnings
management.

The results of CEOs’ family identities are
shown in Column (1) of Table 6. The dummy
variable CEO_Family indicates whether the CEO
is a member of founding family. The coefficient
of CEO_Female is still positive and statistically
significant (0.0219, p <0.001). With respect to
the interaction term CEO_Family*CEO_Female,
the coefficient is negative and statistically signifi-
cant (-0.0169, p<0.05). Our results show that
family identity could mitigate 77.17% of female
CEOs’ aggressive earnings management (0.0169/
0.0219=77.17%). It implies that support from
founding family significantly mitigates the posi-
tive relationship between female CEOs and earn-
ings management.

Social identity, female support and earnings
management

Recent research explores the impact of CFO gender
and board gender composition on corporate deci-
sion-making environments (S. J. Benjamin and
Biswas 2019; S. Benjamin, Mansi, and Pandey
2020; Schopohl, Urquhart, and Zhang 2021). This
study concentrates on the ‘girl-help-girl’ phenom-
ena among corporate female leaders. Following the
analysis of family support, social identity theory
suggests that female CEOs, despite encountering
prejudice from out-group members, may receive
support from in-group members, such as female
CFOs and directors.

Firstly, female CFOs and directors are more likely
to provide higher evaluations of female CEOs, as
they share the commonality of being female leaders
(Terjesen, Serly, and Singh 2009). Secondly, an
increase  in  female  leadership  creates
a ‘normalization’ where gender is no longer
a barrier to communication and promotes more



Table 6. Social identity and earnings management.
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Dependent variable: AbsACC

X=CEO_Family X= CFO_Female X= Board_Female X= Crisis
(1) ) 3) (4)
CEQO_Female 0.0219%** 0.0123** 0.0244%** 0.0040
(2.85) (2.39) (2.87) (1.14)
X*CEO_Female —0.0169** —-0.0013 —0.0637** 0.0382**
(-1.97) (—0.59) (=2.35) (2.37)
X —0.0091*** —0.0091 0.0103 0.0279**
(=3.51) (-1.32) (1.23) (2.45)
CFO_Female —-0.0024 —-0.0022 —-0.0023
(=1.15) (-1.07) (-1.14)
Board_Female 0.0051 0.0047 0.0048
(0.64) (0.58) (0.60)
CEO_Age -0.0132* —-0.0067 —-0.0072 —0.0071
(=1.90) (—0.99) (—1.06) (-1.05)
CEO_Edu 0.0003 0.0004 0.0003 0.0004
(0.66) (1.00) (0.88) (0.94)
CEO_Duality 0.0097*** 0.0031 0.0031 0.0032
(3.51) (1.42) (1.42) (1.47)
Size —0.0106*** —0.0106*** —0.0105%** —0.0105***
(—6.96) (—6.98) (—6.92) (—6.93)
ROA 0.0918*** 0.0894** 0.0897** 0.0879**
(2.64) (2.57) (2.57) (2.52)
Lev 0.0427%** 0.0430%** 0.0432%** 0.0425%**
(5.15) (5.28) (5.30) (5.23)
Loss 0.0249%** 0.0250%** 0.0249*** 0.0248***
(4.18) (4.18) (4.18) (4.15)
SG 0.0083*** 0.0085%** 0.0084*** 0.0083***
(2.91) (2.97) (2.93) (2.90)
CF —0.1206*** —0.1212*** —0.1209*** —0.11971***
(=5.90) (=5.90) (—5.89) (—5.83)
BTM —0.0288*** —0.0301*** —0.0303*** —0.0299***
(-4.27) (—4.46) (—4.49) (—4.43)
Inst 0.0064 0.0074* 0.0071* 0.0074*
(1.50) (1.74) (1.67) (1.74)
Shareholder2-5 0.0128 0.0080 0.0085 0.0082
(1.40) (0.88) (0.93) (0.91)
Big4 —0.0044 —-0.0011 —-0.0015 —-0.0010
(-0.72) (=0.19) (—0.25) (-0.17)
Board —0.0013 —-0.0018 —-0.0020 —0.0022
(=0.17) (=0.23) (—0.26) (-0.29)
Indr —-0.0261 —0.0295 —0.0303 —-0.0292
(=1.16) (-1.31) (-1.34) (-1.30)
Intercept 0.3746%** 0.3478%** 0.3481%** 0.3464%**
(7.56) (7.07) (7.11) (7.16)
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 5,987 5,987 5,987 5,987
Adj. R 0.1179 0.1145 0.1151 0.1163

This table reports the results of further tests of social identity. CEO_Family in Column (1) is a dummy variable that equals
one if the CEO is a family member and zero otherwise. CFO_Female in Column (2) indicates whether the firm has a female
CFO. Board_Female in Column (3) is the proportion of female directors on the board. Crisis in Column (4) is an indicator of
the financial crisis period of 2008-2010. The robust t statistics are in parentheses. ***, **, and * indicate statistical
significance at the 1%, 5%, and 10% level, respectively.
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effective cooperation and information exchange
(Amore, Garofalo, and Minichilli 2014). Thirdly,
a female-friendly corporate culture arising from
more female leaders enables female CEOs to con-
solidate their authority and secure subordinate sup-
port. If social identity theory is applicable, the
backing from fellow female leaders could mitigate
the challenges female CEOs face regarding profes-
sional legitimacy, thereby reducing their propensity
for earnings management.

We present the results of female CFOs and
female directors in Table 6. CFO_Female in
Column (2) indicates whether the firm has
a female CFO. The interaction term
CFO_Female*CEO_Female has a coefficient of
—-0.0013, which was not statistically significant.
Board_Female in Column (3) represents the pro-
portion of female directors on the board. The coef-
ficient of CEO_Female remains positive and
statistically  significant  (0.0244, p <0.001).
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Regarding the interaction term Board_Female
*CEQO_Female, the coefficient is negative and sta-
tistically significant (-0.0637, p < 0.05). The results
indicate a 10% increase in female directors on the
board leads to a reduction of 26.11% in earnings
management by female CEOs ((0.0637 x0.1)/
0.0244 = 26.11%), which is a substantial influence.
These findings suggest that the support from
female directors weaken the positive relationship
between female CEOs and earnings management.
However, support from female CFOs does not
exhibit a significant effect. Given that CFOs are
subordinate to the CEOs, their support may not
influence CEO appointments and evaluations. In
contrast, the board of directors, who monitor and
assess CEOs, could significantly affect CEO
incentives.

Social identity, financial crisis and earnings
management
Social identity theory posits that incongruity
between female and leader groups leads to pre-
judice against female CEOs, increasing the risk
of losing their positions. Financial crises may
exacerbate this career insecurity for female
CEOs. During a crisis, the economic environ-
ment deteriorates, making it highly probable
for firms to experience poor accounting perfor-
mance and stock returns. Female CEOs in
a crisis face the equivalent of standing on the
edge of a dangerous glass cliff (Ryan and
Haslam 2005). If firm performance deteriorates
under their leadership, controlling shareholders
may replace them with male CEOs perceived as
more competent and capable (Cook and Glass
2014). Consequently, female CEOs face greater
performance pressure and are in a more pre-
carious position in crisis years than in non-
crisis years. To avoid falling off the glass cliff,
female CEOs may engage more in earnings
management during a crisis than non-crisis
periods.

We create a dummy variable Crisis, which equals
1 for 2008, 2009, and 2010. In Column (4) of
Table 6, the interaction term Crisis*CEO_Female
is positive and significant (0.0382, p < 0.05), show-
ing that the financial crisis strengthens the positive
relationship between female CEOs and earnings
management.

Social identity and economic consequence of
earnings management

We conduct an integrated analysis of the Tdentity-
Motivation-Behavior-Consequence’ paradigm to
prove causality between female CEOs and earnings
management. According to social identity theory,
female CEOs are subjected to lower compensation
and increased job insecurity as a result of social
biases against female leaders (Identity). Earnings
management serves as a strategic response to
these biases, which provide female CEOs with
higher compensation and enhanced job security.
(Motivation). So far, we have found that firms
with female CEOs display a higher level of earnings
management than firms with male CEOs
(Behaviour). If the theory holds, we expect that
earnings management increases the pay - perfor-
mance sensitivity of female CEOs and reduces their
termination risk (Consequence).

In a typical model of pay - performance sensi-
tivity (Gao and Li 2015), the dependent variable is
the natural logarithm of CEO pay and the key
independent variable is ROA. To examine the effect
of earnings management, we first decompose ROA
into ROA after excluding discretionary accruals
(ROA_A) and discretionary accruals (ACC). Then,
we include two interaction terms,
CEO_Female*ROA_A and CEO_Female*ACC, in
the model. We predict that the coefficient of
CEO_Female*ACC in Eq. (5) is positive.

In(CEOpay),, = B, + B,CEO_Female;;,
+ B,CEO_Female;;_1"ROA_A
+ B,CEO_Female;;_,*"ACC
+ B,ROA_A;;_ + BACCis_,
+ Controls;_y + Year FE
+ Industry FE + €

(5)

Column (1) of Table 7 only includes ROA_A and
CEO_Female*ROA_A. The coefficient of ROA_A is
positive and significant, whereas that of
CEO_Female*ROA_A is negative and significant.
This indicates that the pay - performance sensitiv-
ity of female CEOs is low when discretionary
accruals are excluded. We add ACC and
CEO_Female*ACC in Column (2). Their coeffi-
cients are both positive and significant, whereas
the signs of ROA_A and CEO_Female*ROA_A
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Table 7. Social identity and economic consequence of earnings management.

In (CEO pay) Termination risk
(1) () ?3) (4)
CEQO_Female —-0.0199 —0.0253 1.0698 1.1017
(—0.57) (—0.72) (0.67) (0.97)
CEQO_Female*ROA_A —-0.4671* —0.4584* 3.0074 2.7592
(-1.78) (-1.74) (1.58) (1.44)
CEO_Female*ACC 0.3287* 0.3664*
(1.67) (-1.79)
ROA_A 0.1813** 0.1740%* 1.1887 1.1932
(2.28) (2.20) (0.73) (0.75)
ACC 0.0547*%* 1.0954***
(2.41) (5.00)
CFO_Female —0.0003 0.0008 0.9850 0.9868
(—0.01) (0.04) (—0.24) (-0.21)
Board_Female 0.0663 0.0594 1.0992 1.0805
(0.93) (0.83) (0.40) (0.32)
CEO_Age 0.0072%** 0.0072%** 0.9806*** 0.9808%**
(5.71) (5.70) (—4.23) (—4.18)
CEO_Edu 0.0328*** 0.0329%** 0.9940 0.9937
(9.11) (9.14) (—0.46) (—0.48)
CEO_Duality —0.0033 —0.0024 0.7215%** 0.7220%**
(—0.16) (=0.12) (—4.84) (—4.84)
Size 0.3203%*** 0.3179%** 0.8138%** 0.8167*%**
(24.01) (23.75) (—4.65) (—4.57)
Lev —0.2835%** —0.2714%** 0.7650 0.7671
(—4.67) (—4.45) (-1.39) (-1.37)
Loss —0.0889** —-0.0793* 0.9487 0.9464
(—1.99) (-1.77) (-0.39) (—0.41)
SG 0.0221 0.0154 1.3236*** 1.3113***
(1.10) (0.77) (4.16) (3.99)
CF 0.8353%** 0.9487%** 1.4650 1.3591
(5.95) (6.63) (0.86) (0.68)
BTM —0.4876*** —0.4810*** 2.1306%** 2.0959%**
(—8.31) (—8.21) (3.98) (3.89)
Inst 0.0942*%* 0.0931** 1.1364 1.1391
(2.52) (2.49) (0.98) (1.00)
Shareholder2-5 0.5492%** 0.5571%** 1.4713 1.4758
(6.70) (6.72) (1.42) (1.43)
Big4 0.2642%** 0.2671%** 0.7362 0.7273
(3.82) (3.88) (-1.29) (-1.34)
Board 0.0220%** 0.0223%** 1.0112 1.0121
(2.71) (2.75) (0.42) (0.45)
Indr 0.0387 0.0386 1.8250 1.8054
(0.17) (0.17) (0.92) (0.90)
Intercept 4.9761%*** 5.0163%***
(14.31) (14.46)
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Observations 5,924 5,924 5,987 5,987
Log Likelihood —-9,492 -9,489
Adj. R 0.2820 0.2832

Columns (1) and (2) examine the effect of earnings management on pay-performance sensitivity. Columns (3) and (4)
examine the effect of earnings management on termination risk, where we use survival analysis (Cox proportional -
hazard model). We report the hazard ratios instead of coefficients in the survival analysis. The variable ROA_A in
Table 7 is defined as ROA after excluding discretionary accruals, and ACC is discretionary accruals. See Table 1 for the
definition of variables. The robust t statistics are in parentheses. ***, **, and * indicate statistical significance at the 1%,

5%, and 10% level, respectively.

remain the same. These findings suggest higher
pay - accrual sensitivity for female CEOs than for
male CEOs, consistent with the social identity
theory.

Survival analysis is often used when measuring
time to termination. Brookman and Thistle (2009)
argue that survival analysis is particularly valuable
when studying CEO tenure because right censored

observations can be easily and correctly accommo-
dated, and because it incorporates time at risk. We
use the Cox proportional-hazard model, a general
survival analysis approach, to examine the effect of
earnings management on CEOs’ termination risk.
The model is presented in Eq. (6). For each CEO in
the sample, we have observations for tenure
(Tenure;), an indicator of whether the observation



5498 P.GUO ET AL.

is censored (Turnover;), and the covariates (X).
Turnover; =0 if the CEO is censored (not termi-
nated) and Turnover; =1 if the CEO fails (is termi-
nated). A, (Tenure) is the baseline hazard, which is
dependent on tenure but independent of X.

InA(Tenure; X) = X + In A0(Tenure) (6)

The last two columns of Table 7 report the
hazard ratios (e®) instead of the coefficients B)
in our survival analysis. The hazard ratios of
ROA_A and CEO_Female*ROA_A are not statis-
tically significant in the two columns. The hazard
ratio of CEO_Female*ACC in Column (4) is
0.3664 (B = —1.0041, ¢ = 0.3664) and significant
at the 5% level, indicating that discretionary
accruals decrease the termination risk of female
CEOs by 63.36%. These results suggest that earn-
ings management reduces the termination risk of
female CEOs, consistent with social identity
theory.

Cross-sectional analysis

The role of disclosure quality

Enhanced disclosure quality can curb managerial
opportunism by facilitating the market partici-
pants’ detection of earnings management. Cassell
et al. (2015) suggest that increased disclosure trans-
parency regarding certain accounts or transactions
reduces the likelihood of earnings management.
Similarly, Shaw (2003) explore the relationship
between disclosure quality and accruals-based
earnings management using overall disclosure
quality. Their findings consistently show that
tirms with superior disclosure quality report
lower levels of discretionary accruals.

Building upon this foundation, our research
investigates whether disclosure quality mitigates
the influence of female CEOs on earnings manage-
ment. Following Ye et al. (2023), we utilize on the
Shanghai and Shenzhen Stock Exchanges’ assess-
ment of disclosure quality, which is assigned one of
four ratings: (A) excellent, (B) good, (C) qualified,
and (D) unqualified. In our analysis, firms are
classified as having high-disclosure-quality
(Disclosure =1) if they received an ‘A’ rating in
the previous year, and as having low-disclosure-
quality (Disclosure =0) if they were rated ‘B’, ‘C,

or ‘D’. Columns (1)-(2) of Table 8 reveal that the
coefficient of CEO_Female is significantly negative
only within the low-disclosure-quality subsample,
and not statistically significant within the high-
disclosure-quality subsample. This suggests that
high disclosure quality may reduce the tendency
towards increased earnings management in firms
with female CEOs.

The role of litigation risk

Litigation risk constrains managerial opportunism
by imposing substantial financial and reputational
penalties on errant managers. Hopkins (2018)
demonstrates that the threat of shareholder litiga-
tion serves as a deterrent against financial misre-
porting, using the 1999 ruling of the Ninth Circuit
Court of Appeals as an indicator of the reduction in
litigation threat. Using a similar setting, Huang
et al. (2020) find that firms increasingly resort to
earnings management following the implementa-
tion of the Ninth Circuit Court’s ruling.

Given that litigation risk acts as a strong govern-
ance mechanism deterring managerial opportunism,
we expect that it could also mitigate the influence of
female CEOs on earnings management. Following
Mao and Meng (2013), we categorize firms as high-
litigation-risk (Litigation = 1) if they were defendants
in lawsuits in the previous year, and low-litigation-
risk (Litigation = 0) if they were not. Columns (3)-(4)
of Table 8 reveals that the coefficient of CEO_Female
is significantly negative only within the low-litigation-
risk subsample, and not statistically significant within
the high-litigation-risk subsample. We show that liti-
gation risk mitigates the propensity for increased
earnings management among firms led by female
CEOs.

Robustness checks

Propensity score matching and Heckman selection
approach

The economic consequences of female CEOs may
suffer from endogeneity problems if female CEOs
are not randomly distributed among firms. To address
this self-selection bias, we use the propensity score
matching (PSM). We take firms with female CEOs
as our experimental sample and use PSM to construct
a control sample comprising firms run by male CEOs
with highly similar characteristics. For matching, we
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Dependent variable: AbsACC

Disclosure =1 Disclosure =0 Litigation = 1 Litigation = 0
(1 (2) 3) (4)
CEO_Female —0.0023 0.0103** 0.0268 0.0078**
(—0.36) (2.33) (1.42) (2.08)
CFO_Female —0.0035 0.0005 0.0049 —-0.0021
(—0.88) (0.20) (0.48) (-1.00)
Board_Female 0.0185 0.0151 —0.0248 0.0064
(1.15) (1.54) (—0.66) (0.78)
CEO_Age —0.0068 —0.0004 —-0.0278 —0.0062
(—0.52) (—0.04) (-1.01) (—0.89)
CEO_Edu 0.0000 0.0001 0.0007 0.0004
(0.00) (0.23) (0.34) (1.08)
CEO_Duality 0.0026 0.0047* —0.0036 0.0038*
(0.64) (1.77) (—0.34) (1.71)
Size —0.0070** —0.0095*** —0.0052 —0.0110***
(—2.26) (—4.92) (—0.74) (-=7.04)
ROA 0.1181* 0.0435 —-0.1447 0.1279%**
(1.83) (1.07) (-1.10) (3.64)
Lev 0.0164 0.0414%** 0.0510* 0.0451%**
(1.02) (4.73) (1.70) (5.31)
Loss 0.0279 0.0195%** 0.0191 0.0233%x**
(1.27) (2.82) (0.79) (3.76)
SG 0.0074 0.0090%** 0.0160 0.0076**
(1.23) (2.84) (1.52) (2.57)
CF —0.0422 —0.1043*** —-0.1490 —0.1237***
(—0.84) (—4.45) (-1.54) (—5.82)
BTM —0.0151 —0.0308*** -0.0179 —0.0275***
(-1.26) (=3.51) (=0.50) (—4.09)
Inst —0.0148* 0.0136*** 0.0285 0.0067
(—1.80) (2.60) (1.43) (1.53)
Shareholder2-5 -0.0113 0.0174 0.0409 0.0058
(=0.70) (1.58) (1.00) (0.62)
Big4 0.0219** —0.0045 —-0.0129 —0.0007
(2.01) (—0.65) (—0.48) (=0.12)
Board 0.0103 —0.0007 0.0106 —0.0028
(0.74) (=0.07) (0.28) (—0.35)
Indr —-0.0202 —0.0402 —0.1685 —0.0238
(—0.53) (—1.45) (-1.33) (-1.03)
Intercept 0.3223%** 0.3740%** 0.2645 0.3612%**
(3.30) (4.49) (1.18) (7.09)
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 997 4,008 305 5,682
Adj. R 0.1731 0.1190 0.2508 0.1137

The first two columns present the results of subsamples based on disclosure quality. Firms are classified as having
high-disclosure-quality (Disclosure =1) if they received an ‘A’ rating in the previous year, and as having low-
disclosure-quality (Disclosure = 0) if they were rated ‘B’, ‘C’, or ‘D’". The last two columns present the results of
subsamples based on litigation risk. We categorize firms as high-litigation-risk (Litigation = 1) if they are defen-
dants in lawsuits in the previous year, and low-litigation-risk (Litigation = 0) if they are not. The robust t statistics
are in parentheses. ***, ** and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.
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run a logistic regression for female CEOs
(CEO_Female) on the control variables in Eq. (4).
We use the propensity scores obtained from the logit
regression and perform one-to-one nearest neighbour
matching without replacement. We then rerun Eq. (4)
on the PSM sample. Column (1) of Table 9 shows that
the coefficient of CEO_Female is positive and signifi-
cant (0.0112, p < 0.05). This result indicates that self-
selection bias is not an issue in the study.

We also adopt the Heckman selection to miti-
gate self-selection bias. Following Schopohl et al.
(2021), we use the median proportion of female

directors for each industry in a given year
(Board_Female_Median) as the instrumental vari-
able, which affects a firm’s likelihood of hiring
a female CEO. Column (2) of Table 9 presents the
first-stage =~ model. = The  coefficient  of
Board_Female_Median is positive and significant.
Column (3) shows that the coefficient of
CEO_Female in the second-stage model remains
statistically positive (0.0086, p < 0.05) after control-
ling for the inverse Mills ratio (IMR). We show that
our results are unlikely to be driven by self-
selection bias in female CEO appointments.



5500 P.GUO ET AL.

Table 9. Tests of PSM, Heckman selection and DID.

PSM Heckman selection DID
Stage 1 Stage 2
AbsACC CEO_Female AbsACC AAbsACC
(1) (2) 3) 4)
CEO_Female 0.0112** 0.0086**
(2.06) (2.32)
Board_Female_Meidan 2.3955%**
(6.50)
IMR 0.0154*
(1.67)
Female 0.0449*
(2.45)
CFO_Female/ACFO_Female —0.0044 —-0.0022 —0.0096
(-0.91) (-1.07) (-0.70)
Board_Female/ABoard_Female 0.0148 0.0087 -0.0147
(0.75) (1.03) (-0.33)
CEO_Age/ACEQ_Age —-0.0188 —0.0069 —-0.0391*
(-1.23) (-1.02) (=2.07)
CEO_Edu/ACEO_Edu 0.0015 0.0004 0.0007
(1.59) (1.01) (2.01)
pinghen/ACEQ_Duality —-0.0029 0.0033 0.0184***
(-0.61) (1.50) (4.09)
Size/ASize —0.0124%*** —-0.0427 —0.01171*** 0.0035
(-3.74) (=1.51) (=7.18) (0.98)
ROA/AROA 0.1896*** 1.3203** 0.1072%** —0.2634*
(2.60) (2.23) (2.92) (-2.41)
Lev/ALev 0.0557*** 0.0904 0.0442%** —0.0083
(2.66) (0.63) (5.47) (—0.40)
Loss/ALoss 0.0302** 0.2312** 0.0277*** —-0.0267
(2.49) (1.97) (4.46) (=1.50)
SG/ASG 0.0054 0.0022 0.0085%** -0.0117
(0.96) (0.05) (2.98) (-0.70)
CF/ACF —0.1210** -0.2707 —0.1245%** 0.0776
(=2.16) (—0.80) (—6.04) (1.38)
BTM/ABTM —0.0313** 0.0787 —0.0294*** —0.0029
(—2.06) (0.68) (—4.35) (-0.17)
Inst/Alnst 0.0095 0.0765 0.0085** 0.0153
(0.88) (0.82) (1.97) (0.79)
Shareholder2-5/AShareholder2-5 0.0440* 0.1423 0.0099 0.0590
(1.81) (0.67) (1.08) (1.05)
Big4/ABig4 —-0.0073 0.7051%** 0.0074 -0.0511*
(—1.00) (4.92) (0.94) (-2.36)
Board/ABoard —0.0085 0.1454 0.0005 0.0188
(—0.41) (0.81) (0.07) (0.72)
Indr/Alndr —-0.0930* 2.0699%** —0.0033 0.0961
(—1.85) (3.87) (-0.12) (0.73)
Intercept 0.3863*** —2.0859%** 0.3144%** 0.0992***
(3.76) (—2.84) (5.84) (26.61)
Year FE Yes No Yes No
Industry FE Yes No Yes No
Observations 1,150 5,987 5,987 940
Adj. R 0.1979 0.0235 0.1146 0.0218

Column (1) reports regression results after PSM. Columns (2) and (3) present the Heckman two-stage regression results using
the median proportion of female directors per year as an instrumental variable. Column (4) reports the results of difference-in-
difference estimation. The robust t statistics are in parentheses. ***, ** and * indicate statistical significance at the 1%, 5%,

and 10% level, respectively.

Difference-in-differences estimation

Unobservable time series changes contemporaneous
with CEO changes could also affect earnings manage-
ment, possibly making our results spurious.
Following Francis et al. (2015), we apply difference-
in-differences (DID) estimation to mitigate the endo-
geneity concern.

The DID approach compares earnings man-
agement before and after male-to-female CEO
transitions, with a control sample of male- or
female-to-male transitions. Our final sample
comprises 83 male-to-female and 857 male/
female-to-male CEO transitions. We create the
dummy variable Female, which equals 1 if



a firm experiences a male-to-female CEO transi-
tion, and 0 otherwise. We use Eq. (7) to conduct
our DID estimation.

AAbsACC = 0 + B1Female + AControls + ¢ (7)

Where AAbsACC is the absolute difference in the
mean value of discretionary accruals between the
post-transition and pre-transition periods.
AControls is the difference in the mean values of
the control variables between the post-transition
and pre-transition periods. This approach allows
us to interpret the coefficient of Female as the
average difference in earnings management for
a firm with the average sample characteristic.

We report the results in Column (4) of Table 9. The
coefficient of Female is positive and significant at the
10% level. Compared with male CEOs, female CEOs
engage more in earnings management following CEO
transitions. Our DID results indicate a causal effect of
CEO gender on earnings management.

Alternative measures of earnings management

We use the absolute value of discretionary accruals
to focus on the level of earnings management.
However, studies indicate that CEOs engage in
different directions of earnings management.
CEOs are inclined to manage earnings upwards to
improve their reputation and compensation
(Wilson and Wang 2010). In contrast, CEOs man-
age earnings downwards to smooth profits or pre-
serve profits for the coming years (Beuselinck,

Table 10. Tests for alternative measures of earnings management.
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Deloof, and Vanstraelen 2014). We run Eq. (4) in
two subsamples (discretionary accruals > 0 vs. dis-
cretionary accruals<0). Columns (1)-(2) of
Table 10 present the results. The coefficient of
CEO_Female is significantly positive (negative) in
the subsample of discretionary accruals >0 (<0).
This indicates that female CEOs engage more in
accrual-based earnings management, regardless of
the direction.

A systematic correlation may exist between
accounting performance and accrual, rendering
the modified-Jones model biased in estimating
non-discretionary accruals. To address this issue,
we adopt a performance-adjusted accrual model
(Kothari, Leone, and Wasley 2005), which controls
for ROA in the modified-Jones model. The results,
presented in Column (3) of Table 10, reveal that the
coefficient of CEO_Female is positive and signifi-
cant, similar to the results from modified-Jones
model. Further analysis, through regression of per-
formance-adjusted accruals in two subsamples
categorized by their signs, indicates that female
CEOs are more inclined towards earnings manage-
ment, irrespective of the direction of the accruals,
as shown in Columns (4) and (5).

We also explore the impact of female CEOs on
earnings management through real activities. We
estimate real earnings management following the
methodology developed by Cohen and Zarowin
(2010).” Column (6) of Table 10 reports the results
of the absolute value of real earnings management.
The coefficient of CEO_Female is positive and sig-

ACC ACC_PA REM
ACC =0 ACC <0 AbsACC_PA ACC_PA =0 ACC_PA<O AbsREM REM =0 REM < 0
(1) ) (3) 5) (6) ) (8)
CEQO_Female 0.0128* —0.0128** 0.0096*** 0.0146* —0.0122** 0.0329%** 0.0331* —0.0318**
(1.64) (—2.28) (2.61) (1.75) (—2.25) (2.58) (1.75) (—2.04)
Controls Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes
Observations 3,249 2,738 5,987 2,847 3,140 5,710 2,817 2,893
Adj. R? 0.1321 0.1040 0.1307 0.1296 0.1026 0.1141 0.1556 0.1370

This table reports the result for alternative measures of earnings management. Columns (1) and (2) show the results of two subsamples (discretional accruals >
0 vs. discretional accruals < 0). Column (3) uses the absolute value of performance-adjusted discretionary accrual (AbsACC_PA) as the dependent variable.
Columns (4) and (5) show the results of two subsamples (performance-adjusted discretional accruals > 0 vs. performance-adjusted discretional accruals < 0).
Column (6) shows the results using the absolute value of real earnings management (AbsREM) as the dependent variable. Columns (7) and (8) show the
results of two subsamples (real earnings management > 0 vs. real earnings management < 0). The control variables are the same as those in Column (4) of
Table 5. The robust t statistics are in parentheses. ***, ** and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

5We present the estimation procedure in Appendix .
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nificant. We also run the regression of real earnings
management in the two subsamples based on their
signs. The last two columns show that female CEOs
engage more in real earnings management, regard-
less of the direction. These findings suggest that
our results are robust to alternative measures of
earnings management.

Alternative measures of family firms

Several studies use different thresholds of sharehold-
ing by ultimate controllers when defining family
firms (Amin and Liu, 2020). We redefine family
firms using 15% and 20% cut-offs to examine whether
our results are sensitive to the shareholding thresh-
olds. We present the results obtained using the new
samples of family firms in Columns (1) and (2) of
Table 11. The coefficients of CEO_Female remain
positive and significant, suggesting that our results
are robust to different samples of family firms.

Excluding the impact of the reform of accounting
standards

Chinese listed firms implemented new accounting
standards on 1 January 2007. To circumvent the
impact of the reform of accounting standards on
discretionary accruals, we exclude observations
before and during the reform (2005, 2006, and
2007). Column (3) of Table 11 reports the results.
The statistical and economic significance of the
coefficient of CEO_Female is similar to our base-
line results.

Table 11. Robustness checks for family firms and sample period.
Dependent variable: AbsACC

Ultimate Ultimate Excluding years before
controllers’ controllers’ accounting standards
holding = 15%  holding > 20% reform
(1) ) 3)
CEO_Female 0.0091** 0.0098** 0.0090**
(2.40) (2.52) (2.40)
Controls Yes Yes Yes
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Observations 5,605 4,998 5912
Adj. R? 0.1173 0.1276 0.1147

This table reports the result of robustness tests for family firms and the
sample period. Columns (1) and (2) show the results on the family firms
sample using a 15% and 20% threshold of ultimate controllers’ share-
holding, respectively. Column (3) shows the regression results excluding
the sample before and during the accounting standards reform (2005,
2006, and 2007). The control variables are the same as those in Column (4)
of Table 5. The robust t statistics are in parentheses. ***, ** and * indicate
statistical significance at the 1%, 5%, and 10% level, respectively.

Table 12. Tests for including non-family firms.
Dependent variable: AbsACC

(1M (2
CEO_Female 0.0040%* 0.0064**
(2.00) (2.27)
Familyfirm 0.0013
(1.21)
Familyfirm*CEO_Female —0.0049
(-1.28)
Controls Yes Yes
Year FE Yes Yes
Industry FE Yes Yes
Observations 20,821 20,821
Adj. R 0.0832 0.0833

This table reports the result of the sample including family firms and non-
family firms. Familyfirm in Column (2) is an indicator of a family firm. The
control variables are the same as those in Column (4) of Table 5. The robust
t statistics are in parentheses. ***, ** and * indicate statistical significance
at the 1%, 5%, and 10% level, respectively.

Including non-family firms

Our study focuses on family firms, and whether the
incentive of female CEOs to engage in earnings
management being contingent on ownership type
(family vs. non-family) is worth further exploring.
We include non-family firms in out sample to
provide empirical evidence. In Column (1) of
Table 12, the coefficient of CEO_Female for the
entire sample is positive and significant.
Moreover, we generate the variable Familyfirm as
the indicator of a family firm. In Column (2), the
coefficients of CEO_Female remains positive and
significant, ~while the interaction term
Familyfirm*CEO_Female is statistically insignifi-
cant. These findings suggest that female CEOs to
engage in higher level of earnings management are
consistent across both family and non-family firms.

V. Conclusion

This study show that firms with female CEOs
display a statistically and economically higher
level of earnings management than firms with
male CEOs. These results hold when using alter-
native measures of the key variables and addres-
sing the endogeneity issues. Furthermore, family
identity and board gender diversity, which pro-
vide family support and female support to alle-
viate social bias against female CEOs, weaken
the relationship between female CEOs and earn-
ings management. Conversely, financial crisis,
which exacerbates social bias, strengthens this
relationship. From the perspective of economic
consequence, earnings management increases



the pay - performance sensitivity of female
CEOs and reduces their termination risk.
Finally, cross-sectional analysis shows that dis-
closure quality and litigation risk mitigates the
relationship between female CEOs and earnings
management. Thus, we provide evidence to sup-
port social identity theory but not risk aversion
theory.

Our findings provide two implications. First,
despite the notable increase in women’s parti-
cipation at the top executive level in recent
years, it may be not useful to improve earnings
quality by hiring more female CEOs in China.
Controlling shareholders and boards of direc-
tors need to shift from merely recognizing
social biases against female leaders to actively
tinding ways to mitigate the impact of those
biases. Creating a female-friendly environment
that ensures fair appointment and evaluation of
female executives by controlling shareholders
and boards of directors can be instrumental in
curbing earnings management. Second, our
findings serve as a cautionary note for external
auditors. External auditors may reduce their
audit fees for firms with female CEOs, because
they believe that female CEOs enhance the
quality of financial reporting and minimize
auditors’ assessment of the risk of material
misstatement (Gull et al. 2021). However, our
study shows that female CEOs engage in
aggressive earnings management due to social
identity pressure. Consequently, external audi-
tors should not automatically assume a lower
risk profile associated with female top
executives.

Utilizing the context of China, we bring about
the social identity theory into the research of
female top executives and accounting decision. It
inspires more studies to investigate this notion in
emerging markets with institutional background
distinct from developed countries. Research span-
ning multiple countries could further examine the
circumstances under which social identity or risk
aversion theory is valid. As our study only focus on
earnings management, future research should
investigate gender differences in various account-
ing practices, such as earnings quality, accounting
conservatism, and financial reporting
manipulation.
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Appendix I. Real earnings management

We use Eq. (1)-(4) to estimate real earnings management following the methodology of Cohen and Zarowin (2010).
Abnormal cash flow from operations (EM_CFO) is the actual cash flow from operations (CFO) minus the normal cash flow
from operations estimated from Eq. (1).

CFO;; o Sales;; ASales; ;
A1 %o +Az‘,t4 e Ai o Aj
A, is the total assets of firm i at the end of period t-1, Sales;, is the sales of frim i during period t, and ASales;= Sales;,
- Salesy ;.
We define production costs (PROD) as the sum of cost of goods sold and the change in inventory. We estimate normal
production costs using Eq. (2). Abnormal production costs (EM_PROD) are the actual production costs minus the normal

production costs.

+ &t 1

PROD;; a ASales; ASales; ;¢
~ =y + + p, * 4B, ok ——

Ait Ajr A Ajr F A
We define discretionary expenses (DISEXP) as the sum of sales expenses and administrate expenses. We estimate normal
discretionary expenses as a linear function of contemporaneous sales. Abnormal discretionary expenses (EM_DISEXP) are the

actual discretionary expenses minus the normal discretionary expenses.

+ &t (2)

DISEXP;; n o 4B Sales; ;
— =
Aiy 0 Ajr Ajg

Finally, we estimate from Eq. (4) the absolute value of real earnings management (AbsREM,).

+ &y (3)

AbsREM;; = |[EMpROD;; — EM_CFO;; — EM _DISEXP;| (4)
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robustness of the proposed method. A notable finding highlighted in this study is the significant impact that the
order in which the expert ratings information was aggregated had on the ranking results. Undoubtedly, this study
offers a fresh perspective based on resilience and sustainability for battery recycling managers to make informed
strategic decisions on site selection, thereby enhancing resilience in the context of EVBRTS site selection.

1. Introduction

Despite challenges like the impact of COVID-19 and supply chain
disruptions on the electric vehicles manufacturing and sales over the
past three years, the global electric vehicle market is experiencing rapid
growth as the automotive industry increasingly shifts towards electrifi-
cation [39,62]. According to the statistics, global new energy vehicles
deliveries increase by approximately 55% to 10.5 million in 2022
compared to 2021, and China, the world’s largest electric vehicle
manufacturer and the largest electric vehicle market, has increased its
sales of electric vehicles by almost 82% in 2022 compared to 2021.'
Electric vehicles are expected to gain market share as more environ-
mental policies are adopted and demand for green technology increases
[44]. While the environmental benefits of electric vehicles are recog-
nized, it is important to address the challenges posed by the electric
vehicle batteries. With the rise of electric vehicles, batteries as a critical
component of electric vehicles are experiencing a significant growth
trend. However, once the remaining capacity of an electric vehicle
battery decays beyond a certain point, the battery needs to be replaced
[28]. Further research is needed to develop effective strategies for
managing the significant volume of end-of-life electric vehicle batteries.

With the rapid growth of electric vehicles, many electric vehicle
batteries will reach the end of their life in the coming years [67]. As
power batteries contain many heavy metals and other toxic and haz-
ardous substances that are harmful to the ecosystem as well as to public
([82,17]), the benefits of electric vehicles will be reduced if waste bat-
teries are not properly managed. Fortunately, end-of-life electric vehicle
batteries can be recycled or disassembled to recover their useful metal
components. Battery recycling plays a key role in the transition to a
global circular economy, offering significant economic, environmental
and social benefits. This process not only facilitates the reuse of finite
resources but also helps to reduce negative environmental impacts [30].
More importantly, battery recycling also plays an important role in
promoting employment [26]. Battery recycling has a promising future
[48]. On the one hand, as the number of retired batteries increases
dramatically, economies of scale for battery recycling will become a
reality. On the other hand, battery recycling, as the last link in the chain
to develop new energy and environmental protection, is strongly sup-
ported by various countries in the battery recycling industry [64,71].
While recycling is a viable solution to the scarcity of raw materials for
batteries, significant investment is needed to improve and expand the
battery recycling infrastructure to alleviate the burden of inadequate
facilities.

This work is being driven by a renewable resource recovery company
seeking to build a robust battery recycling infrastructure in anticipation
of a surge in battery disposal. The primary concern is the strategic
location of waste electric vehicle battery recycling transfer station
(EVBRTS) to ensure sustainable development. Faced with operational
challenges and capacity limitations at the recycling center, the company
is seeking to alleviate the pressure by selecting a suitable EVBRTS as part
of its expanding battery recycling operations. The transfer station’s role
is to collect, sort, and store waste batteries, not to dismantle or dispose of
them. The strategic selection of EVBRTS sites is critical for effective
business management, since failure to make this choice can put business
operations at risk. Thus, the importance of EVBRTS site selection cannot
be overstated. The focus of this paper is to address this crucial decision-

1 https://www.ev-volumes.com/

making process in order to provide a resilient, sustainability-focused site
solution for the renewable energy company.

Sustainability is about meeting the needs of the present without
compromising the ability of the future [70]. Economic sustainability
emphasizes the importance of pursuing economic growth in a manner
that is sustainable, prioritizing long-term development over short-term
gains. Social sustainability advocates for equitable, inclusive, and sta-
ble societal development, ensuring that the needs of the majority are not
overshadowed by the interests of a few. Environmental sustainability
underscores the necessity of balancing economic benefits with envi-
ronmental preservation. Evaluation studies often utilize economic, so-
cial, and environmental criteria to assess sustainability across various
domains [5,54]. Furthermore, EVBRTS site selection is also influenced
by technical criteria, and technical criteria should therefore also be
considered when sitting battery recycling transfer stations. More
importantly, given the complex, changing and uncertain external envi-
ronment, resilience should also be considered when building a sustain-
able framework [14,60]. For example, when the market environment is
very good, whether the capacity of the potential location can meet the
market demand; and when the market environment is not good, whether
the potential location can cope with the changes in the market. Location
resilience refers to the ability of an organization to adapt and respond
quickly when faced with uncertainty and risk. This concept highlights
the importance of the flexibility and adaptability of the chosen site to
make timely and appropriate adjustments to maintain production and
supply stability in the face of unforeseeable events, market fluctuations
or mismatches between supply and demand. Therefore, it is crucial to
consider resilience criteria in EVBRTS site selection. Additionally, due to
the absence of precise and integrated analytical framework models for
determining the location of EVBRTS, this study utilizes insights from
academic literature and expert to develop a comprehensive set of
criteria. These criteria cover economic, social, environmental, technical
and resilience aspects and aim to fill the gap in the decision-making
framework for EVBRTS site selection.

However, the location of EVBRTS presents a complex and chal-
lenging scientific problem with many influencing factors. The primary
challenge lies in identifying the optimal EVBRTS location amidst various
evaluation criteria, including both qualitative and quantitative factors,
in order to mitigate decision-making risks. Traditional location alloca-
tion optimization models can usually handle quantitative criteria in site
selection, but are unable to capture qualitative criteria [16]. Conse-
quently, the traditional mathematical model approach is not applicable
to the problem of EVBRTS site herein. However, multi-criteria decision-
making (MCDM), which has proven to be a reliable and powerful tool for
site selection problems where qualitative and quantitative criteria exist
[18,65], has potential advantages in solving evaluation problems with
multiple evaluation criteria and complexity, which has led to its wide-
spread use in many fields, such as disaster risk assessment [42],
renewable energy rankings [34] and electric vehicle charging station
location [15]. In reality, given the differences in the knowledge and
experience of the experts, their assessment of qualitative criteria is often
subjective and ambiguous, and thus linguistic terms can be used to
assess qualitative criteria.

The growth of the battery recycling industry has highlighted the key
role of the EVBRTS sites within the recycling network. Despite their
growing importance, there is a noticeable lack of literature on EVBRTS
sites. This paper seeks to fill this gap by examining the issue of EVBRTS
location through the lenses of resilience and sustainability, thereby
contributing valuable insights to the existing literature. Specifically, this
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paper aims to answer the following research questions: i) What are the
resilient and sustainable evaluation criteria used for EVBRTS location?
ii) What MCDM method is employed to derive the significance of the
criteria? iii) Which MCDM approach is adopted to obtain the best
alternative? iv) How do the parameters in the proposed method have an
impact on the sorting results?

To address the aforementioned research questions, this paper out-
lines four key objectives: i) developing resilient and sustainable evalu-
ation criteria for selecting EVBRTS sites based on academic literature
and expert insights; ii) determining the criteria weights using the best-
worst method (BWM); iii) establishing alternative rankings through
cumulative prospect theory (CPT); and iv) validating the findings
through sensitivity analysis. To achieve these research objectives, a
hybrid MCDM approach that integrates BWM and CPT methods is pro-
posed. The methodology consists of three main steps: identifying eval-
uation criteria for EVBRTS sites, constructing an integrated analytical
framework model, applying BWM to calculate criteria weights, and
determining alternative rankings using the CPT approach.

The contributions we have made are highlighted in the following
threefold: i) To the best of our knowledge, the existing literature ignores
the EVBRTS problem. After identifying the characteristics of the EVBRTS
problem, this paper presents an integrated approach that combines
BWM and CPT methods to address the challenges of EVBRTS location.
The methodology integrates two effective decision analysis tools, which
helps to capture the decision maker’s risk preferences under uncertainty
and improve the reliability of location decisions. ii) The second contri-
bution of this study is the identification of an evaluation indicator sys-
tem for determining the location of EVBRTS from the perspective of
resilience and sustainability. Additionally, this study has developed a
comprehensive analytical framework model for this indicator system,
which can provide a valuable reference for the construction of similar
systems. Importantly, this paper provides practical methods and expe-
riences to guide future research on similar issues, as well as new ideas
and directions for decision-making in the field of battery recycling site
selection. iii) The ultimate contribution of this paper is to show, through
a comparative study, that the order in which expert evaluation infor-
mation is aggregated has a significant impact on the results. Further-
more, this study provides some key theoretical and managerial insights
that offer valuable inspiration and reference for EVBRTS managers.
These insights are important for advancing the science and standardi-
zation of electric vehicle battery recycling facilities.

The rest of this work will be structured in the following way: Section
2 provides an overview of the research that is relevant to this paper.
Section 3 presents the BWM and CPT methodologies and constructs the
EVBRTS sitting decision making analytical framework. Section 4 es-
tablishes the EVBRTS system of site selection evaluation criteria. In
Section 5, a case study is used to demonstrate the application steps of the
integrated methodology. Section 6 presents the sensitivity analysis, the
comparative analysis, the advantages of the proposed BWM-CPT method
and the managerial implications. Finally, Section 7 summarizes the
conclusions, research limitations and future important research
directions.

2. Literature review

This section provides a review of the extensive literature in three
dimensions: the application of BWM, the application of CPT, and the
location of electric vehicle battery recycling facilities.

2.1. Application of best worst method

Since Rezaei first proposed BWM in 2015 [57], the method has
received increasing attention from academics and industry and has had a
wide range of applications, for instance, company’s R&D performance
evaluation [61], site of the facility [33], supplier selection [23,58], and
circular economy barriers assessment [21]. Ahmadi et al. [3] examined
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the issue of social sustainability in the manufacturing supply chains and
identified the importance of criteria through the BWM approach, which
helps organizations to better manage the social sustainability aspects.
Rezaei et al. [59] studied logistics performance index by using BWM,
identified the importance of the criteria and provided a reference for
policy development for relevant logistics practitioners. Aboutorab et al.
[1] developed an approach that integrated Z-numbers and BWM to
address the uncertainty in the assessment information. Liang et al. [38]
presented a new consistency measure to compensate for the shortcom-
ings of the original and extended BWM, which further strengthens the
theoretical foundation of BWM. Wankhede and Vinodh [77] examined
the key challenges of applying Industry 4.0 technologies and applied
BWM to obtain the importance sorting of the key challenges. Liu et al.
[40] extended the BWM into D numbers and proposed the D-BWM to
deal with situations where assessment information is incomplete. Xiao
et al. [81] extended BWM in the q-rung orthopair fuzzy environment for
determining criteria weights in manufacturer selection. Dehshiri et al.
[11] used an improved BWM approach to evaluate the criteria for the
application of blockchain technology, which bridges the gaps in the
fuzzy BWM approach. Aghaloo et al. [2] used fuzzy BWM and
geographic information system to construct an assessment methodology
for hybrid renewable energy sites. Huang et al. [29] adopted the fuzzy
BWM to compute the subjective weights of the criteria.

Recently, publications have extended BWM to various fuzzy envi-
ronments, such as probabilistic linguistic [47], interval rough numbers
[13], interval-valued trapezoidal fuzzy numbers [73], interval-valued
number [52], interval type-2 fuzzy environment [68], intervals and in-
terval type-2 fuzzy sets [43], and rough probabilistic linguistic [86], etc.
These studies have undoubtedly contributed significantly to the theo-
retical and applied development of BWM.

2.2. Application of cumulative prospect theory

Since Tversky and Kahneman first proposed the CPT [72], it has been
the subject of a great deal of attention. As CPT is a powerful MCDM tool,
it has a wide range of applications. For instance, portfolio choice [24],
emergency response [41], charging station planning [37], risk analysis
[74], and departure time choice [19], etc., Baucells and Heukamp [8]
have made an important contribution to the theoretical development of
CPT by extending the second-order stochastic dominance condition to it.
Yang and Jiang [83] developed a stochastic consumer equilibrium
method based on CPT for the route choice model, and numerical results
show that the proposed method can better characterize risk preferences.
Because of CPT’s strength as a reflection of decision-makers’ risk
appetite, Wu et al. [80] have applied the CPT methodology to renewable
energy assessments, providing excellent insights for investors with
different risk appetites. Wang et al. [76] suggested a combined approach
of deploying quality function deployment and CPT to facilitate product
concept selection. Wu et al. [79] applied triangular fuzzy numbers
(TFNs) to describe the ambiguity of the assessment information and
introduced CPT to evaluate suppliers, showing that decision-makers’
psychological behaviour had a significant effect on the sorting results.
Zhao et al. [85] introduced CPT to multi-attributive border approxi-
mation area comparison (MABAC) in an intuitionistic fuzzy linguistic
environment, developed a novel method and validated the reliability of
the proposed method with a practical application. Besides, Zhang et al.
[84] proposed a method of grey relational analysis based on CPT in a
spherical fuzzy set environment, which was demonstrated through a
case study of supplier selection for emergency materials. To reduce
decision risk, Wang et al. [75] presented an MCDM approach that in-
tegrates CPT and ranking relationships and validate the powerful ad-
vantages of the method in portfolio selection with real data. Chai et al.
[9] extended CPT to deal with the uncertainty and ambiguity of evalu-
ation information in fuzzy sets, and validated the proposed method’s
effectiveness in a supplier selection case.

The existing literature indicates significant advances in theoretical
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and applied research on CPT, highlighting its effectiveness in elucidating
individuals’ decision-making processes and risk attitudes. Building on
this foundation, our study aims to use CPT in the context of site selection
for a waste battery recycling transfer station to gain deeper insights into
decision makers’ risk preferences and uncertainties. Despite the wide-
spread use of CPT in various domains, there is a noticeable lack of
studies investigating its utility in the specific domain of EVBRTS. By
filling this research gap, our work not only extends the scope of appli-
cation of the CPT, but also enriches its practical relevance in real-life
decision making scenarios.

2.3. Location of facilities in electric vehicle battery recycling

Facility location is a strategic decision for management, influenced
by numerous factors such as market demand, transportation infra-
structure, labor availability, operational costs, and government regula-
tions [6,10,32,69]. As a critical component of strategic decision-making,
facility location must consider the long-term implications and potential
risks [7,22]. Selecting the right facility location can result in improved
market development, enhanced service capabilities, reduced operating
costs, increased efficiency and increased market competitiveness for the
company. Recently, literature has been published on the facilities
location for electric vehicle batteries recycling. Wei et al. [78] built a
multi-objective mathematical model for waste battery recycling center
location and proposed a heuristic algorithm with objective ranking
method and greedy take-off to solve the optimization model. Hu et al.
[27] built a mathematical programming model for electric vehicle bat-
tery recycling, which was able to solve the problems of battery recycling
center location and vehicle transportation routes, and verified the reli-
ability of the model through case studies. Sherif et al. [63] presented an
integrated MCDM methodology to battery recycling station location and
constructed 18 sustainability evaluation criteria. Pamucar et al. [50]
developed a decision-making analytical framework model for waste
battery recycling centers and applied a realistic case study to demon-
strate the reliability of the proposed method. Tan et al. [66] developed
an integer planning model to determine the optimal location and
transport routes for battery recycling plants, taking into account cost
minimization and customer satisfaction maximization objectives.
Hezam et al. [26] constructed an evaluation system for battery recycling
plants on the basis of environmental, economic, social and technical
criteria and used the MCDM methodology to obtain the best sorting
results. Puviarasu et al. [51] proposed an integrated fuzzy decision
making trial and evaluation laboratory (DEMATEL), BWM and tech-
nique for order preference by similarity to an ideal solution (TOPSIS)
method for the location of battery recycling plants.

Based on the findings of the literature review, the predominant focus
in the realm of battery recycling facility location research has been on
recycling centers, employing methods such as mathematical optimiza-
tion models and MCDM approaches. However, as the volume of battery
recycling continues to escalate rapidly, recycling plants facing capacity
constraints must seek suitable battery recycling transfer stations to
alleviate potential operational pressures. Consequently, in contrast to
the prevailing literature, this study addresses the critical issue of battery
recycling transfer stations site selection. Despite the inherent complexity
of determining optimal transfer station locations, scant scholarly
attention has been devoted to this specific aspect of the battery recycling
process. To fill this research gap and improve the understanding of
electric vehicle battery recycling logistics, this study develops a
comprehensive MCDM framework integrating BWM and CPT to provide
valuable insights for industry practitioners and decision makers.

3. The proposed method for EVBRTS site selection
The aim of this section is to introduce the BWM and CPT methods and

to propose an integrated analytical framework model for EVBRTS site
selection.
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3.1. The best worst method

The BWM method is commonly used to calculate criteria weights, as
it enables consistent outcomes to be achieved with minimal comparative
information. This section outlines the BWM method for assessing in-
formation, following the procedure below.

Step 1. Identification of the criteria to be used in the decision-
making process. Assume that the decision maker determines the
criteria to be C = (c1,c2, -+, Cp).

Step 2. Identification of the best criterion Cy and the worst criterion
Cw. It should be noted that the best criteria are those considered by
experts to be the most important, while the worst criteria are the least
important. If the expert considers that there are several best or worst
criteria, then the choice can be arbitrary [46].

Step 3. The best-to-others (BO) vector is determined by comparing
the best criterion Cg with the others, and is given in the following form:

BO = ((1317(132-,"'-,aBi-,"'-,aBn)7 (€9)

where ap; denotes preferring the best criterion to the other, and ag; > 1,
i=1,2,-,ni+#B.

Step 4. Compare the worst criterion Cy with the others to determine
the Worst-to-Others (WO) vector, which is given as follows.

WO = (aw, Gaw, -, Qiw, ***, Gnw ), 2)

where aj denotes preferring the worst criterion to the other, and a; >
1,i =1,2,---,n,i # W. Note that in steps 3 and 4, a number from 1 to 9 is
used to indicate the comparative value of the criteria given by the
expert.

Step 5. A mathematical model is developed to determine criteria
weights. To obtain criteria weights, we need to ensure that the

s~ api

o are minimized,
i

maximum absolute differences and x’—;v — iy

and the following mathematical model is developed.

P1: minmax{ ’@7 ag;|, ’ﬂ — Qiw } 3
i w; Ww
n
s.t Zw,- =1 (4
i=1
w;>0,i=1,2,--,n (5)

Indeed, P1 is a non-linear model and to facilitate model solving, ¢ is
introduced to represent the maximum absolute difference, then we can
transform the model P1 into a linear model like this:

P2 : miné

Wp

wi

w;

Vi gl <t ®)
w

The criteria weights w = (wy,ws, -+, w,) can be obtained by solving
model P2.

3.2. Cumulative prospect theory
CPT is a psychological theory that sheds light on real-world decision-

making and behaviors, describes how individuals make choices in un-
certain situations. CPT emphasizes that human decision-making is
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impacted by subjective probabilities and how they perceive potential
gains and losses. In this paper, we use the CPT method, which captures
the risk attitudes of decision makers, for the determination of the
optimal EVBRTS location. The steps below are an outline of the process:

Step 1. Assume that there are K(k = 1,2, ---,K) experts, where the
weight of expert k is w¥, and collect the criterion evaluation information

of expert k on alternative, expressed by TFNs (;{j, tg, ES) And the eval-

uation information for expert k is represented by the following matrix

T* — (E’§1vr’2(1vle)v (Elﬁzv‘tléz E’;z)v ,(f;m,té‘m,fgm) , )
(B s o) (B B2 Ba) s (Lo B )

where i(i = 1,2, ---,n) denotes the criterion and j(j = 1,2, ---,m) denotes
the alternative. In this paper, as both quantitative and qualitative
criteria are involved, we can use crisp value to express the quantitative
criteria, which is then converted into the TFNs; while we can apply the
linguistic terms to express qualitative criteria, in relation to the corre-
sponding TFNs as shown in Fig. 1. Besides, the interval value (a,b) can

be transformed into a TFN (a, “—;b, b) if the expert’s evaluation infor-

mation is an interval value. If the evaluation information is a crisp value
¢, then it can be translated into a TFN (c,c,c).

Step 2. The evaluation information matrix T% for expert k is
denote the normalized matrix of T*. Then it can

nxm
be normalized by the following Eq. (8). In addition, the fuzzy evaluation

normalized. Let {?ﬂ

matrix {?ﬂ of expert k is defuzzified by Eq. (9). Thus, the matrix of

nxm

crisp values for expert k is obtained as Tk = [zg] .
nxm

6 4 8 o
s — — | » for benefit criterion
maxt; maxt; maxt;
- J J J
(5.7) = ®
mintt mintf mint}
e e ,for cost criterion
ke N
v 4

Step 3. Determine reference point. The choice of reference point is
crucial for the CPT method. In this paper, we use the average value as the
reference point in the CPT method. Thus, we apply the Eq. (10) to
calculate the average values, denote RP¥.
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M=

A

Z,

—
Il
—-

RP: — a0

m
where m indicates the number of alternatives.

Step 4. Determine gain and loss value. Let x{j represent the expert k’s
gain or loss value for alternative j. If the difference between the values of
the reference point and the evaluation data exceeds zero, this difference
represents the gain. Conversely, if the difference obtained by subtracting
the value of the reference point from the value of the assessment in-
formation is a negative number, then this difference is the loss value.
The expressions are as follows.

xt = 2X — RPY.

i i i

11

Step 5. Determine the prospective value v(x{j) Let v* (x{j) and
V- (xk

u‘) represent decision weights with regard to gain and loss,

respectively. Then V(x’lj) can be obtained by

v(xl;) -

() = () o
v () = —o( —x’.‘>ﬁ,ifx§. <0’

i
where a and f represent the exponential parameters of gain and loss
respectively, and 0 <a, <1, while 6 denotes the risk aversion
parameter of the decision maker, 6 > 1.

Step 6. Determine decision weights ﬂ()({j) Let 7" (xg) and 7~ (xf;)

represent decision weights with regard to gain and loss, respectively.
The decision weights are then determined by the following equation.

u

w;

+ ):k — i
i < lJ) - PREVCE

W]+ (1 —wy)"]

12)

ifxk>0

lj -
7(x) = o 3
m () = —— T ifx <0
W?+ (1 —w)’]

where w; indicates the criterion i’s weight derived by the BWM, 5 and §
indicate the decision maker’s risk preferences for gain and loss, 0 < 7,
o<1

Step 7. Determine the expert k’s cumulative prospect value V]k of
alternative j by Eq. (14). It is worth noting that, to facilitate the calcu-
lation, the gain and loss values for each alternative need to be ranked in
descending order. Those with subscripts 1 to t are the gain values, while
those with subscripts t + 1 to n are the loss values. Finally, use the Eq.
(15) to calculate the weighted cumulative prospect value V;.

V= 2w () () + 2 () (<)

14

A . :
1 Veg/[‘,’;’or Poor (P) S“glztslﬁ)po"r Fair (F) gos(i’glztslé) Good (G) Veg,g‘)"’d
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !
l l l l l l l >
0 V14 17 314 27 54 3T T4 47 914 57 1114 67 1314 1

Fig. 1. Linguistic terms corresponding to the TFNs.
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V=) Vi

1

K
15)
k=

where w* denote the weight of expert k, and S5 wk = 1.

3.3. Decision framework of the EVBRTS site selection

As EVBRTS location has a key role to play in battery recycling in a
circular economy, however, the lack of an integrated framework liter-
ature on EVBRTS location limits the development of corporate battery
recycling operations at scale. This study thus applies BWM and CPT
approaches to develop a decision framework for EVBRTS site selection,
as shown in Fig. 2. The first step is to identify a list of experts in the
various fields and establish an EVBRTS site selection decision group;
then a system of evaluation indicators is defined based on academic
literature and expert opinion; finally, experts provide information on the
evaluation of options and criteria. In the second stage, the BWM can be
used to derive criteria weights. In the final stage, the CPT method is used
to determine the prospect values of the alternatives and then the best
alternative is selected. It should be noted that in the CPT method, the
quantitative data collected needs to be transformed, as shown in step 1
of the CPT method description. The adoption of a site decision frame-
work that integrates BWM-CPT methodologies can improve the scien-
tific and accuracy of decision making. On the one hand, quantitative
assessment and comprehensive consideration of multiple factors can
avoid subjective bias and arbitrary decision-making, ensuring more
objective and rational site selection decisions. On the other hand, by
developing a decision framework based on the BWM and CPT methods,
the efficiency and accuracy of site selection can be improved, providing
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scientific guidance to companies and promoting the large-scale devel-
opment of the battery recycling business. Most importantly, the inte-
grated BWM and CPT methods framework proposed herein can be
applied to other similar site problems.

This paper constructs a hybrid MCDM theoretical framework for
EVBRTS site selection. The main reasons for using a hybrid MCDM
instead of a single MCDM method are as follows. First, hybrid MCDM
methods can overcome the limitations of a single MCDM method,
consider the decision problem in a more comprehensive and multi-
perspective way. Each MCDM method may have its own advantages
and limitations, and using a mixture of them can compensate for the
shortcomings of a single method to improve the comprehensiveness and
accuracy of the decision-making. Second, hybrid MCDM methods can
improve the robustness of the decision. Using multiple MCDM methods
can increase the robustness of decision making and reduce the depen-
dence on a single method. When different methods produce similar re-
sults, it can increase confidence in decision making; when the results are
inconsistent, it can help decision makers to consider different factors
more fully to make more informed decisions. Third, hybrid MCDM
methods can increase credibility of decision making. The credibility and
persuasiveness of decisions can be improved by using a mixture of
MCDM methods. Different methods may perform better in different
ways, and using them in combination can reduce subjectivity and bias,
making decisions more objective and credible.

The BWM and CPT methods proposed in this paper are particularly
suitable for the site selection of battery recycling transfer stations. In the
decision making of battery recycling transfer station location, decision
makers need to consider many factors such as accessibility, environ-
mental impact, cost and other attributes, as well as a weighting method
that is intuitive and has a visualization process. For this reason, this

_________________________________ 1
I Stage 1 . . x g ey : i
| Established the WEVBRTS site selection decision committee ||
| 4
| N\
m—ﬂ [ Identify site selection evaluation criteria and sub-criteria : End
| {
| )
| [ Expert evaluation of alternatives and criteria :
e ——————————— R <
Stage 2: Determination of criteria Stage 3: Evaluation of alternatives by
weights by BWM method CPT method
IO N e N1
|| Step 1. Identify the criteria to be used for || ||| Step 1. Collect the criterion evaluation ||
I| decision making € = (c¢;, ¢y, +, ¢p) || 1] information of expert on alternative |
IN 71 I J |
P 7 | — - — !
: Step 2. Identify the best criterion C and worst : : Step 2. Evaluation information matrix is :
| criterion ¢y, T normalized and defuzzified by the Eqs. (8)-(9) |
J
|~ 7 dub v !
| — - N | || Step 3. Determine the reference point by the Eq. ) |
|| Step 3. Compare the best criterion C, withthe || || (10) o _ Zfazy |
I| others BO = (agy,agy, -+, agi, -+, agy) bl = i |
N J|IN T /|
I v e ~N |
: Step 4. Compare the worst criterion Cy, with :_ : Step 4. Determine the value 'fi)f gain and loss x, :_
|| theothers WO = (ayw, azw, ) Qiw, ***» Q) [ kforaltemanvej Xij =2ij =2, V] )1
\ J I I
: - | :' - s — |
| ﬁtep 5. Determine the optimal criteria weights \I || Step 5. Detenmue‘ the prospect value of gain ||
| — | 1| and loss for alternative j by the Eq. (12) |
I prminman{ |2 a2 - . P : -
{ Vi (4 B s N
| . =t Z, eSS | If Step 6. Determine decision weights for gain and | |
: s.lZw, 1 s O i : : loss by the Eq. (13) :
i = : - ’ .
[ ’ e Il v |
| w2 0,i=12,,n |“— api[ = § | e - N |
| ) | || Step 7. Determine prospect value 7, of |
N “—aw|=t )| || alternative by the Eq. (15) |
L | \ /|

Fig. 2. Decision framework for EVBRTS site selection.
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paper finally adopts the BWM method by comparing it with other
weighting methods, because the BWM method can help determine the
best and worst performance of each alternative in terms of each attri-
bute, and help decision makers understand the advantages and disad-
vantages of each alternative more clearly, which helps to make a
reasonable choice. Moreover, the BWM method can provide decision
makers with an intuitive basis for decision making on the location of
battery recycling transfer stations, which contributes to the trans-
parency and visualization of the decision-making process. In the process
of ranking the alternatives, the battery recycling transfer station location
decision maker needs to consider the uncertainty factors and the po-
tential gains and losses of the preference choices, however, among the
many ranking methods, the CPT is very suitable because the CPT method
combines the probability distributions and the decision maker’s pref-
erences to consider the impacts of these uncertainties on the location
decision, helping the decision maker to make a more robust decision. On
the whole, the BWM and CPT methods are very suitable for resilient and
sustainable used EV battery recycling transfer station site selection,
which provides scientific and effective decision support for decision
makers, and helps to formulate the optimal site selection plan in line
with the sustainable development goals and actual situation.

4. Evaluation indicator system

The importance of the evaluation indicator system for site selection
cannot be overstated, as the evaluation criteria form the foundation for
EVBRTS site selection. It is therefore undeniable that the establishment
of a comprehensive and scientifically sound evaluation criteria system
for EVBRTS site selection is important. Despite the abundance of eval-
uation criteria for facility location in the existing literature, there is a
noticeable gap in the discussion of the evaluation index system specific
to EVBRTS in the context of the circular economy. This gap may be due
to the specific characteristics of EVBRTS sites, which are the subject of
particular attention and research.

This paper summarizes the following typical characteristics of

—P| Expert 1 Expert 2
Engineering Environmental
| sector protection sector

Form a decision making committee

Expert 3
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EVBRTS site selection: i) Electric vehicle batteries are hazardous, and
when sitting a recycling transfer station, it is essential to consider the
potential contamination of soil, water, and air; ii) The location of
EVBRTS should consider accessibility to transportation routes, utilities,
and waste treatment facilities; iii) EVBRTS may face opposition from the
local community due to concerns about environmental pollution, safety
risks, and potential negative impacts on property values; and iv) Setting
up an EVBRTS involves significant costs for land acquisition, construc-
tion, equipment and ongoing operation and maintenance, and it is
therefore crucial that these costs are carefully weighed against the
benefits of recycling electric vehicle batteries when making decisions.
Thus, considering the fundamental characteristics of EVBRTS outlined
above, this paper establishes site selection criteria for EVBRTS that
integrate resilience and sustainability objectives.

This paper constructs an analytical framework for the EVBRTS
evaluation index system to further realize the scientificity and validity of
the criteria selection, as shown in Fig. 3. Firstly, Company H invited five
experts from the engineering department, environmental protection
department, operation department, university and finance department
to form the EVBRTS site selection decision committee, all of whom have
rich working experience and educational background, with basic in-
formation as shown in Table 1. Next each expert individually reviewed
the relevant literature to screen out potential evaluation criteria and
summarize the evaluation criteria provided by the experts. All experts
discussed the screened criteria centrally, retaining the relatively
important ones. The rationality of the indicator system was evaluated
and adjusted through a questionnaire survey, and the EVBRTS evalua-
tion index system was finally established.

Through a rigorous selection of EVBRTS criteria by experts, the
structure of evaluation index systems constructed herein is shown in
Fig.4 and contains economic, social, environmental, technical and
resilience criteria. A detailed description of the EVBRTS site selection
evaluation criteria is shown in Table 2.

Expert 4

9

College

Expert 5

(A4

College

Operations
sector

Establish an initial evaluation index system for EVBRT Ssite selection

|

v —

Full guidance

Feedback

T ——— S ae——
I Experts evaluate initial evaluation index system for EVBRT Ssite selection l |
v |
| || Experts give the initial ranking of the importance of evaluation indicators l l
v I
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— — - = — — — - - = = - — —4

Experts conduc
to rea

te multiple discussions

ch consensu

Establish a final evaluation ind

ex system for EVBRTS site selection

Fig. 3. Analysis framework of t

he designed evaluation index system.
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Table 1
General information about the experts.
Experts Occupation Education Experience (years) Position Weight
El Industry Undergraduate 25 Engineering manager 0.15
E2 Industry Master 28 Environmental manager 0.2
E3 Industry Master 35 Operation manager 0.2
E4 Academia PhD 22 Professor 0.2
E5 Academia PhD 29 Professor 0.25
oy Cl
N Capital investment ——> Cost |7
: ( ; Cc2
— Economic %—ﬁ Operation cost —————> Cost
. . C3
—> Distance fromrecycling center ———> Cost
C4
> Acceptable level ——> Benefit
: ‘ s > Al |
—> Social %—ﬂ Job opportunity ————> Benefit —
: C6
~>| Safety protection —— > Benefit
=l > A2 ‘
= [A— : C7 o
3 > Distance from ecological reserve —————> Benefit
O]
k2] 2 . 2 C8
= | Environmental %—N‘ Distance from local residents ~————> Benefit | A3 ‘
n S o—
&
=3 oxs 9
51 - Natural conditions ——> Benefit
e . — A4 |
" C10 {
> Land requirement ——> Cost ——
B SN Technical } Security measure | € Benefit
. C12
—> Transport convenience Benefit
( : - C13
> Capacity scalability ——> Benefit
- : C14
—  Resilience %—ﬂ‘ Policy support ——> Benefit
— C15
- Reliability ———> Benefit —
Goal Criteria ‘ | Sub-criteria ‘ Code ‘ | Type Alternatives |

Fig. 4. A three-level decision hierarchy for EVBRTS site selection.

5. Application of the proposed method

This section illustrates the effectiveness of the proposed BWM-CPT
method in capturing expert ambiguity and risk attitudes through a
case study, and the ease of use of the methodology proposed here
through a concrete demonstration of the application process. Potential
EVBRTS alternatives were identified through field research with com-
panies, and all alternatives are described in detail in the feasibility
report.

5.1. Case description

Driven by the principles of the circular economy and supportive
policies, the adoption of new energy vehicles has surged in recent years.
However, as the capacity of electric vehicle batteries decreases to the
point where they are no longer suitable for use in electric vehicles, a
significant volume of used batteries will need to be recycled. The recy-
cling of electric vehicle batteries is of the utmost importance. On one
hand, electric vehicle batteries contain hazardous substances and
precious metals. Improper disposal or indiscriminate discarding of these

batteries can lead to severe environmental pollution, posing risks of
harmful substances infiltrating water sources and the atmosphere. On
the other hand, these batteries are rich in valuable materials like
lithium, nickel, and cobalt, crucial elements in the production of new
batteries. Battery recycling reduces dependence on finite resources and
facilitates resource recycling by reusing these scarce resources.

Given the many benefits of electric vehicle battery recycling, there
are already many companies in the battery recycling business. A
renewable resource company, which is referred to by the pseudonym
Company H, plans to locate a suitable EVBRTS site to relieve the pres-
sure of increasing battery recycling volumes. Company H specializes in
recycling and technology development of waste lithium-ion batteries,
waste electric vehicle batteries, nickel batteries, disposable dry batte-
ries, etc.; battery recycling types include nickel-cadmium, nick-
el-hydrogen batteries, lithium-ion digital batteries, mobile phone
batteries, electric bicycle batteries, new energy electric vehicle batteries,
etc. With the increasing scale of business, the recycling centre faces
many constraints, such as inventory and sorting operations. Company H
therefore decides to build a battery recycling transfer station to acquire
part of the business of the recycling plant. The transfer station will be
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Table 2
Description of EVBRTS site selection criteria.

Criteria Sub-criteria Detailed descriptions Literatures

Economic Capital This mainly includes Pamucar et al.
investment land costs, construction [50], and Li et al.

costs, equipment costs, [36]
and project capital
costs.

Operation cost It involves wages, asset Lee et al. [35],
depreciation, operation Sherif et al. [63],
and maintenance costs, and Deveci et al.
etc. [12]

Distance from The proximity to Authors

recycling recycling center saves contribution
center transport costs as the

role of transfer station is

to store and sort waste

battery without

dismantling functions.

Social Acceptable It focuses on the Sherif et al. [63],
level acceptability of the and Mastrocinque

EVBRTS location to et al. [45]
surrounding residents.

Job It indicates the number Lee et al. [35], and

opportunity of jobs that potential Kannan et al. [31]
alternative locations
could bring to the
public.

Safety As used batteries are Govindan et al.

protection hazardous, specialized [20], and Sherif
equipment should be etal. [63]
provided to protect
employees.

Environmental  Distance from Potential locations Sherif et al. [63],
ecological should be away from and He et al. [25]
reserve farmland, water

sources, ecological
reserves, etc.

Distance from Potential locations Rahimi et al. [53],

local residents should be as far away and Sherif et al.
from residential areas as [63]
possible for safety.

Natural Transfer station Rao et al. [56], and

conditions locations should be Sherif et al. [63]
strategically located in
well natural conditions
to avoid risks of
flooding, cyclones,
drought, etc.

Technical Land Area of land occupation =~ Pamucar et al.
requirement at potential locations. [50], and Li et al.

[36]

Security Safety measures include  Authors

measure fire compliance, contribution
response plans to deal
with emergencies, etc.

Transport It includes the Feng et al. [16]

convenience improvement of the
surrounding
infrastructure, the
convenience of
transport, etc.

Resilience Capacity Potential locations Feng et al. [16]
scalability should have the ability

Policy support

Reliability

to readily respond to
rising capacity to
achieve economies of
scale.

Local government’s
attitude towards
environmental
enterprises, financial
subsidies, etc.
Reliability of potential
location infrastructure
and relationships with
sellers of used batteries.

Pamucar et al. [50]

Authors
contribution
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used to store the waste batteries collected, sort them, test their
remaining capacity, etc. It will not involve the dismantling of the bat-
teries or their subsequent disposal. To select a suitable location for the
EVBRTS, Company H has conducted prior field research on potential five
alternatives, which denotes A;(j =1,2,--,5). The key challenge for
Company H is thus to select the appropriate method to evaluate the
potential alternatives to obtain the optimal site.

5.2. Determining the criteria weights by the BWM

After obtaining the EVBRTS site evaluation index system (shown in
Table 3), the five experts gave the best criterion Cz and worst criterion
Cw, as shown in Table 4. Then the experts gave the evaluation infor-
mation BO and WO respectively, which are given in Table A1 and A2 in
Appendix.

The obtained values which are given in Table A1 and A2 in Appendix
are brought into the model P2 to obtain criteria weight, as shown in
Table 5.

Due to the differences in the experience and professional background
of the experts, it is necessary to give different weights to the experts, the
weights of the experts wX(k=1,2,---5) given herein are shown in
Table 1, and the final criteria weights are determined by the following
expression.

5
wi =y wwk (16)
k=1

where w¥ indicates the criterion weight derived from expert k. The
weighted criteria weights obtained are given in Table 5. In purpose of
easy to see the magnitude relationship between the criterion weights, a
histogram of the criterion weights was drawn as shown in Fig. 5. As
illustrated in Fig. 5, the resilience criteria have the largest weighting of
0.3063, while the social criteria have the smallest weighting of 0.1308,
indicating that the decision-making team preferred to achieve resilient

sustainable development of the site.

5.3. Determining the optimal sorting by the CPT

Each of the five experts gave an evaluation of the alternatives, as
shown in Tables A3-A7 in Appendix. The evaluation information is then
transformed into TFNs as described in step 1 of the CPT method. Then
the data is normalized by Eq. (8), defuzzified by Eq. (9). Then the
average value can be calculated by Eq. (10) and this average value will
be used as the reference point. Eq. (11) is next applied to calculate the
values of gains and losses for each alternative. Then the prospective
values of gains and losses are calculated separately by expression (12),
and decision weights for gain and loss are determined by expression
(13). It is worth noting that in expression (12) and (13), the parameter

Table 3
EVBRTS site evaluation index system.
Criteria Sub-criteria Notation
Economic Capital investment C1
Operation cost Cc2
Distance from recycling center C3
Social Acceptable level C4
Job opportunity Cc5
Safety protection C6
Environmental Distance from ecological reserve Cc7
Distance from local residents Cc8
Natural conditions c9
Technical Land requirement C10
Security measure C11
Transport convenience C12
Resilience Capacity scalability C13
Policy support C14

Reliability C15
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Table 4

Best and worst criterion determined by expert.

Applied Energy 373 (2024) 123897

a =4 =0.88,0 =2.25,7 =0.61, and § = 0.69 [80]. Next the prospect
values for each alternative were computed by Eq. (14), and finally the

weighted cumulative prospect value V; can be calculated by Eq. (15).

The final ranking of the alternatives is presented in Table 6. Therefore,
the best location should be alternative A4.

Fig. 6 depicts the performance of each alternative across economic,
social, environmental, technical, and resilience criteria. Evidently, each
alternative shows different performance levels across these criteria. For

Experts Best criterion Worst criterion

El Capacity scalability Land requirement

E2 Natural conditions Job opportunity

E3 Capital investment Job opportunity

E4 Policy support Security measure

E5 Capacity scalability Acceptable level
Table 5

Calculation of the weighting of criteria for each expert assessment.

example, Alternative Al excels in the environmental criterion but falls
short in the resilience criterion. In contrast, Alternative A3 shows
outstanding performance in the economic criterion but lacks in the
environmental criterion. Alternative A5 demonstrates the weakest per-

Criteria  E1 E2 E3 E4 E5 Final weights formance in both the economic and environmental criteria, whereas
a 0.0943 00802 02156  0.0991 0.0707  0.1108 Altﬁernatlve. A4 displays a mo.re balanced .p.erforma.nce. across economic,
a2 0.0943  0.0802 00437  0.0594  0.0942  0.0744 social, environmental, technical, and resilience criteria.
C3 0.0708 0.0603 0.0328 0.0743 0.0565 0.0582
c4 0.0404  0.0481  0.0875  0.0425  0.0202  0.0467 6. Analyses and discussions
C5 0.0472 0.0190 0.0187 0.0495 0.0354 0.0334
cé 0.0708  0.0481  0.0656  0.0425  0.0354  0.0507 ) ) e ) o
c7 0.0404  0.0401 00875  0.0372  0.0404  0.0491 In this section, the sensitivity and comparative analysis will be used
c8 0.0404  0.0401  0.0525  0.0372  0.0565  0.0461 to demonstrate the applicability and stability of the proposed method-
e 00404~ 0.1868 00437  0.0594 00471 ~ 0.0758 ology. Besides, the theoretical and management implications are also
C10 0.0203 0.0802 0.0656 0.0425 0.0404 0.0508 discussed
c11 0.0404  0.0481  0.0375  0.0212  0.0354  0.0363 :
C12 0.0404 0.0481 0.0656 0.0743 0.0707 0.0613
C13 0.2325 0.0401 0.0437 0.0743 0.2322 0.1245 6.1. Sensitivity analysis
Cl14 0.0708  0.1203  0.0525  0.2441  0.0942  0.1176
C15 0.0566 0.0603 0.0875 0.0425 0.0707 0.0642 . .
To further analyze the affect of parameter changing on the ranking
results, this paper performs a sensitivity analysis on the risk attitude
0.1400 -
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0.1200 -0.1108
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Fig. 5. Criteria weights.
Table 6
The ranking of the alternatives.
Experts Results Al A2 A3 A4 A5
El Numerical results —0.0163 —0.1655 —0.2270 —0.0070 —0.7202
Sorting results A4 - Al - A2 >~ A3 >~ A5
B2 Numerical results —0.0611 —0.2694 0.1354 —0.3248 —0.6296
Sorting results A3 - Al >~ A2~ A4~ A5
E3 Numerical results —0.2021 —0.3719 —0.0156 —0.1125 —0.4656
Sorting results A3 - A4~ Al - A2 >~ A5
4 Numerical results —0.1933 —0.2943 —0.5090 0.1268 —0.2680
Sorting results A4 - Al - A5~ A2 A3
E5 Numerical results —0.0400 —0.3798 —0.0874 0.0758 —0.5569
Sorting results A4~ Al - A3~ A2~ A5
. Numerical results —0.1038 —0.3069 —0.1338 —0.0442 —0.5198
Weighted

Sorting results

A4 - Al >~ A3 > A2 >~ A5
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Fig. 6. Performance of each alternative in terms of economic, social, envi-
ronmental, technical and resilience criteria.

parameters a, f, 0, n and 5, the expert weights, and criteria weights,
respectively.

6.1.1. Effect of changes in risk attitude parameter a, 5, 6, n and § on results
In the CPT approach, both the prospect function and the decision
weight function contain risk attitude parameters of the decision maker,
so it is necessary to discuss these parameters. This section discusses the
sensitivity analysis of risk parameters for the following five scenarios. It
is worth noting that the analyses in this section are based on the ag-
gregation of expert assessment information following Eq. (9).

Scenario 1: Parameter «a is changed from 0.1 to 1 at intervals of 0.1.

Scenario 2: Parameter f is changed from 0.1 to 1 at intervals of 0.1.

Scenario 3: Parameter 6 is changed from 1 to 10 at intervals of 1.

Scenario 4: Parameter 7 is changed from 0.1 to 0.9 at intervals of
0.1.

Scenario 5: Parameter § is changed from 0.1 to 0.9 at intervals of
0.1.

Fig. 7 shows the results of the calculations for each of the five sce-
narios above. Apparently, these parameter variations have a significant
impact on the sorting results. For example, the results of the alternatives
decrease as the parameter a increases, and when the value of parameter
a is <0.9, the sorting of alternatives does not change; whereas when the
value of parameter a is between 0.9 and 1, the sorting of alternatives A3
and Al changes. Alternative ranking is most sensitively affected by
changes in the parameter 7. For example, when n = 0.1, the best sorting
is A1 >~ A3 > A4 - A2 > A5, and when 5 = 0.5, the optimal sorting is
A4 > Al - A3 > A2 > A5. Moreover, the sensitivity of the risk aversion
parameter 6 to changes in the ranking of alternatives can be found in
Fig. 7(c), which demonstrates that risk preference can influence the
EVBRTS site selection results. Actually, parameters a and  represent the
trends of gains and losses in the value function, respectively; the larger
the value of parameters @ and f, the greater the likelihood of a risk-
seeking attitude; while the lower the value of parameters « and g, the
greater the likelihood of a risk-averse attitude.

6.1.2. Impact of changing expert weights

Both the BWM and CPT methods involve the use of expert weights,
and in order to evaluate the influence of these weights on the ranking
outcomes of the alternatives, a sensitivity analysis is carried out. This
study selects several sets of different expert weight combinations, as
detailed in Table A8 in the Appendix. The sorting results of the alter-
natives under various expert weight combinations are presented in
Fig. 8. It is clear that adjustments in expert weights have no impact on
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the ranking of the top alternative, but they do affect the rankings of the
other alternatives. Expert weights play a crucial role in determining the
ordering of alternatives, especially when there is little differentiation in
performance among them. For instance, consider alternatives Al and A3
as depicted in Fig. 8. In light of this, decision-makers should allocate
varying weights to experts based on their knowledge background and
practical experience to ensure a more accurate evaluation of the
alternatives.

6.1.3. Impact of changing criteria weights

This section aims to analyze the impact of changes in criteria weights
on the results. The following scenarios with different combinations of
weights are considered: i) C1 criterion weights change from 0.1073 to
0.0773, C4 criterion weights change from 0.047 to 0.077, while the rest
of the criterion weights remain unchanged; ii) C1 criterion weights
change from 0.1073 to 0.0773, and C7 criterion weights change from
0.0505 to 0.0805; iii) the C1 criterion weight changed from 0.1073 to
0.0773, the C10 criterion weight changed from 0.052 to 0.082; iv) the
C1 criterion weight changed from 0.1073 to 0.0773, the C13 criterion
weight changed from 0.1185 to 0.1485. The results are shown in
Table 7.

Table 7 illustrates only a few potential combinations, highlighting
the varying impacts of different criteria weights on the alternatives. For
example, by lowering the C1 criterion weights and increasing the C10
weights, alternative A3 will be superior to A1. Consequently, alterations
in criterion weights have the potential to shift the evaluation results of
the alternatives, potentially relegating initially top-ranked alternatives
due to changes in specific criteria weights, or promoting initially lower-
ranked alternatives to the forefront as a result of increased weights for
certain criteria. Thus, fluctuations in criterion weights redefine the hi-
erarchy of the alternatives. Changes in criterion weights may introduce
bias into decision outcomes, as subjective increases in the weight of a
criterion can favor one alternative at the expense of others. To mitigate
the impact of criterion weight adjustments on the evaluation of alter-
natives, decision-makers should strive for objectivity and impartiality
when determining criteria weights. It is essential to consider the sig-
nificance and impact of each criterion, while avoiding subjective biases
and interference from vested interests.

6.2. Comparative analysis

This section delves into the reliability of the proposed method by
conducting a comparative analysis with other MCDM methods and
exploring different aggregation sequences of expert evaluation
information.

6.2.1. Comparison with other MCDM methods

In order to further validate the validity and flexibility of the method
presented, the method presented was subject to a comparative analysis
with three other well-known MCDM methods, namely TOPSIS [55],
MABAC [49], and weighted aggregated sum product assessment
(WASPAS) [4] methods. The ranking of alternatives are presented in
Table 8.

The TOPSIS, MABAC, WASPAS, and CPT methods each adhere to
distinct calculation rules. Nevertheless, they share common ground in
identifying the best and worst alternatives. While the ranking of alter-
natives generated by the TOPSIS and WASPAS methods deviates slightly
from the one presented in this paper. TOPSIS calculates the weighted
Euclidean distance between alternatives and the positive and negative
ideal solutions to determine their rankings, whereas the WASPAS
method integrates two renowned MCDM methods—a weighted sum
model and a weighted product model. In this study, a weight of 0.5 was
assigned to the weighted sum model and another 0.5 to the weighted
product model within the WASPAS approach. Conversely, the CPT
method incorporates a risk attitude parameter, and alterations in
parameter values yield varying rankings. For example, the ranking re-
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Fig. 7. Effect of changes in risk attitude parameter a, 3, 6, n and § on results.

sults obtained are the same as those obtained by TOPSIS and WASPAS
methods when the parametersa = 0.7, =0.88,0 =2.25,7 = 0.61 and
§ = 0.69. In essence, the CPT method is more flexible and responsive to
various decision-maker risk attitudes, thereby resulting in diverse
ranking outcomes. By adjusting the decision maker’s risk attitude, the
CPT method can potentially generate varying ranking results. On the
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other hand, MABAC operates as a compensatory method where attri-
butes are considered independently, factoring in the magnitude of po-
tential losses and gains without explicitly accounting for the decision
maker’s risk attitude. The effectiveness and compatibility of the pro-
posed method are validated through comparisons with the TOPSIS,
WASPAS, and MABAC methodologies.
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Table 7
Impact of different combinations of criteria weights on results.
Combinations Results Al A2 A3 A4 A5
(6] Numerical results —0.0769 —0.2489 —0.0897 0.0386 —0.4219
Sorting results A4 - Al - A3 - A2 - A5
(ii) Numerical results —0.0583 —0.2481 —0.1313 0.0733 —0.4516
Sorting results A4 - Al - A3 - A2 - A5
(iii) Numerical results —0.0941 —0.2445 —0.0745 0.0437 —0.4439
Sorting results A4 - A3 - Al - A2 - A5
(iv) Numerical results —0.0861 —0.2378 —0.1056 0.0531 —0.4224
Sorting results A4 - Al > A3 > A2 > A5
Table 8
Comparative results with other MCDM methods.
Methods Results Al A2 A3 A4 A5
TOPSIS Numerical results 0.5167 0.4256 0.5180 0.5604 0.3032
Sorting results A4 - A3 - Al - A2 - A5
WASPAS Numerical results 0.8260 0.8140 0.8443 0.8451 0.7781
Sorting results A4 - A3 - Al - A2 - A5
MABAC Numerical results 0.0466 0.0394 0.0454 0.1285 —0.0302
Sorting results A4 - Al - A3 - A2 - A5
The proposed method Numerical results —0.1038 —0.3069 —0.1338 —0.0442 —0.5198

Sorting results

A4 - Al - A3 - A2 - AS

The CPT method considers the decision maker’s attitude and pref-
erence for risk, which can better describe the psychological process of
the decision maker, and can also deal with non-linear preferences and
uncertainty, which is more in line with the actual situation of human
decision making. The TOPSIS method is simple and easy to understand,
and the calculation process is more intuitive, but it does not take into
account the decision maker’s risk appetite and psychological preference,
and may not fully reflect the actual needs of decision makers. WASPAS
and MABAC methods have the advantages of simplicity and intuition
when dealing with simple multi-criteria decision-making problems, and
are suitable for some more direct decision-making situations. The CPT
method is relatively more complex, requiring an in-depth understanding
of the decision maker’s psychological preferences, more cumbersome
data collection and processing, as well as a large amount of data and the
decision maker’s personalized parameter settings, especially when there
are high requirements for risk and uncertainty, which will increase the
complexity and cost of the calculation.
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6.2.2. Comparing various aggregation sequences of experts’ evaluation
information

This section delves into the impact of different aggregation se-
quences of experts’ assessment information on the alternatives. While
both the BWM and CPT methods entail aggregating expert evaluation
information, for the sake of simplicity in analysis, this paper focuses
solely on the influence of different aggregation sequences of experts’
assessment information on the outcomes within the CPT method. As
such, three distinct orders of aggregation are explored: sequence 1) the
aggregation order employed in this study; sequence 2) aggregation
subsequent to Eq. (9); and sequence 3) aggregation following Eq. (7).
The results of these sequences are presented in Table 9.

Obviously, different aggregation sequences have different impacts
on the alternatives. If the experts’ evaluation information is aggregated
in the first step, then some of the information may be lost, which brings
more risk to the evaluation. As a result, the later the aggregation of
experts’ information is necessary for the alternatives, so that unnec-
essary loss of linguistic information can be reduced.
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Table 9
Effect of different aggregation sequences on alternatives.
Sequences Results Al A2 A3 A4 A5
Sequence 1 Numerical results —0.1038 —0.3069 —0.1338 —0.0442 —0.5198
Sorting results A4 - Al - A3 >~ A2~ A5
Sequence 2 Numerical results —0.0831 —0.2417 —0.0845 0.0439 —0.4391
q Sorting results A4 - Al - A3~ A2 > A5
Numerical results 0.1633 0.1318 0.0334 0.1077 —0.1413
Sequence 3

Sorting results

Al ~ A2 > A4 - A3 >~ A5

6.3. Advantages of the proposed BWM-CPT method

By means of sensitivity analysis and comparative analysis, the inte-
grated BWM-CPT method presented herein has the below advantages:

First, BWM is relatively simple and intuitive to understand and use. It
does not require excessive data support and is sufficient to consider the
relative importance of different factors. BWM helps to prioritize criteria
by identifying the most and least important criteria, thus providing a
holistic picture of the relative importance of these criteria in the
decision-making process.BWM takes into account the subjective pref-
erences of decision makers and, by asking them to assess the in-
terrelationships between the best and worst criteria, provides a more
accurate understand the personal preferences of assessment experts. In
addition, BWM is a structured method that ensures transparency in the
decision-making process. The explicit weights of the criteria obtained
through this method can be easily communicated to stakeholders and
results are more consistent and reliable.

Second, the CPT approach describes how human assess potential
losses and gains when making decisions. Unlike traditional expected
utility theory, CPT emphasizes that human have asymmetric perceptions
of and responses to losses and gains, which better explains differences in
human’s decision-making behaviour. In addition, CPT emphasizes how
human consider a target reference point when making decisions,
assessing gains and losses based on the reference point rather than ab-
solute utility. In addition, the CPT approach takes into account psy-
chological factors in the decision-making process, such as risk aversion
and loss aversion, which on the one hand provides a more realistic
reflection of the way decision makers make choices under uncertainty;
on the other hand, the CPT approach takes into account a non-linear
utility function, which enables it to more accurately reflect decision
maker’s preferences, which is particularly important when dealing with
complex and uncertain decision-making situations.

Third, the proposed method is able to obtain stable results and has a
visualization of the calculation process. In the CPT method, decision
makers can adjust the risk attitude parameters to obtain stable ranking
results. The visualized calculation process is relatively simple and easy
to practice. More importantly, in real scenarios, there are often multiple
uncertainties and complex situations. By adopting an integrated BWM
and CPT approach for informed and robust decision-making results,
such complex decision-making environments can be better adapted to
improve the validity and reliability of decisions.

6.4. Theoretical implications

Several theoretical implications are highlighted as follows: i) This is
the first paper to present an analytical framework model for the EVBRTS
site selection evaluation indicator system, which contributes to the
identification of resilient sustainability criteria for EVBRTS site selec-
tion. Importantly, the analytical framework is an excellent reference for
the development of other evaluation criteria systems; ii) This study
developed a framework model for the location of battery recycling
transfer stations and provided a theoretical and informational basis for
the decision-making process of battery recycling managers; and iii) The
theoretical validation of this paper highlights the effect of the order in
which expert assessment information is aggregated on the ordering of
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results, showing that delayed aggregation of expert assessments tends to
produce more favourable results, which is attributed to the potential loss
of linguistic information during the aggregation process. As a result, this
paper provides a solid theoretical foundation for the optimal order of
aggregation of expert assessment information in alternative selection.

6.5. Managerial implications

This paper provides battery recycling managers with a decision-
making framework for the strategic site selection problem of EVBRTS
from a resilience and sustainability perspective, and provides important
managerial implications for the EVBRTS site selection, which contrib-
utes to the practical application of the proposed methodology.

First, this paper conducts an exploratory study focusing on the
location challenges faced by companies operating transfer stations. To
identify the optimal EVBRTS site, we develop an evaluation indicator
system comprising five criteria and fifteen sub-criteria, meticulously
refined through extensive discussions between industry stakeholders
and academia. Nonetheless, the dynamic nature of the external envi-
ronment may require adjustments to these criteria. For example, while
traditional site selection analyses emphasize sustainability, evolving
market dynamics warrant a focus on site resilience. Therefore, a resil-
ience sustainability assessment indicator system for EVBRTS sites is
established herein.

Second, the integrated approach proposed herein reduces the risk for
managers associated with site selection decisions. Traditional methods
such as TOPSIS, MABAC and WASPAS overlook the risk attitudes of
decision-makers and fail to capture the nuances of their psychological
behaviour during the decision-making process. In contrast, the CPT
method is used in this study to rank alternatives and help decision
makers to implement the necessary risk controls to prevent losses.
Furthermore, the parameters in the CPT method can be adjusted ac-
cording to the different attitudes of decision makers towards risk,
making the methodology highly flexible and stable.

Last, the sequence in which experts’ assessment information is
aggregated significantly influences result sorting, as elucidated in the
comparison of various orders of aggregated expert evaluation informa-
tion. Consequently, in practice, managers must recognize that delaying
the aggregation of expert assessments can minimize the loss of linguistic
information, thereby reducing decision-making risks. While some loss of
assessment information is inevitable during aggregation, managers can
mitigate this loss by employing suitable methods.

7. Conclusions

The recycling of electric vehicle batteries has attracted increasing
attention from academia and industry, aiming to promote sustainable
economic, social, and ecological development. With a growing volume
of waste electric vehicle batteries, urgent measures are needed to recycle
this surplus and mitigate adverse impacts on the ecosystem. This study
was initiated by a renewable energy company facing the challenge of
expanding its battery recycling business, as the current recycling plant is
insufficient to meet demands. Thus, there is an urgent need to establish a
suitable battery recycling transfer station to relieve pressure on the
recycling facility. To address this requirement, a framework model for
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EVBRTS site selection was developed, integrating the BWM-CPT method
and establishing a system of site selection evaluation criteria. The BWM
method was employed to determine the weight of each criterion, fol-
lowed by the application of CPT to rank alternatives. Sensitivity and
comparison analyses demonstrate that the integrated method developed
in this study provides a reliable scientific basis for a robust ranking of
alternatives.

The key findings derived from the paper presented herein are as
follows: i) the order in which the experts’ assessment information is
aggregated significantly influences the ranking outcomes. This is due to
the fact that there may be a loss of potential information in the aggre-
gation of assessment information from multiple experts. Typically, the
assessment information from various experts is aggregated in the final
step to reduce the loss of information; ii) criteria weights and decision
makers’ risk attitudes have an impact on the evaluation results.
Decision-makers evaluate potential losses and gains based on reference
points, and different risk attitudes lead to varying ranking results. As a
result, the CPT method demonstrates greater compatibility compared to
other MCDM methods; and iii) the application of the BWM and CPT
methods in EVBRTS site selection has stability and robustness, and the
evaluation indicator system framework model developed in this study is
applicable to the most transfer station location.

In this paper, the BWM and CPT methods are adopted to study the
problem of battery recycling transfer stations site selection, and the
significance of the study is highlighted in the following ways. 1) The
BWM method can help to determine the importance and weight of the
location factors and help the decision maker to evaluate the alternatives
more comprehensively, while the CPT method takes into account the
decision maker’s uncertainty about the gains and losses, which can
make the location decision more scientific and accurate and improve the
success rate of the decision. The application of these methods can
improve the scientificity and effectiveness of the decision on the location
of the battery recycling transfer station. 2) The study of the location of
the battery recycling transfer station can help improve recycling effi-
ciency and resource utilization, reduce the impact of waste batteries on
the environment, promote green development, and contribute to envi-
ronmental protection and sustainable development of society. 3) The
study of the location of the battery recycling transfer station embodies
the company’s awareness of social responsibility and sustainable
development. By making scientific location decisions, the Company fully
considers environmental, social, economic and resilience factors to
achieve the goal of sustainable development and make more contribu-
tions to society. 4) This paper provides a theoretical framework based on
the MCDM method for the site selection problem in the battery recycling
process, which fills the research gap of the existing research ignoring the
site selection in the battery recycling process, and contributes to the
sustainable development of the battery recycling field.

This paper offers a valuable tool for companies seeking to identify
the optimal EVBRTS location; nonetheless, it also presents some limi-
tations. First, the use of clear values to compare criteria in the adopted
BWM methodology may ignore the ambiguity inherent in the experts’
evaluation of these criteria. Therefore, it would be both interesting and
meaningful to explore the inclusion of expert-provided interval values
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conforming to a normal distribution to characterize assessment uncer-
tainty in future studies. Second, in the adopted CPT methodology, this
paper sets the value of the decision maker’s risk attitude parameter
based on previous research. However, since each decision maker’s risk
attitude parameter value may be different, determining how to measure
the decision maker’s risk attitude through a specific methodology can
greatly improve the accuracy of site selection. Third, this study did not
consider the possible correlations between the selected criteria.
Considering the possible interdependence of the criteria, the use of the
DEMATEL method to assess the importance of each of the evaluation
indicators in the system would be a worthwhile direction to explore in
future studies. Last, future research should focus on updating EVBRTS
standards based on practical applications. By integrating geographic
information system technology into site selection analysis, researchers
can consider factors such as geography, transportation accessibility, and
resource distribution to optimize EVBRTS locations. Furthermore, as the
body of literature on battery recycling site selection continues to grow, it
would be valuable to compile a review article summarizing the key
findings and insights in this field. This review article could serve as a
comprehensive resource for researchers and practitioners interested in
battery recycling sitting issues.
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BO vectors for five experts.
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Criteria

E

1

Capacity scalability

E2

Natural conditions

E3

E4

E5

Capital investment

Policy support

Capacity scalability

Capital investment

Operation cost

Distance from recycling center
Acceptable level

Job opportunity

Safety protection

Distance from ecological reserve
Distance from local residents
Natural conditions

Land requirement

Security measure

Transport convenience
Capacity scalability

Policy support

Reliability
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Table A2
WO vectors for five experts.

Criteria

El

Land requirement

E2

Job opportunity

E3

Job opportunity

E4

Security measure

E5

Acceptable level

Capital investment 7 7 9 6 6
Operation cost 6 7 3 5 7
Distance from recycling center 5 6 2 6 5
Acceptable level 3 4 7 3 1
Job opportunity 4 3 1 4 2
Safety protection 6 4 5 3 2
Distance from ecological reserve 3 4 6 2 3
Distance from local residents 2 4 5 2 4
Natural conditions 3 9 3 5 4
Land requirement 1 7 6 2 3
Security measure 3 5 3 1 2
Transport convenience 2 4 5 6 6
Capacity scalability 9 4 3 5 9
Policy support 6 8 4 9 6
Reliability 5 5 7 3 5

Table A3

Results of expert E1’s assessment of alternatives.
Criteria Unit Al A2 A3 A4 A5
C1 $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]
Cc2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]
C3 km 20 34 28 24 39
Cc4 - G VG G F VG
C5 - SG G VG VG G
C6 - G F SP G F
Cc7 km 13 11 8 15 9
c8 km 10 5 6 8 4
Cc9 - VG VG G SG G
C10 hm? 0.31 0.24 0.17 0.26 0.28
Cl11 - G SG SG VG VG
C12 - VG G F F G
C13 - SP F G SG F
Cl4 - VG G G VG SG
C15 - SG VG SP G F
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Table A4
Results of expert E2’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5

Cl $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]

c2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]

C3 km 20 34 28 24 39

C4 - SG F VG F F

C5 - G SP G F G

C6 - SG F G F G

Cc7 km 13 11 8 15 9

c8 km 10 5 6 8 4

(¢°] - G G VG SP F

C10 hm? 0.31 0.24 0.17 0.26 0.28

Cl1 - VG G G SG VG

C12 - VG SG F G F

C13 - F G SG G G

Cl4 - VG VG VG G SG

C15 - F G F G VG
Table A5

Results of expert E3’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5

C1 $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]

Cc2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]

C3 km 20 34 28 24 39

Cc4 - SP G G F SG

C5 - VG SP VG SG SG

C6 - SG SG F G F

Cc7 km 13 11 8 15 9

Cc8 km 10 5 6 8 4

Cc9 - G F G F G

C10 hm? 0.31 0.24 0.17 0.26 0.28

Cl1 - G F SG VG G

C12 - G SG F G SG

C13 - SP VG SP SG F

Cl4 - G SG G F G

C15 - F SG G G G
Table A6

Results of expert E4’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5

C1 $(10°) [40,50] [32,40] [24,36] [38,46] [39,48]

C2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]

C3 km 20 34 28 24 39

Cc4 - G SG SG G G

C5 - G F G VG VG

C6 - SP VG SG G G

Cc7 km 13 11 8 15 9

c8 km 10 5 6 8 4

(&°} - G SG F VG SG

C10 hm? 0.31 0.24 0.17 0.26 0.28

Cl1 - G G F G VG

C12 - F SG G F SG

C13 - F VG SP F G

Cl14 - G F F VG VG

C15 - VG G G G SG
Table A7

Results of expert E5’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5
Cl $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]
Cc2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]
C3 km 20 34 28 24 39
Cc4 - G SG G G VG

(continued on next page)
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Table A7 (continued)
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Criteria Unit Al A2 A3 A4 A5
C5 - VG VG G G SP
C6 - G G VG G SG
Cc7 km 13 11 8 15 9
c8 km 10 5 6 8 4
Cc9 - G SG G G SG
C10 hm? 0.31 0.24 0.17 0.26 0.28
Cl1 - G G SG F F
C12 - F G F G SG
C13 - G SG G SG VG
Cl14 - G G F VG VG
C15 - SG F G VG VG
Table A8
Different expert weight combinations.
Cases El E2 E3 E4 E5
Case 1 0.2 0.2 0.2 0.2 0.2
Case 2 0.15 0.2 0.2 0.2 0.25
Case 3 0.1 0.1 0.3 0.25 0.25
Case 4 0.3 0.15 0.3 0.15 0.1
Case 5 0.6 0.1 0.1 0.1 0.1
Case 6 0.3 0.3 0.2 0.1 0.1
Case 7 0.1 0.3 0.2 0.1 0.3
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Scientific Management of Private Enterprises in Modern China

YAO Qing-tie! ZHENG Fei' LI Rui-yao'! GUO Ping®
(1. School of Economics,Nanjing University of Economics and Finance 210023;

2. School of Economics and Management, South China Agricultural University 510642)

Abstract: The Thought of scientific management began to be introduced into Chinafrom the
beginning of the 20th century. Until 1920—30's, the national entrepreneurs began to respond to
this thought extensively. An unprecedented scientific management revolution was launched in the
Chinese industry. One of its contents was to get rid of the traditional foreman system, but in the
actual operation, the effect of each enterprise’s change was not the same. Based on the theory of
knowledge transfer, this paper discusses the conditions and motivations of this change, the
mechanism of transfer and the different characteristics of knowledge application, and takes six
typical enterprises, such as Deda, housheng, Minsheng, Meiya weaving, Shenxin, commercial
press and Kangyuan can factory, as the objects to be discussed. Different knowledge Transfer
Stickiness lead to modern China In practice, enterprises have different ways of management
reform, and based on this, modern enterprises that have carried out management revolution are
divided into three categories: successful transfer, low transfer stickiness and high transfer
stickiness.

Keywords: Knowledge Transfer; Transfer Stickiness; Foreman System; Scientific Manage-

ment
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Property Right Structure of Foreign Enterprises in Modern China
——A Case Study of American-Owned Shanghai Power Company

CHEN Bi-zhou LONG Deng-gao
(School of Social Science, Tsinghua University 100084)

Abstract: The company property right is one of the core contents in the research of modern
enterprise history. Through the study of the capital structure and property structure of the
typical modern foreign enterprises, American-owned Shanghai Power Company, the
characteristics of the property right structure of foreign enterprises in modern China can be
deeply analyzed. The research shows that Electric Bond and Share Co. had acquired the complete
property right of its overseas subsidiary, American-owned Shanghai Power Company, with its
tight and complex capital structure. Under the ingenious design of the Electric Bond and Share
Co. , the property right structure of American-owned Shanghai Power Company was a joint-stock
company system with privileged stocks. The property right structure not only succeeded in
achieving the stable operation of the foreign subsidiary of Electric Bond and Share Co. , but also
was a typical case of the property right arrangement in the transnational operations of foreign
enterprises in modern China.

Keywords: Electric Bond and Share Co.; American-Owned Shanghai Power Company;

Property Structure; Joint-Stock Company System; Transnational Operation
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On the Growth of Pre-war Chinese Private Cotton
Textile Enterprises (1894—1937)

YAO Qing-tie" CHEN Qian' LIU Zi-heng' GUO Ping’
(1 School of Economics, Nanjing University of Finance and Economics 210023

2 School of Economics and Management,South China Agricultrual University 510642)

Abstract: The cotton textile industry, as one of the prominent private industry, gained its
growth sine late 19th century. Based on archives, this paper tries to analyze the characteristics of
growth of enterprises in modern cotton textile industry, and then focuses on the factors that
resulted in their growths. With the help of case study and grounded theory, the author comes up
with the detailed factors that played key roles of modern cotton textile firms. Finally the author
reaches the conclusion as follows: 1. Opportunities and resource-drive are the foundations for the
growth. 2. Unstable surroundings and managerial skills blocked them from reaching sustained
growth. 3. Merger and acquisition accelerated their growth. 4. Strategic entrepreneurship and
research & development guaranteed their technological innovation. What’s more, these factors
also give insights for the running of current firms in china.

Keywords: Business Growth; Textile Industry; Grounded theory; Factor Analysis
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