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Smart usage of new technologies, like the metaverse, is altering the way orga-
nizations design and implement green HR practices. In this article, we explore
how metaverse adoption, encompassing VR collaboration, immersive training,
and digital HR spaces, affects firm environmental performance in the sustain-
ability setting. Based on the Resource-Based View (RBV) and Ability-Motivation-
Opportunity (AMO) theory, the model also treats green HR practices as a mediator
and green transformational leadership as a moderator. The data were collected
from HR managers working in the IT sector located in Riyadh, KSA, and the model
was analyzed through SmartPLS 4.0. Findings indicate that metaverse adoption
strongly influences the dimensions of green HR practices, which in turn positively
influence firm environmental performance, therefore supporting the mediating
role of green HR practices. Green transformational leadership positively moder-
ated the relationship between green HR practices and firm environmental per-
formance, suggesting that green transformational leadership will strengthen the
positive relationship between GHRP and EP. This study adds to the sustainable
HR and management literature by integrating the adoption of technology, green
HR practices, and environmental performance and provides them in an inte-
grated framework. The findings theoretically underscore the importance of the
use of advanced digital applications to institutionalize sustainability HR projects
and leadership styles that use directive and empowerment leadership practices
combined. This model could be developed with cultural or organizational readi-
ness antecedents to predict sustainability-related performance across the board.

KEYWORDS
firm environmental performance, green HR practices, green transformation leadership,
metaverse adoption, sustainability

1 Introduction

The environmental degradation, reduction of carbon emissions, and resource inefficiency
are the problems that have increased pressure on organizations worldwide. Under the three-
pronged concept of sustainability, the environmental aspect has gained a greater level of promi-
nence, a part of which is due to growing levels of climate-change rules and regulations,
continued stakeholder activism, and international agreements on carbon neutrality. This has
led to the surfacing of environmental performance as a measurable and externally reviewed
measure of organizational sustainability. Hence, this forms a key outcome variable for both
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theoretical and applied investigation. Compared to more holistic sus-
tainability constructs, the environmental performance provides a
better operationalization around particular measures, including emis-
sions abatement, energy efficiency, waste management, and green
innovation, and therefore provides a better empirical accuracy (Sarfo
et al,, 2024). The digital transformation and new technologies are the
primary drivers of environmental improvement: new digital mecha-
nisms allow tracking energy usage on a fine-granular level, optimizing
resource management, enhancing supply chain visibility, and reducing
operational wastage. However, the existing literature largely concep-
tualizes digital transformation as a technical project only and does not
focus on the organizational and leadership processes that are compul-
sory to counterbalance digital investments with quantifiable environ-
mental performance (Wang and Makhbul, 2024).

Despite the fact that the existing literature provides a connection
between the outcomes of digital transformation and sustainability,
there are three conspicuous gaps. To begin with, previous research
often defines sustainability as a complex, multidimensional concept,
which involves summing environmental, social, and economic perfor-
mance into composite measures. This aggregation conceals individual
lines of influence of digital technologies on particular aspects of sus-
tainability. In this regard, environmental performance, specifically,
requires operational changes, behavioral changes, and process re-
configuration that can be quite different than the determinants of
economic or social performance (Alshuaibi et al., 2024). Therefore,
environmental performance should be isolated in theoretic specialty.
Second, although leadership has been recognized as essential to sus-
tainability transitions, the few existing literature challenges the role of
green transformational leadership in shaping the association between
digital transformation and environmental performance. Digital sys-
tems do not ensure the environmental benefits; the employees should
internalize environmental values, green practices, and match the use
of technology with the goals of the environment. Green transforma-
tional leadership, a synthesis of transformational leadership charac-
teristics, namely visionary articulation, inspirational motivation, and
intellectual stimulation, plus a clearly stated environmental orienta-
tion would be theoretically suitable to this end (Din et al., 2025;
Mandip, 2012; Pham et al,, 2019).

Leaders with such a construct could help to match digital efforts
with pro-environmental values and, therefore, increase the effective-
ness of digital transformation of the environment effect. Third, most
of the available empirical information is based on the Western or
manufacturing environment, and the technology-oriented emerging
economies are underresearched. The information technology (IT) seg-
ment in Saudi Arabia (KSA) is a theoretically attractive landscape
(Ding and Rafiq, 2025). Saudi Arabia is also making vigorous invest-
ments in digital infrastructure, artificial intelligence, and green eco-
nomic diversification under Vision 2030. The IT industry takes a
leading position on national digital transformation efforts, is techno-
logically intense, and experiences increased sustainability require-
ments. It is possible to study this context to analyze how the digital
transformation can be translated into the performance of the environ-
ment in the fast-paced, modernizing policy-driven ecosystem. Despite
this, the interaction between digital transformation, leadership orien-
tation, and environmental performance has been under-theorized and
under-empirically tested, especially in emerging digital economies
(Sang et al., 2024; Jia and Hou, 2024).

To fill these gaps, this study develops and empirically tests a
model that defines digital transformation as the core impetus of
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environmental performance and green transformational leadership
as a mediating factor. This study contributes to the growing global
need to take responsibility for the climate by focusing solely on the
performance of the environment. This research, with the addition of
green transformational leadership as a moderator, explains the
behavioral and value-based processes that are needed to transform
technological capability into ecological outcomes. This study places
the analysis in the context of the IT industry in Saudi Arabia, and
therefore, this study will provide contextually relevant evidence based
on a strategically relevant emergent economy that is facing both a
digital and environmental shift. By doing this, this study makes con-
tributions to sustainability and leadership literature in elucidating: (1)
why environmental performance should be given a special study; (2)
how leadership can enhance digital sustainability performance; and
(3) why the developing digital economies present a viable ground on
which to experiment with such processes.

2 Literature review
2.1 Firm environmental performance

Environmental performance is a multidimensional aspect that
reflects the level of how an organization reduces its ecological impact
and, at the same time, enhances sustainability by intentionally and
strategically planning its operations and adopting good operational
behaviors. The notion consists of minimization of wastage, pollution,
and elimination of resources, as well as encouraging long-lasting
products and processes of production that are sustainable. Companies
that show dedication to environmental performance normally intro-
duce environmentally friendly industrial practices and develop pro-
tective mechanisms (Hazbi and Mounir, 2023), which are based on
set environmental guidelines.

Environmental performance does not just relate to mere adher-
ence to a formal set of regulations or an observance of the formal
systems of environmental management. Instead, it requires a combi-
nation of ecological values that act as the culture of an organization
and strategic decision-making. The proactive approach can help enti-
ties go beyond compliance and become environmental leaders as an
important part of corporate strategy (Papademetriou et al., 2025). In
this respect, environmental responsibility is not viewed as another cost
burden, but as a long-term investment in reputation, innovation,
operational efficiency, and competitive advantage.

Moreover, the environmental performance serves as a core com-
ponent of corporate social responsibility. The environment in which a
firm operates is not only the internal operations of the firm but also
the sustainability of the supply chain and the wellbeing of the com-
munities in which the firm operates. According to recent empirical
studies, technological innovation is not the only factor that determines
environmental performance and human capital. The formation of
employees with green skills and environmental awareness also plays a
role (Tanveer, 2025). When the goals of the environment are similar
to the financial ones, the organizations are more prone to developing
new solutions that could help to improve ecological performance and
operational efficiency. Traditionally, business success was measured
mainly on a financial platform, though these new perspectives are
increasingly appreciating environmental performance as an important
precursor of organizational success.
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2.2 Metaverse adoption

The green economy has been emerging as a salient part of the
broader agenda of sustainable development because of national and
corporate interests. This transformation is supported by the fact that
sustainability can increase competitiveness and enable the generation
of long-term values. Digital technologies, such as the metaverse, are
increasingly being regarded as facilitators of environmental and eco-
nomic advantages through innovation, specialization, and better
management of resources. The use of the metaverse is not only limited
to operational efficiency but also has potential impacts on the envi-
ronmental, social, and governance (ESG) performance. It has the
potential to improve resource use and promote sustainable operations
of multi-faceted supply chains because it can enable advanced data
integration, virtual collaboration, and immersive digital environ-
ments (Zhang and Huang, 2024). At a larger scale, digital transforma-
tion helps improve the environmental performance through
optimization of resource consumption, lessening energy consump-
tion, and decreasing waste. In particular, artificial intelligence (AI)
has the potential to enhance industrial procedures by minimizing the
intensity of resources and environmental damage (Sklavos et
al,, 2024).

Sustainability can be further enhanced by the metaverse, which
is an immersive and interactive virtual environment. It allows work-
ing remotely and virtual teamwork, with a possible decrease in busi-
ness travel, reliance on infrastructure, and greenhouse gas emissions.
It also sustains virtual training environments that sensitize the envi-
ronment and instigate sustainable behaviors. Additionally, digital
twins can enable companies to simulate real-time infrastructure and
production systems and, thus, enhance monitoring, predictive analyt-
ics, and sustainable decision-making (Feroz et al., 2021). Such capa-
bilities have the potential to improve the environmental performance
by optimizing resources based on data and minimizing opera-
tional waste.

In the framework of Industry 4.0, digital networks of production
systems can improve monitoring, better assess the impact on the envi-
ronment, and more effectively distribute resources (Xu et al., 2025).
These technologies are followed by the metaverse, which complements
this transformation by allowing cleaner and energy-efficient business
models. Immersive simulation, Al, and predictive analytics allow
firms to simulate other production scenarios and evaluate the impact
on the environment before its application, facilitating the promotion
of green innovations and minimizing emissions (Xu et al., 2022).

The adoption of Al in the ESG strategies also enhances the sus-
tainability prospects of the digital platforms. There is empirical evi-
dence that AT applications can help to achieve better ESG performance
through operational efficiency, improved governance mechanisms,
and environmental innovation (Liu et al., 2025; Cui, 2025). Analytics
powered by Als facilitate climate response, social enabling, and
enhancing corporate governance, and allow companies to streamline
resources and minimize environmental impacts (Taleb and Kadhum,
2024). There is also strong evidence of AI adoption and green innova-
tion strategies, which means that companies of any industry can be
positive about the implementation of AI technologies into the sustain-
ability program (Wang et al., 2024). On the whole, the implementation
of the metaverse is a direction that is conditioned by AI and digital
transformation technologies and is a strategic course that companies
aiming to improve their environmental performance and further cor-
porate sustainability should take.
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2.3 Green HR practices

Green human resource practices (GHRP) conceptualization is a
strategic framework that incorporates traditional human resource
operations within the general environmentally sustainable goals (Jia
and Hou, 2024). It is in this context that organizations strive to develop
a workforce that does not merely appreciate the need to be environ-
mentally responsible but also one that clearly espouses corporate envi-
ronmental objectives. Green HR practices thus contain a continuum
of environmentally conscious practices, namely recruitment, training,
performance management, and reward systems, aimed at promoting
sustainable behaviors in the workplace.

In addition to the normal administrative changes, the GHRP is set
to instill the organizational culture and decision-making methods
with environmental accountability. Once the sustainability principles
are properly implemented in HR policies, the role transforms into a
proactive driver of environmental responsibility that would spread its
effects all across the enterprise. According to Sova et al. (2023), emerg-
ing technologies, including artificial-intelligence analytics, can also
reinforce green HRM, with results in terms of identifying and
strengthening environmentally friendly employee behaviors. Such
technological tools can be used to prioritize the sustainability efforts
and help reduce the amount of waste in the operations.

Green HR practices are also used to support objectives of environ-
mental alignment of the organization with employee engagement.
According to Zechiel et al. (2024), mutual green interrelation among
companies and workers can contribute to a sustainable business
model. However, when sustainability is incorporated into HR develop-
ment activities, it can also provoke an ethical question regarding talent
management and long-term planning of the workforce (Chang and
Ke, 2023). Nevertheless, instilling environmental values in HR systems
can strengthen organizational resilience and remain competitive in
increasingly sustainable markets (Papademetriou et al., 2025).

The transition to green HRM requires the development of an
organizational culture that would be more environmentally respon-
sible in all the dimensions of the organization (Raghuwanshi and
Acharya, 2020). When this type of integration is in place, the employ-
ees are motivated to take into consideration environmental consider-
ations in their day-to-day operations and decision-making.
Uthayasurian et al. (2019) contend that green HRM is a broader com-
mitment of firms to the protection of the environment due to their
structured policies and practices. Organizations should encourage
employee participation in sustainable initiatives, which will improve
the environmental performance and commitment of the workforce at
the same time (Marrucci et al., 2023). Overall, green human resource
practices offer a decisive channel of harmonizing the behavior of the
employees with corporate sustainability plans. It is through such prac-
tices that organizations are able to attain a long-term environmental
performance and also enhance their competitiveness in a marketplace
that is increasingly becoming sustainability conscious.

2.4 Green transformation leadership

Green transformational leadership is critical in influencing
the environmental awareness of employees and making them
value collective environmental interests at the expense of personal
gains. This act of leadership encourages people to take positive
initiative in relation to environmental concerns and make their
actions consistent with a common sustainability vision (Tran,
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2023). Having a clear picture of the environment and supporting
environmentally responsible behaviors will instill a feeling of
responsibility in employees to protect natural resources (Chen and
Wu, 2022). These leaders make their followers go beyond the offi-
cial job descriptions and engage in environmental protection
efforts (Zaid and Yaqub, 2024). Green transformational leadership
facilitates the internalization of environmental goals by the
employees since it entails the integration of sustainability in the
organizational values instead of attempting to impose it as a com-
mand. Mansoor et al. (2021) argue that the long-term environ-
mental initiatives are in need of the leadership that will spur
innovation and encourage new ways to improve the environmen-
tal performance.

Pro-environmental behavior is also enhanced by green transfor-
mational leadership through the development of shared values and
commitment. Employees are more likely to practice sustainability
when they feel that the environmental strategies are significant and
aligned with organizational purpose (Wang et al., 2024). This leader-
ship style inspires collaboration, innovation, and engagement in green
initiatives, which enhance the organizational buy-in to environmental
goals (Gull et al., 2022). In comparison to transactional leadership,
green transformational leadership is focused on the long-term envi-
ronmental involvement and constant improvement (Casarrubias et al.,
2025). Under these circumstances, workers have a higher chance of
being engaged in green work, internalize green objectives, and actively
take part in sustainability programs. Strong leadership engagement
also enhances the engagement of top-management in performance
monitoring of the environment and the introduction of green initia-
tives in the company (Huang et al., 2021).

Besides, green transformational leadership encourages self-lead-
ership and climate-friendly behaviors among employees and thus
improves organizational performance (Du and Yan, 2022). These lead-
ers can strengthen accountability to positive environmental change by
reinstating the value of stakeholders and encouraging the whole orga-
nization to embrace environmentally responsible behavior (Xiao et al.,
2024). In general, green transformational leadership plays the role of
one of the key determinants of environmental commitment, worker
engagement, and sustainable organizational performance.

2.5 Theoretical background

The rationale behind the proposed model is four complementary
theoretical lenses, which include the Resource-Based View (RBV), the
Ability-Motivation-Opportunity (AMO) theory, Transformational
Leadership theory, and the Sociotechnical Systems theory. Together,
these frameworks explain how internal resources, employee compe-
tencies, leadership style, and technological integration can synergisti-
cally affect the green human resource (HR) practices, adoption of the
metaverse, and environmental performance of the firm.

The resource-based view proposes that in the attainment of sus-
tainable competitive advantage, resources that are valuable, rare,
inimitable, and non-substitutable are utilized. The strategic assets are
human capital and advanced technologies, which boost the perfor-
mance of an organization including ecological results. Green compe-
tencies of the employees support green innovation, efficiency in
operations, and high-level environmental performance. On the same
note, other emerging digital technologies such as the metaverse are
technological capabilities that can support sustainability efforts as long
as they are properly incorporated into organizational systems.
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The AMO theory also explains the effects of green HR practices on
the behavior of employees. According to this model, the performance
of the employees is determined by three factors that include ability,
motivation, and opportunity (Elshaer et al., 2022; Zervas and Stiakakis,
2024). Green HR practices enhance the environmental competencies
(ability), the pro-environmental attitudes (motivation), and the cre-
ation of favorable organizational conditions to take sustainable action
(opportunity) of employees. The combination of these factors makes
the employees more willing to engage in behaviors that improve envi-
ronmental performance (Asfahani, 2023).

The Transformational Leadership theory can provide a clue on
how leaders can influence the sustainability of the results.
Transformational leaders express a significant environmental picture,
encourage shared passion, and provoke creative thinking (Huang et
al,, 2021). Leaders play a role in the culture by leading through exam-
ple and promoting intellectualism to promote environmental respon-
sibility and technology adoption (Elshaer et al., 2025; Quttainah and
Ayadi, 2024). This type of leadership will empower the execution of
the green initiatives and increase their environmental performance
effectiveness.

Sociotechnological systems theory focuses on the interconnected-
ness of social, e.g., organizational culture, leadership, and employee
behavior, as well as the technological systems, green technologies,
digital platforms, and metaverse spaces. When technology and human
factors are harmonious and complementary, the performance of the
environment will be enhanced. Inclusion of metaverse technologies in
the supportive HR systems and visionary leadership structures
improves sustainability outcomes through optimization of social and
technical capabilities.

Put together, these theoretical lenses determine the interaction
between metaverse adoption, green HR practices, and green transforma-
tional leadership as a factor in environmental performance. The interac-
tions between these constructs cannot be explained by simple line
associates, but rather through an integrated theoretical explanation
because sustainability outcomes are a resultant product of the interactions
of resources, human behavior, leadership, and technological systems.

2.6 Hypotheses development and
justification

H1: The adoption of the metaverse has a positive effect on the
green HR practices.

The implementation of high-level digital technologies such as the
metaverse will improve organizational capabilities and transform the
HR processes, considering the RBV and Socio-Technical Systems per-
spectives. Such platforms as a metaverse can promote virtual team-
work, immersive training, and digital activities that can reinforce
environment-based recruitment, training, and performance frame-
works. With the adoption of digital space in organizational operations,
HR practices change with the aim of facilitating the sustainability
goals (Al-Amin et al., 2021). Therefore, the adoption of the metaverse
will have a positive effect on green HR practices.

H2: Green HR practices have a positive effect on the environ-
mental performance of firms.

The AMO theory postulates that employees behave in a pro-envi-
ronmental manner when they have the necessary capability, the drive,

frontiersin.org


https://doi.org/10.3389/frsus.2026.1739485
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org

Tanveer and Ayadi

and the chances. Green HR practices foster environmental compe-
tency, promote an attitude toward sustainable behavior, and offer insti-
tutional support for environmentally responsible behavior. Green HR
practices improve the environmental performance of the firms by
ensuring that workers work toward a sustainable organizational objec-
tive (Islam et al., 2022). Thus, the environmental performance and
green HR practices are expected to be positively correlated.

H3: Green HR practices mediate the relationship between the

adoption of the metaverse and firm environmental

performance.

Although the adoption of the metaverse gives technological
capacity, its environmental performance determines its effects on the
environment based on its effectiveness in incorporating it into the
organizational systems. According to the Sociotechnical Systems
Theory, technology will not lead to better results by itself but has to be
combined with human and organizational processes (Al Mamun and
Uddin, 2025). Green HR practices turn the adoption of technology
into behavioral change by providing employees with skills and motiva-
tion that enable them to use digital tools sustainably. Therefore, there
is a mediation relationship between metaverse adoption and environ-
mental performance through green HR practices.

H4: Green transformational leadership moderates the connec-
tion between green HR practices and firm environmental
performance.

The Transformational Leadership theory asserts that leaders
determine how effective the organizational practices are in perfor-
mance outputs. Green transformational leaders strengthen environ-
mental philosophy, inspire loyalty, and maintain the application of
sustainability programs (Al Mamun et al., 2024). Green HR practices
are better implemented and deliver more environmental results when
leadership encouragement is high. Thus, it is hypothesized that green
transformational leadership will play a positive moderating role
between green HR practices and environmental performance by the
firm (Figure 1).

3 Research methodology

The research article uses the quantitative research approach to test
the relationships between metaverse adoption, green HR practices,

10.3389/frsus.2026.1739485

performance. By using this approach, the researcher can understand
the influence of one variable on another and the direct and indirect
effects of independent and mediator variables to dependent variable.

3.1 Research context and sampling
justification

Saudi Arabia is a strategically prominent emerging economy that
is in concurrent digital transformation and sustainability reform pro-
cesses as part of Vision 2030. The state has also put in place a heavy
investment in digital infrastructure, artificial intelligence, smart gov-
ernance, and green economic diversification programs. Under this
national transformation agenda, companies are increasingly supposed
to match their online capacities with environmental sustainability
goals. Riyadh was chosen as the center of interest due to the fact that
it acts as the administrative, technological, and economic center of
Saudi Arabia. Most of the top IT companies, digital innovation cen-
ters, and policy-based transformation projects are located in Riyadh.
Being the location of the head offices of the largest enterprises and
governmental bodies that have to introduce the digital strategy,
Riyadh can offer a suitable and focused environment to investigate the
connection between the digital transformation and the environmental
performance.

The reason why the IT sector has been chosen is that it is at the
center of facilitating the digital transformation across industries. IT
companies are highly technological industries as opposed to tradi-
tional industries that have IT capabilities as auxiliary tools, which can
be the main strategic resources in these companies. IT activities also
involve high energy use in data centers, cloud services, and digital
platforms, and therefore, environmental performance has become a
more pressing issue. The investigation of the IT industry thus allows
one to consider sustainability results in an environment where digital
transformation is not only widespread but also integrated into the
strategy.

The choice of HR managers as key informants was related to three
major reasons:

1 Strategic visibility: HR managers have cross-functional knowl-
edge of organizational practices, leadership behaviors, devel-
opment of digital skills, and sustainability efforts.

2 Participation in transformation Processes: to transform digi-
tally, the transcription of workforces and their reskilling, alter-
ing the structure, and adapting the culture of an organization
is often required, as is commonly organized or enabled by HR
departments.

green transformation leadership, and firm environmental 3 Knowledge of leadership practices: Since sustainability-based
Green
Green HR Practices Transformation
Leadership
H1 H3 H4
H2 Firm Environmental
Metaverse

Performance

FIGURE 1

Theoretical model.
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leadership affects employee behavior and the organizational
culture, the HR managers are in a good position of evaluating
green transformational leadership practices in organizations.

Earlier studies on organizational change and management often
depend on the senior HR professionals as knowledgeable infor-
mants because of their general knowledge of the organizational
systems.

To have data quality and relevancy, the following eligibility criteria
were used:

« The respondents should be in an HR position of managerial level.

« Companies are forced to conduct business in Riyadh in the
field of IT.

« Organizations should have been undertaking digital transforma-
tion activities for at least 2 years.

o The respondents should also be employees in an organization with
a minimum of 3 years” experience so that they are familiar with
the strategic initiatives.

A minimum of 50 employees has to be employed by firms to pro-
vide a structured management system. These requirements helped in
making sure that the participants were relevant in terms of their
knowledge and experience, to give informed responses on matters
concerning digital transformation, practices of leadership, and envi-
ronmental performance outcomes.

3.2 Data collection

The researcher uses the survey method to collect the data from
HR managers working in the IT sector organizations located in
Riyadh, KSA. The questionnaire was developed and distributed
among the HR managers working in different organizations. The
researcher distributed 325 questionnaires to the HR managers and
received 303 responses. Out of the 303, a total of 277 responses are
finalized to test the relationship among variables; 26 responses are
missing values or filled by irrelevant persons. The final dataset used by
the researcher was 277 responses.

3.3 Data analysis software

In this research, the analysis of the proposed conceptual model
was done with the help of the Partial Least Squares Structural Equation
Modelling (PLS -SEM) using SmartPLS (4.0). The choice of PLS-SEM
was based on the fact that the study aims to test complex structural
correlations with the presence of direct, mediating, and moderating
effects. The proposed model includes several latent factors, terms of

TABLE 1 Measurement constructs and items.

10.3389/frsus.2026.1739485

interaction, and predictive relationships, which makes the use of vari-
ance-based SEM especially suitable. PLS-SEM has been selected due
to the following four main reasons:

« The conceptual model contains the effects of mediation and mod-
eration, and several interdependent relationships have to be esti-
mated simultaneously. PLS-SEM is quite appropriate in treating
such a complicated structure model.

« Predictive in nature: the study takes the view of a predictive per-
spective to explain variance in environmental performance. PLS-
SEM is suggested in case the major aim is prediction and extension
of theories instead of the strict confirmation of the theory.

o PLS-SEM is better than covariance-based SEM when the sample
size is moderate, and they do not need large samples to obtain
consistent estimates.

o PLS-SEM is not based on multivariate normality, and is suitable
for survey data on organizations that do not follow a normal
distribution.

3.4 Construct items

In this research article, four variables were used to test the
relationships. Independent variable is metaverse adoption, which
was adapted from the study by Dwivedi et al. (2022). Green HR
practices was performing as a mediator variable, which was
adapted from the study by Renwick et al. (2013). Firm environ-
mental performance was a dependent variable, which was adapted
from the study by Roscoe et al. (2019). Green transformation lead-
ership was the only moderator that was adapted from the study by
Chen and Chang (2013) (Table 1).

4 Data analysis

Table 2 depicts the demographic information of the data. The final
dataset is 277 responses for testing the relationship. The indicator is
about the gender of the respondents; 237 respondents are male, which
means 85.50%, remaining 40 respondents are female, with the per-
centage of 14.50%. The second indicator represents the IT sector
industries; 105 organizations belong to software houses with the per-
centage of 37.90%, 75 firms represent the IT services with the percent-
age of 27.00%, and 97 firms are related to database management with
the percentage of 35.10%. The last column shows the experience level
of the respondents; 48 respondents have 0-3 years of experience, with
17.32%, 173 respondents have 4-7 years of experience, with 62.45%,
and 56 respondents have more than 7 years of experience, with 20.23%.

Construct No. of items Sample item Source
We employ immersive training programs in the metaverse to upskill employees
Metaverse Adoption 3 Dwivedi et al. (2022)
effectively.
Our recruitment process prioritizes candidates with environmental awareness
Green HR Practices 6 Renwick et al. (2013)
and sustainability values.
Firm Environmental Performance 3 Our organization reduces energy and resource consumption effectively. Roscoe et al. (2019)
Green Transformation Leadership 4 Leaders act as role models in practicing eco-friendly behavior. Chen and Chang (2013)
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4.1 Reliability of the data

Table 3 shows the values of Cronbach’s alpha, composite reli-
ability, and average variance extracted (AVE). The minimum
threshold values for Cronbach’s alpha are <0.7, which means poor
internal consistency, 0.7-0.79 means acceptable internal consis-
tency, 0.8-0.89 means good internal consistency, and more than
0.9 means excellent internal consistency. The value for composite
reliability is 0.7 or higher, which means that measures are reliable
and consistent. The value for average variance extracted (AVE) is
0.5 or higher, which means that variables explain 50% of the vari-
ance in their indicators.

Firm environmental performance has 0.711 Cronbach’s alpha,
0.718 composite reliability, and 0.562 average variance extracted
(AVE) values. All three values are accepted and indicate the internal
consistency. Green HR practices has 0.865 Cronbach’s alpha, 0.873
composite reliability, and 0.598 AVE. Green Transformation
Leadership has 0.845 Cronbach’s alpha, 0.873 composite reliability,
and 0.681 AVE. The metaverse adoption has 0.865 Cronbach’s alpha,
0.943 composite reliability, and 0.785 AVE values. All the constructs
have reliable values.

4.2 Discriminant validity

Table 4 represents the values for discriminant validity. The rule of
thumb is that the square root of AVE must be greater than the values
shown in the same row and column for the off-diagonal correlation.
The value of firm environmental performance is 0.750, which is
greater than the other values, 0.143, 0.597, and 0.123. Green HR prac-
tices value is 0.773, which is also greater than other values as shown
in the table. Green transformational leadership is 0.825, which is
greater than other values. Metaverse adoption value is 0.886, which is
greater than 0.123, 0.474, and 0.147.

TABLE 2 Demographics of the study.

10.3389/frsus.2026.1739485

HTMT was used to assess discriminant validity. Table 5 depicts
that all HTMT values are less than the conservative value of 0.85,
which is why it is concluded that the constructs have satisfactory dis-
criminant validity. The highest value of HTMT was the one that com-
pared firm environmental performance and green transformational
leadership (0.642), which is within the acceptable limits. The other
construct pairs show much lower HTMT ratios, which also support
the empirical uniqueness of the constructs. These findings, therefore,
suggest that the issues of multicollinearity and discriminant validity
do not exist in the measurement model.

4.3 Structural model

The diagram of the structural model depicts the values of the
items, R-square, and the change occurring in one variable due to
other constructs. The independent variable is metaverse adoption,
which has three items. The values for all three items are as follows:
0.871, 0.939, and 0.845. All values are acceptable. The mediating vari-
able is green HR practices, which contains six items. The values of all
items are as follows: 0.805, 0.719, 0.854, 0.795, 0.704, and 0.753. All
the values are acceptable. Firm environmental performance is the
dependent variable in the study. The variable has three items, and all
the values are good. The last variable is Green Transformational
Leadership, which is tested with the help of four items, and all the
values are good and acceptable. H1 is measuring the direct effect of
metaverse adoption toward the green HR practices which is positive
and has the value of 0.474, which means that H1 is supported. H2
indicates the direct relationship of green HR practices to firm envi-
ronmental performance, which has the value of 0.149, positive value
means H2 is supported. H3 test the mediating role of green HR prac-
tices between metaverse adoption and firm environmental perfor-
mance. The value —0.026 indicates the negative direct relationship
between metaverse adoption and firm environmental performance.

Demographics Details Numbers Ratio
Gender Male 237 85.50%
Female 40 14.50%
IT Sector Industries Software House 105 37.90%
IT Services 75 27.00%
Database Management 97 35.10%
Experience 0-3 Years 48 17.32%
4-7 Years 173 62.45%
More than 7 Years 56 20.23%

TABLE 3 Construct reliability and validity.

Constructs Cronbach'’s alpha Composite reliability ~ Average variance
(rho_a) extracted (AVE)

Firm Environmental Performance 0.711 0.718 0.562

Green HR Practices 0.865 0.873 0.598

Green Transformation Leadership 0.845 0.873 0.681

Metaverse Adoption 0.865 0.943 0.785
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TABLE 4 Discriminant validity Fornell—Larcker.

10.3389/frsus.2026.1739485

Constructs Firm environmental Green HR Green transformation Metaverse
performance practices leadership adoption
Firm Environmental
0.750
Performance
Green HR Practices 0.143 0.773
Green Transformation
0.597 0.022 0.825
Leadership
Metaverse Adoption 0.123 0.474 0.147 0.886

TABLE 5 Discriminant validity—HTMT.

Constructs Firm environmental Green HR Green transformational Metaverse
performance practices leadership adoption
Firm Environmental
Performance
Green HR Practices 0.158
Green Transformational
0.642 0.041
Leadership
Metaverse Adoption 0.136 0.512 0.166

TABLE 6 Structural model results.

Hypothesis Structural path Path coefficient (8) Result

H1 Metaverse Adoption — Green HR Practices 0.474 Supported
Green HR Practices — Firm Environmental

H2 0.149 Supported
Performance

H3 Green HR Practices (Mediation Effect) —0.026 (Direct Value) Full Mediation
Green Transformational Leadership (Moderation

H4 0.086 Weak Moderation
Effect)

TABLE 7 Coefficient of determination (R?).

Construct R? value Interpretation

Green HR Practices 0.225 Moderate explanatory power

Firm Environmental Substantial explanatory
0.380

Performance power

The overall model explains a significant portion of the variance in both the mediator, which is
green HR practices, and the outcome variable, which is firm environmental performance. This
means the theoretical framework metaverse adoption (Independent Variable), green HR
practices (Mediator), and firm environmental performance (Dependent Variable), moderated by
green transformational leadership, has good predictive validity and practical relevance.

However, the indirect effect is significant, which means that green HR
practices mediate the relationship between metaverse adoption and
firm environmental performance (Table 6).

H3 explains the full mediation and support. Metaverse adoption
will not directly enhance the firm’s environmental performance; they
need green HR policies to make it better. H4 is the moderating role of
green transformation leadership between green HR practices and firm
environmental performance. The value is 0.086, which indicates a less
moderating effect, but the result is positive, meaning that H4 is sup-
ported as well. All the hypotheses of the study are supported, and the
item values are acceptable (Table 7; Figure 2).

Frontiers in Sustainability

5 Discussion

The outcomes of H1 indicate that the implementation of meta-
verse technologies has a positive and statistically significant effect on
the green human resource practices. This fact is supported by previous
studies and argues that digital technologies can help optimize
resources, decrease waste, and increase the level of environmental
monitoring (Parry and Battista, 2023). Similar data have been pre-
sented by the European manufacturing companies and East Asian
technology startups, where digitalization has increased carbon track-
ing and operational sustainability. Nevertheless, the current research
builds on this body of literature in two important aspects. To begin
with, the developed economies, which were mostly used as a sample
in previous studies, are those with well-developed sustainability poli-
cies; in this case, digital transformation proves to be a way to increase
the environmental performance in an emerging economy with a high
pace of modernization, i.e., Saudi Arabia. Second, in the Saudi IT
sector, in which digital capabilities are the key strategic resource, the
environmental payoffs of digital transformation seem especially high
due to the high intensity of the data infrastructure and the increased
regulatory focus under Vision 2030. In turn, these findings contribute
to the literature by showing that the effects of the digital transforma-
tion on the environment are not limited to Western settings; instead,
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the same effects can be achieved in the framework of policy-driven
digital transformations.

H2 suggests that there is a positive correlation between green
human resource practices and environmental performance of the
firm, which becomes relevant in accordance with the previous
literature that suggests that green human resource programs
increase both environmental performance and strategic align-
ment. As compared to the previous literature, in which sustain-
ability is often discussed as a complex concept, the current
findings emphasize the fact that environmental performance is a
highly sensitive aspect of the Saudi IT environment (Tang et al,,
2018). This could be indicative of an increasing government focus
on environmental key performance indicators as part of the Vision
2030, where digital accountability systems become part of the tar-
gets of sustainability.

H3 validates the fact that green human resource practices are
a mediation agent whereby organizational initiatives, such as
metaverse adoption, are converted to sustainable performance.
This observation supports the Dynamic Capabilities Theory that
argues that companies need to rearrange resources to create per-
formance consequences. Although the former literature usually
assumes the linear connection between technology and perfor-
mance, the current findings elucidate the mediating process: digi-
tal transformation reorganizes organizational processes, thus
enhancing sustainability indicators. The mediation effect explains
why some companies do not achieve sustainability returns even
after investing in technologies; they might not be efficient enough
in the transformation processes (Afsar et al., 2020). In the Saudi
IT industry, in which the fast pace of development of digital
infrastructure is state-led, digital transformation acts as the con-
nection between strategic projects and effective environmental
results.

Frontiers in Sustainability

The outcomes of H4 confirm that transformational leadership
that is green enhances the relationship between environmental
performance and digital transformation to a great extent. This
observation is aligned with the research on the sustainability of
leadership that indicates that eco-oriented leaders facilitate pro-
environmental behavior and correlate the organizational values to
the sustainability agenda (Chen and Chang, 2022). However, the
present research contributes to the body of knowledge by demon-
strating that the impact of leadership is not merely the direct rela-
tionship between them but also because it intensifies the efficiency
of digital systems to generate environmental impacts. Meaning, it
cannot be technology only. In the Saudi context, where casual and
strict leadership hierarchies, combined with value-based manage-
ment practices, are culturally relevant, the role of leadership ori-
entation becomes especially important in the process of digital
capabilities being translated into environmental action. The iden-
tified moderating effect seems to be stronger, as compared to the
results found in Western or decentralized contexts, suggesting that
leadership influence might be boosted in collectivist and high
power-distance cultures. This observation also contributes to sus-
tainability literature because it highlights leadership as a situa-
tional enhancer of the impacts of digital transformation.

6 Conclusion

The study aimed to explore how metaverse adoption affects
environmental and sustainable performance in the information
technology (IT) sector of Saudi Arabia, with the specific interest
of the mediating effect of green HR practices. The article was
based on the dynamic capability theory and the current
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sustainability literature and aimed toward explaining the mecha-
nisms and boundary conditions that make the digital initiatives
transferable into measurable environmental advantages. The
design was a quantitative research design, which used survey data
as a source of information collected among human resource man-
agers working in IT companies located in Riyadh, Saudi Arabia.
The obtained data were performed on the Partial Least Squares
Structural Equation Modeling (PLS-SEM) to determine the direct,
mediating, and moderating relationships as established in the pro-
posed Sustainable Digital Transformation Model.

Metaverse adoption was identified to improve the environ-
mental performance and the overall sustainable performance of
companies significantly. This finding confirms that digital tech-
nologies do not just serve as operational capabilities but also as
strategic capabilities of sustainability, especially in highly digitized
industries. Second, organizational initiatives are translated into
sustainability outcomes using green HR practices as an enabling
mediating factor. It is quite evident that sustainability gains do not
emerge through isolated technological investment; instead, they
become manifested in a form of green HR practices that restruc-
ture organizational routine and capability. Third, green transfor-
mational leadership was revealed to have a moderating
contribution to the metaverse adoption effects on firm sustainable
performance. This observation highlights the reality that leader-
ship orientation is an essential prerequisite, within the Saudi envi-
ronment, where hierarchical lines and culturally oriented
management are major characteristics. In conclusion, this study
notes that the interactions between technological change, organi-
zational capacity, and leadership orientation are key to sustainable
performance in new digital economies.

6.1 Theoretical and practical
contributions

In theory, this study contributes to sustainability research
because it combines metaverse adoption and green HR practices
in the context of a dynamic capability framework and offers a
more mechanism-based explanation of firm sustainable perfor-
mance. To provide empirical evidence, it provides evidence based
on the IT sector in Saudi Arabia, which is a largely underre-
searched and strategically significant emerging digital sector in
policy-oriented transition under Vision 2030. In practice, the
study shows that companies seeking to achieve better environ-
mental results have to invest in digital infrastructure as well as in
the alignment of leadership and development of organizational
capabilities.

6.2 Limitations and future research
directions

This research article has a number of limitations that also
offer future research opportunities. First, the sample has been nar-
rowed down to the information technology sector, which might
diminish the results in generalizability. Future studies ought to
generalize the proposed model in other non-service sectors, such
as manufacturing, to increase external validity and criticize sec-
tor-specific dynamics. Second, the current model focuses on the

Frontiers in Sustainability

10.3389/frsus.2026.1739485

adoption of the metaverse, green human resource, green transfor-
mational leadership, and performance on the environment. To
make the framework more comprehensive, future studies can
extend the framework to include more elements of organizations,
such as the integration of supply chain, customer orientation, and
product innovation, to make the results of sustainability more
all-encompassing.

Third, other typologies of leadership, including servant lead-
ership, responsible leadership, or ethical leadership, might be
examined as potential moderators or antecedents in the model.
The comparison between various leadership strategies can bring
a better understanding of the situational factors that maximize the
effectiveness of sustainability projects. Fourth, the research design
used in the study was cross-sectional. Further research might use
quasi-longitudinal or longitudinal data to more stringently test
the causal relationships between metaverse adoption and green
HR practices and sustainability outcomes. The longitudinal
designs would also enable the researcher to get the dynamic
change of digital transformation and environmental performance
over time. Finally, other mediating variables can be added, includ-
ing green innovation, employee green behavior, and organiza-
tional learning, to come up with a more detailed model that
explains the effect of metaverse adoption on the environmental
performance. Such studies across national boundaries or across
multiple industries would provide an even stronger foundation
and external validity of the results.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent from the
(patients/participants or patients/participants legal guardian/next
of kin) was not required to participate in this study in accordance
with the national legislation and the institutional requirements.

Author contributions

MT: Writing - review & editing, Resources, Conceptualization,
Funding acquisition, Writing - original draft, Project administra-
tion, Investigation, Methodology, Supervision, Validation,
Software, Formal analysis, Data curation, Visualization. FA:
Writing - review & editing, Resources, Funding acquisition,
Validation, Software, Formal analysis, Data curation.

frontiersin.org


https://doi.org/10.3389/frsus.2026.1739485
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org

Tanveer and Ayadi

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted
in the absence of any commercial or financial relationships
that could be
interest.

construed as a potential conflict of

Correction note

This article has been corrected with minor changes. These changes
do not impact the scientific content of the article.

References

Afsar, B., Magsoom, A., Shahjehan, A., Afridi, S. A., Nawaz, A., and Fazliani, H. (2020).
Responsible leadership and employee's proenvironmental behavior: the role of organiza-
tional commitment, green shared vision, and internal environmental locus of control.
Corp. Soc. Responsib. Environ. Manage. 27, 297-312.

Al Mamun, A., and Uddin, M. A. (2025). Exploring the relationship between sustainable
strategy and sustainable performance in a mediated mechanism with socially responsible
human resource management. Asia Pac. Manag. Rev. 30:100372. doi: 10.1016/j.
apmrv.2025.100372

Al Mamun, A., Uddin, M. A, Rana, T., Biswas, S. R., and Dey, M. (2024). Socially
responsible human resource management for sustainable performance in a moderated
mediation mechanism. Sustainable Futures 8:100362. doi: 10.1016/j.sftr.2024.100362

Al-Amin, M., Akter, R., Akter, A., Uddin, M., and Mamun, A. (2021). Socially responsible
human resource management and voluntary environmental behavior: the moderating
effect of ecocentric leadership. Cent. Eur. Manag. J. 29, 147-168.

Alshuaibi, M. S. I, Alhebri, A., Khan, S. N., and Sheikh, A. A. (2024). Big data analytics,
GHRM practices, and green digital learning paving the way towards green innovation
and sustainable firm performance. J. Open Innov. Technol. Market Complexity 10:100396.
doi: 10.1016/j.joitmc.2024.100396

Asfahani, A. M. (2023). Green HRM and servant leadership: driving competitive advan-
tage and environmental performance in higher education. Sustainability 15:7921. doi:
10.3390/su15107921

Casarrubias, C. R., Lopez, J. L. A, Alviso, C. R,, Bello, M. C,, and Salinas, S. V. (2025).
Community Environmental Leadership and Sustainability: Building Knowledge from the
Local Level. Sustainability, 17:3626. doi: 10.3390/su17083626

Chang, Y.-L., and Ke, J. (2023). Socially responsible artificial intelligence empowered
people analytics: a novel framework towards sustainability. Hum. Resour. Dev. Rev. 23:88.
doi: 10.1177/15344843231200930

Chen, Y. S., and Chang, C. H. (2013). The determinants of green product development
performance: green dynamic capabilities, green transformational leadership, and green
creativity. J. Bus. Ethics 116, 107-119.

Chang, M.-Y,, and Chen, H.-S. (2022). Understanding consumers\u0027 intentions to
purchase clean label products: Evidence from Taiwan. Nutrients, 14, 3684. doi: 10.3390/
nul4183684

Chen, T, and Wu, Z. (2022). How to facilitate employees’ green behavior? The joint role
of green human resource management practice and green transformational leadership.
Front. Psychol. 13:906869. doi: 10.3389/fpsyg.2022.906869

Cui, J. (2025). Empirical Analysis of digital Innovations impact on Corporate ESG
Performance: the Mediating role of GAI Technology. FSMR, 1:1000048. doi: 10.71204/
dapv6405

Din, M. U, Tanveer, M., and Khan, M. E (2025). The green shift: harnessing leadership,
HR, and culture for sustainable success. Waste Manag. Bull. 3:100220. doi: 10.1016/j.
wmb.2025.100220

Ding, W. W. C., and Rafig, M. (2025). Sustaining talent: the role of personal norms in the
relationship between green practices and employee retention. Sustainability 17:4471. doi:
10.3390/su17104471

Du, Y., and Yan, M. (2022). Green transformational leadership and employees’ taking
charge behavior: the mediating role of personal initiative and the moderating role of

Frontiers in Sustainability

10.3389/frsus.2026.1739485

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its manufacturer, is
not guaranteed or endorsed by the publisher.

green organizational identity. Int. J. Environ. Res. Public Health 19:4172. doi: 10.3390/
ijerph19074172

Dwivedi, Y. K., Hughes, L., Baabdullah, A. M., Ribeiro-Navarrete, S., Giannakis, M.,
Al-Debei, M. M., et al. (2022). Metaverse beyond the hype: multidisciplinary perspectives
on emerging challenges, opportunities, and agenda for research, practice and policy. Int.
J. Inf. Manag. 66:102542. doi: 10.1016/}.ijinfomgt.2022.102542

Elshaer, I. A., Abdelrahman, M. A, Azazz, A. M. S., Alrawad, M., and Fayyad, S. (2022).
Environmental transformational leadership and green innovation in the hotel industry:
two moderated mediation analyses. Int. J. Environ. Res. Public Health 19:16800. doi:
10.3390/ijerph192416800

Elshaer, I. A., Azazz, A. M. S., Kooli, C., Aljoghaiman, A., Elsawy, O., and Fayyad, S. (2025).
Green transformational leadership’s impact on employee retention: does job satisfaction
and green support bridge the gap? Admin. Sci. 15:177. doi: 10.3390/admsci15050177

Feroz, A. K., Zo, H., and Chiravuri, A. (2021). Digital transformation and environmental sustain-
ability: a review and research agenda [review of digital transformation and environmental sus-
tainability: a review and research agenda]. Sustainability 13:1530. doi: 10.3390/su13031530

Gull, S., Qamar, U,, Bukhari, S. N. Z., and Tanvir, A. (2022). Is transformational leadership
instrumental to environmental sustainability? A perspective of Pakistani textile sector.
Industria Textila 73:411. doi: 10.35530/it.073.04.202157

Hazbi, E E., and Mounir, Y. (2023). Environmental, social, and Governance (ESG)
Practices and Environmental Performance: The Mediation role of Technology Innovation.
E3S Web of Conferences. 412:01009. doi: 10.1051/e3sconf/202341201009

Huang, S. Y. B,, Ting, C., and Li, M.-W. (2021). The effects of green transformational
leadership on adoption of environmentally proactive strategies: the mediating role of
green engagement. Sustainability 13:3366. doi: 10.3390/su13063366

Islam, M., Mamun, A. A., Afrin, S., Ali Quaosar, G. A., and Uddin, M. A. (2022).
Technology adoption and human resource management practices: the use of artificial
intelligence for recruitment in Bangladesh. South Asian ]. Hum. Resour. Manage. 9,
324-349. doi: 10.1177/23220937221122329

Jia, X., and Hou, Y. (2024). Architecting the future: exploring the synergy of Al-driven
sustainable HRM, conscientiousness, and employee engagement. Discov. Sustain. 5:214.
doi: 10.1007/s43621-024-00214-5

Liu, L., Wang, X,, Tang, L., Sun, Z., and Wang, X. H. (2025). Exploring the conditional
ESG payoft of Al adoption: the roles of learning capability, digital TMT, and operational
slack. Systems 13:399. doi: 10.3390/systems13060399

Mandip, G. (2012). Green HRM: people management commitment to environmental
sustainability. Available online at: http://www.isca.in/rjrs/archive/iscsi/38.ISCA-
ISC-2011-18CLM-Com-03.pdf

Mansoor, A., Farrukh, M., Lee, J., and Jahan, S. (2021). Stimulation of employees’ green
creativity through green transformational leadership and management initiatives.
Sustainability 13:7844. doi: 10.3390/sul13147844

Marrucci, L., Daddi, T., and Iraldo, E (2023). Creating environmental performance indi-
cators to assess corporate sustainability and reward employees. Ecol. Indic. 158:111489.
doi: 10.1016/j.ecolind.2023.111489

Papademetriou, C., Anastasiadou, S., Belias, D., and Ragazou, K. (2025). Integrating sus-
tainability into human resource management: building a greener workforce for the future.
Sustainability 17:1113. doi: 10.3390/su17031113

frontiersin.org


https://doi.org/10.3389/frsus.2026.1739485
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org
https://doi.org/10.1016/j.apmrv.2025.100372
https://doi.org/10.1016/j.apmrv.2025.100372
https://doi.org/10.1016/j.sftr.2024.100362
https://doi.org/10.1016/j.joitmc.2024.100396
https://doi.org/10.3390/su15107921
https://doi.org/10.3390/su17083626
https://doi.org/10.1177/15344843231200930
https://doi.org/10.3390/nu14183684
https://doi.org/10.3390/nu14183684
https://doi.org/10.3389/fpsyg.2022.906869
https://doi.org/10.71204/dapv6405
https://doi.org/10.71204/dapv6405
https://doi.org/10.1016/j.wmb.2025.100220
https://doi.org/10.1016/j.wmb.2025.100220
https://doi.org/10.3390/su17104471
https://doi.org/10.3390/ijerph19074172
https://doi.org/10.3390/ijerph19074172
https://doi.org/10.1016/j.ijinfomgt.2022.102542
https://doi.org/10.3390/ijerph192416800
https://doi.org/10.3390/admsci15050177
https://doi.org/10.3390/su13031530
https://doi.org/10.35530/it.073.04.202157
https://doi.org/10.1051/e3sconf/202341201009
https://doi.org/10.3390/su13063366
https://doi.org/10.1177/23220937221122329
https://doi.org/10.1007/s43621-024-00214-5
https://doi.org/10.3390/systems13060399
http://www.isca.in/rjrs/archive/iscsi/38.ISCA-ISC-2011-18CLM-Com-03.pdf
http://www.isca.in/rjrs/archive/iscsi/38.ISCA-ISC-2011-18CLM-Com-03.pdf
https://doi.org/10.3390/su13147844
https://doi.org/10.1016/j.ecolind.2023.111489
https://doi.org/10.3390/su17031113

Tanveer and Ayadi

Parry, E., and Battista, V. (2023). The impact of emerging technologies on work: a review
of the evidence and implications for the human resource function. Emerald Open
Research, 1. doi: 10.1108/EOR-04-2023-0001

Pham, N. T,, Hoang, H. T., and Phan, Q. P. T. (2019). Green human resource management:
a comprehensive review and future research agenda. Int. J. Manpow. 41:845. doi: 10.1108/
ijm-07-2019-0350

Quttainah, M. A., and Ayadi, I. (2024). The impact of digital integration on corporate
sustainability: emissions reduction, environmental innovation, and resource efficiency in
the European. J. Innov. Knowl. 9:100525. doi: 10.1016/j.jik.2024.100525

Raghuwanshi, S., and Acharya, S. (2020). Green HRM-strategies for greening people. Int.
J. Tech. Res. Sci. 5:11. doi: 10.30780/ijtrs.v05.106.003

Renwick, D. W,, Redman, T., and Maguire, S. (2013). Green human resource manage-
ment: a review and research agenda. Int. J. Manag. Rev. 15, 1-14.

Roscoe, S., Subramanian, N., Jabbour, C. J. C., and Chong, T. (2019). Green human
resource management and the enablers of green organisational culture: Enhancing a firm\
u0027s environmental performance for sustainable development. Bus. Strategy Environ,
28, 737-748. doi:10.1002/bse.2277

Sang, Y., Loganathan, K., and Lu, L. (2024). Digital transformation and firm ESG perfor-
mance: the mediating role of corporate risk-taking and the moderating role of top man-
agement team. Sustainability 16:5907. doi: 10.3390/su16145907

Sang, Y., Loganathan, K., and Sukirthanandan, P. (2025). A study on the impact of
corporate digital transformation on environmental, social, and governance (ESG)
performance: mechanism analysis based on resource allocation efficiency and tech-
nological gap. Sustainability 17:3308. doi: 10.3390/su17083308

Sarfo, P. A., Zhang, J., Nyantakyi, G., Lassey, E A., Bruce, E., and Amankwah, O. (2024).
Influence of green human resource management on firms environmental performance:
green employee empowerment as a mediating factor. PLoS One 19:957. doi: 10.1371/journal.
pone.0293957

Sklavos, G., Theodossiou, G., Papanikolaou, Z., Karelakis, C., and Ragazou, K. (2024).
Environmental, social, and governance-based artificial intelligence governance: digitaliz-
ing firms’ leadership and human resources management. Sustainability 16:7154. doi:
10.3390/5u16167154

Sova, O., Bieliaieva, N., Antypenko, N., and Drozd, N. (2023). Impact of artificial
Intelligence and digital HRM on the Resource Consumption within Sustainable
Development Perspective. E3S Web of Conferences. 408:01006. doi: 10.1051/
e3sconf/202340801006

Taleb, M., and Kadhum, H. J. (2024). “The role of artificial intelligence in promoting the
environmental, social and governance (ESG) practices,” in Lecture notes in Networks and
Systems, ed. J. Kacprzyk (Cham: Springer International Publishing), 256.

Frontiers in Sustainability

12

10.3389/frsus.2026.1739485

Tang, G., Chen, Y., Jiang, Y., Paill¢, P, and Jia, J. (2018). Green human resource
management practices: scale development and validity. Asia Pac. J. Hum. Resour.
56, 31-55.

Tanveer, M. (2025). Leading green with heart and intelligence: uniting AI, emotional
intelligence, and transformational leadership for a sustainable future. Sust. Futures
10:101137. doi: 10.1016/j.s£tr.2025.101137

Uthayasurian, K., Renwick, D. S., and Maguire (2019). An examination of factor influenc-
ing on employee perception towards green human resource management. IJRTE 8:477.
doi: 10.35940/ijrte.c1083.1183s319

Wang, Z., and Makhbul, Z. K. M. (2024). Green human resource management as a catalyst
for sustainable performance: unveiling the role of green innovations. Sustainability
16:1453. doi: 10.3390/su16041453

Wang, Z., Zhang, T., Ren, X., and Shi, Y. (2024). Al adoption rate and corporate green
innovation efficiency: evidence from Chinese energy companies. Energy Econ.
132:107499. doi: 10.1016/j.eneco.2024.107499

Xiao, Y., Tao, X., Chen, P, and Kee, D. M. H. (2024). Leading with purpose: unraveling
the impact of responsible leadership on employee green behavior in the workplace.
Heliyon 10:¢30096. doi: 10.1016/j.heliyon.2024.e30096

Xu, J., She, S., and Liu, W. (2022). Role of digitalization in environment, social and gov-
ernance, and sustainability: review-based study for implications. Front. Psychol.
13:961057. doi: 10.3389/fpsyg.2022.961057

Xu, W,, Xu, J., and Zhang, W. (2025). Driving green transformation in equipment manu-
facturing enterprises: the role of digital technologies. Systems 13:332. doi: 10.3390/
systems13050332

Zaid, W. M. A, and Yaqub, M. Z. (2024). The prolificacy of green transforma-
tional leadership in shaping employee green behavior during times of crises in
small and medium enterprises: a moderated mediation model. Front. Psychol.
15:1258990. doi: 10.3389/fpsyg.2024.1258990

Zechiel, E, Blaurock, M., Weber, E., Biittgen, M., and Coussement, K. (2024). How tech
companies advance sustainability through artificial intelligence: developing and evaluat-
ing an AI x sustainability strategy framework. Ind. Mark. Manage. 119:75. doi: 10.1016/j.
indmarman.2024.03.010

Zervas, I, and Stiakakis, E. (2024). Economic sustainable development through digital
skills acquisition: the role of human resource leadership. Sustainability 16:7664. doi:
10.3390/sul6177664

Zhang, M., and Huang, Z. (2024). The impact of digital transformation on ESG perfor-
mance: the role of supply chain resilience. Sustainability 16:7621. doi: 10.3390/su16177621

frontiersin.org


https://doi.org/10.3389/frsus.2026.1739485
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org
https://doi.org/10.1108/EOR-04-2023-0001
https://doi.org/10.1108/ijm-07-2019-0350
https://doi.org/10.1108/ijm-07-2019-0350
https://doi.org/10.1016/j.jik.2024.100525
https://doi.org/10.30780/ijtrs.v05.i06.003
https://doi.org/10.1002/bse.2277
https://doi.org/10.3390/su16145907
https://doi.org/10.3390/su17083308
https://doi.org/10.1371/journal.pone.0293957
https://doi.org/10.1371/journal.pone.0293957
https://doi.org/10.3390/su16167154
https://doi.org/10.1051/e3sconf/202340801006
https://doi.org/10.1051/e3sconf/202340801006
https://doi.org/10.1016/j.sftr.2025.101137
https://doi.org/10.35940/ijrte.c1083.1183s319
https://doi.org/10.3390/su16041453
https://doi.org/10.1016/j.eneco.2024.107499
https://doi.org/10.1016/j.heliyon.2024.e30096
https://doi.org/10.3389/fpsyg.2022.961057
https://doi.org/10.3390/systems13050332
https://doi.org/10.3390/systems13050332
https://doi.org/10.3389/fpsyg.2024.1258990
https://doi.org/10.1016/j.indmarman.2024.03.010
https://doi.org/10.1016/j.indmarman.2024.03.010
https://doi.org/10.3390/su16177664
https://doi.org/10.3390/su16177621

	Analyzing the metaverse adoption for sustainable future: a moderated mediation model of green HR practices and environmental performance
	1 Introduction
	2 Literature review
	2.1 Firm environmental performance
	2.2 Metaverse adoption
	2.3 Green HR practices
	2.4 Green transformation leadership
	2.5 Theoretical background
	2.6 Hypotheses development and justification

	3 Research methodology
	3.1 Research context and sampling justification
	3.2 Data collection
	3.3 Data analysis software
	3.4 Construct items

	4 Data analysis
	4.1 Reliability of the data
	4.2 Discriminant validity
	4.3 Structural model

	5 Discussion
	6 Conclusion
	6.1 Theoretical and practical contributions
	6.2 Limitations and future research directions


	References

