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ARTICLE INFO ABSTRACT

Keywords: This study critically reviews the literature on metaverse technologies, developing an integrative framework to

Metaverse explore their sector-specific implications and transformative impact on business management. Employing the

Technology acceptance model Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework and machine

]c));gllirel :Z:T learning-based BERTopic modeling, the study identifies nine key themes, reflecting the diverse ways augmented

Tourism reality (AR), virtual reality (VR), extended reality (XR), digital twins, and decentralized finance (DeFi) influence

Human resource management industries. These themes include the metaverse as a tool for economic and environmental policy experiments,
navigating financial risk and regulatory dynamics, adapting human resource development to VR-driven envi-
ronments, Industry 4.0 applications of VR and digital twins, digital twin applications in manufacturing and
supply chain optimization, AR and VR in digital marketing and customer experience, AR in enhancing retail and
consumer experiences, exploring user interaction and affordances in the metaverse, and VR and AR in tourism
experience and engagement. The framework highlights drivers, constraints, and cross-sector linkages, addressing
practical challenges such as high implementation costs, regulatory uncertainties, interoperability barriers,
cybersecurity risks, and ethical concerns surrounding data privacy and inclusion. The study critically evaluates
contradictions in metaverse adoption, such as the tension between sustainability goals and energy-intensive
technologies like blockchain, the gap between immersive training potential and workforce adaptation chal-
lenges, and the disparity between metaverse-driven economic models and real-world policy implementation
hurdles. Research propositions suggest integrating metaverse technologies into business operations while
balancing ethical dimensions, psychological impacts, cost limitations, and accessibility barriers. Additionally, the
study advocates for expanding theoretical frameworks such as the Resource-Based View (RBV), Technology
Acceptance Model (TAM), and experiential learning to account for the dynamic capabilities, risks, and industry-
specific constraints of metaverse adoption. Policymakers and practitioners are encouraged to address regulatory
and ethical challenges, sectoral disparities, and the unintended consequences of metaverse-driven digital
transformation, ensuring operational efficiency, resilience, and consumer engagement while fostering sustain-
able and inclusive adoption. This research offers actionable insights for strategic implementation, interdisci-
plinary theoretical expansion, and ethical progress in business management.

1. Introduction connected spaces (Kumar & Shankar, 2024; Dwivedi et al., 2023). The
metaverse—a virtual universe encompassing multiple types of digital

The digital economy is conceived with the concept of metaverse, experience, including augmented and virtual reality as well as 3D online
where physical and digital worlds merge into seamless, immersive, worlds—is changing the way we work and respond to modern-day
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challenges (Lim et al., 2024). Once merely a fictional concept in Neal
Stephenson’s 1992 novel Snow Crash, the metaverse has become a
thriving digital space fuelled by AR, VR, blockchain, and AI
(Mahdikhani & Meena, 2024). A combination of these technologies can
help construct strong physical/digital human models, revolutionizing
consumer experience and reshaping business practices and economic
configurations (Gao et al., 2024). The three decades of rapid progress in
AR, VR, blockchain, and Al development have turned the science-fiction
metaverse into a technical reality (Saeed et al., 2024; Mahajan et al.,
2023), bringing a leap change throughout organizational societies and
economies (Aysan et al., 2024; Barrera & Shah, 2023). The metaverse
has various use cases — retail, healthcare, education, manufacturing,
tourism, and entertainment (Gao et al., 2024; Gursoy et al., 2022). For
example, metaverse platforms are used for the development of virtual
retail spaces that allow customers to search for and try-on products
without leaving their homes. The Roblox experience, *Nikeland’, which
was introduced by Nike, must likewise have been a popular store with
>21 million participants, demonstrating that immersive commerce can
be used to engage and retain customers (Varshney & Chowdhury, 2024;
Dwivedi et al., 2022). In the same way, the Metaverse enables open
surgeries and remote processes for healthcare, while virtual classrooms
and training simulations are integrated into education (Wang et al.,
2024; Raman et al., 2024b). In addition, the real estate uses digital twin
technologies to conduct virtual property tours (Hou et al., 2024; Ding
et al., 2019), and the tourism industry employs VR for sustainable travel
through virtual experiences of remote or unvisited destinations (Gursoy
et al., 2022; Tussyadiah et al., 2018).

The economic impacts of the metaverse are just as large. By 2030, the
number of users in the Metaverse market is expected to reach 2.6bn
users, with user penetration predicted to be 14.6 % in 2024, and this
figure is expected to increase to 39.7 % by 2030 (Statista Report, Nov
2024). The growth of the metaverse is being fuelled even more by in-
vestments from tech behemoths, including Alphabet, Meta, Microsoft,
and several others. Nvidia and Qualcomm are driving metaverse inno-
vation through Nvidia Omniverse’s advanced 3D workflow capabilities
and Qualcomm’s $100 million fund to lead in metaverse hardware and
mixed-reality development (Krishnan, 2024; Queiroz et al., 2023). In a
similar vein, Accenture has onboarded its employees via virtual reality
and has also launched metaverse-based consulting practices, whereas
Deloitte has launched a series of metaverse services and a study (Ajao,
2022; Weking et al., 2023). The value of this type of technology is un-
deniably transformative, but mass adoption will be a considerable
challenge, requiring an established digital infrastructure, the intercon-
nection of current digital systems, and taking steps to address data pri-
vacy concerns and ethical governance (Dwivedi et al., 2022;
Vidal-Tomas, 2023).

While the current metaverse literature identifies transformative im-
plications of this innovative technology across multiple business do-
mains, critical gaps remain regarding our collective understanding of its
wide-ranging ramifications. First, even though some prior works
addressed the effects of metaverse effects on individual functions such as
supply chains (Dolgui & Ivanov, 2023; Queiroz et al., 2023), marketing
(Barrera & Shah, 2023; Belk et al., 2022; Dwivedi et al., 2023) and
human resources (Lim et al., 2024; Saeed et al., 2024) in extended re-
ality environments, we miss frameworks that integrate these de-
velopments as they relate to core business processes. For example,
supply chains across the world have proven over the years to be
strengthened by various metaverse technologies, such as digital twins
and blockchain, all while marketing strategies have immersed consumer
experiences. Thus, the research has not yet investigated how these
emerging technologies can be utilized together to change organizational
efficiency, collaboration, and decision-making across multiple domains
(Weking et al., 2023; Dwivedi et al., 2022; Mahdikhani & Meena, 2024).
Such integrated comprehension hinders organizations from embracing
the metaverse as an integrated approach to innovation and competitive
edge.
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One of the key gaps is in the behavioral and psychological aspects of
consumer involvement in metaverse commerce. Despite these studies
pointing to the high level of immersed metaverse and social presence
that can drive consumer satisfaction (Ribeiro et al., 2024; Dwivedi et al.,
2023), there has been little research on whether virtual possession (MP),
symbolic meaning (SM) or affection (AR) lead to consumer behavior that
is metaverse. Although the move to define ownership in terms of NFTs
and cryptocurrencies has been highlighted as an essential metaverse
marketing endeavor, its impact on consumer loyalty and purchase in-
tentions over time has not yet been investigated (Vidal-Tomas, 2023;
Kumar et al., 2025). In addition, the impact of gamification, avatar
personalization, and socialization in digital space on consumer prefer-
ence is still an open area for further research (Ribeiro et al., 2024; Roh
et al., 2024). These gaps need to be addressed if businesses are to
determine how the metaverse can best support their customer experi-
ences or brand engagement strategies.

Finally, the metaverse is often presented as a sustainable alternative
to traditional practices in industries such as tourism (Gursoy et al., 2022;
Raman et al., 2024b) and retail (Kumar & Shankar, 2024; Barrera &
Shah, 2023), its environmental and ethical challenges are insufficiently
addressed. For example, the inherently energy-intensive nature of
blockchain technologies, a key element in metaverse infrastructure,
raises concerns related to the environmental costs associated with un-
dertaking operations virtually (Aysan et al., 2024). In the same way,
data privacy concerns, the governance of virtual assets, and equitable
access to metaverse technologies also raise constraints for this area from
being widely accepted (Dwivedi et al., 2023). While extant studies
mainly emphasize the possibility that information technologies are
offered through metaverses (Mahdikhani & Meena, 2024; Aysan et al.,
2024; Gao et al., 2024), they do not offer prescriptive guidance about
how entities should leverage these opportunities in alignment with
sustainability and ethical responsibility. Closing this gap is key to
ensuring that the metaverse evolves as an outlet through which global
sustainability objectives are realized and that people-centered economic
expansion is achieved.

Such research gaps point to the necessity of systematically investi-
gating how the metaverse influences business management from a
multidimensional perspective, thus providing a basis for future empir-
ical inquiries that can advance both theory and practice. To fill these
gaps, this study aims to contribute by conducting a systematic review of
the metaverse-related literature in business management. By providing
an overview of interdisciplinary studies related to marketing, opera-
tions, human resource development, finance, and consumer behavior,
this review comprises literature to derive a metaverse-impact frame-
work representing the complexity of the effect of the metaverse. In
particular, it explores how businesses can harness the metaverse to
generate value and derive efficiency both for their operations and for
consumer engagement, all while navigating ethical, social, and envi-
ronmental dilemmas that are part and parcel of this digital transition.
The current study, therefore, addresses the research questions that
follow a logical progression, beginning with strategic considerations,
moving into operational enhancements, and culminating in user-centric
innovations, providing a comprehensive framework for understanding
the contributions of the metaverse to business and management
practices.

e RQI: How can metaverse technologies reshape strategic decision-making
in economic policy, financial risk management, and workforce develop-
ment to address the evolving needs of organizations?

e RQ2: In what ways do virtual reality, augmented reality, and digital twins
enhance operational efficiency, optimize supply chain management, and
transform marketing practices within business ecosystems?

e RQ3: How do metaverse-enabled interactions, immersive retail experi-
ences, and virtual tourism applications redefine customer engagement and
user experience in business contexts?
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The next section discusses the literature associated with the meta-
verse and its interfaces with different business segments. The subsequent
section elaborates on the research methodology, followed by the results
and critical discussion of the findings. We then proceed with research
propositions with future research directions and implications of our
findings.

2. Metaverse technologies

The metaverse represents more than just a technological break-
through; it compels businesses to rethink and transform their strategies
across various domains (Dang Quan et al., 2024; Mahajan et al., 2023). It
essentially provides an experience that comes hand-in-hand with a much
more personal and interactive level of customer engagement through
brand campaigns, as seen in marketing, for instance. Digital twins and
blockchain technologies are transforming the landscape of supply chain
and operations management (SCOM) by enhancing transparency,
improving efficiency, and enabling predictive capabilities (Mahdikhani
& Meena, 2024; Dolgui & Ivanov, 2023). Simulations powered by VR are
sparking a revolution in the realm of human resource development and
bringing carefree and interactive learning experiences to all employees
(Lim et al., 2024; Akdere et al., 2022).

Table 1 organizes the literature based on specific metaverse tech-
nologies discussed, including Augmented Reality (AR), Virtual Reality
(VR), blockchain, and digital twins. It highlights key authors and
concisely indicates the contexts in which these technologies are applied,
emphasizing their role in transforming business practices and consumer
experiences.

Table 2 summarizes the latest research regarding the metaverse and
its interfaces with business management domains. Research by Mancuso
et al. (2024) emphasizes the necessity of integrating digital assets with
organizational adaptation through structured leadership and innovation
ecosystems, paving the way for metaverse-ready firms. The supply chain
domain has also garnered attention, with Mahdikhani and Meena (2024)
demonstrating how metaverse-driven digital technologies enhance
global supply chain efficiency, while Dolgui and Ivanov (2023) highlight
the integration of digital twins and blockchain for optimizing supply
chain processes. Human resource management emerges as another
critical area, where Saeed et al. (2024) and Lim et al. (2024) explore the
metaverse’s potential to revolutionize employee training, reshaping
organizational culture and learning methodologies. Financial implica-
tions are underscored by Aysan et al. (2024) and Vidal-Tomas (2023),

Table 1

Summary of related studies based on metaverse technologies.
Metaverse Author(s) Context
Technologies
Used
Augmented Kumar & Shankar (2024); Enhancing immersive

Reality (AR) Dwivedi et al. (2023); Lim
et al. (2024); Mahdikhani
and Meena (2024); Saeed

et al. (2024); Mahajan et al.

experiences and consumer
engagement

(2023)
Virtual Reality Varshney & Chowdhury Retail, healthcare, education,
(VR) (2024); Wang et al. (2024); tourism, and workforce

Lim et al. (2024); Raman

et al. (2024b); Gursoy et al.
(2022); Tussyadiah et al.
(2018)

Kumar et al. (2025); Aysan
et al. (2024); Dolgui and
Ivanov (2023); Queiroz et al.
(2023); Vidal-Tomas (2023)
Hou et al. (2024); Ding et al.
(2019); Mahdikhani and
Meena (2024); Dolgui and
Ivanov (2023)

training applications

Blockchain Ownership, transparency,
supply chain management,
sustainability,
cryptocurrencies

Virtual real estate tours,
predictive supply chain
modeling

Digital Twins
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Table 2

Summary of related studies based on business domains.

Business Domains

Author(s)

Key Contributions

Methods used

Organizational
Capabilities

Supply Chains

Human Resources

Finance

Human Resources

Emerging
Business
Models

Business Model
Innovation

Mancuso et al.

(2024)

Mahdikhani
and Meena
(2024)

Saeed et al.
(2024)

Aysan et al.
(2024)

Lim et al.
(2024)

Mancuso et al.

(2023a)

Mancuso et al.

(2023b)

Firms must integrate
digital assets and
organizational
adaptation via
organizational change
and innovation
ecosystems, guided by
a three-stage roadmap
and metaverse-ready
leadership.
Metaverse’s
transformative
potential in enhancing
global supply chain
growth across
industries through
digital technologies,
offering insights for
policymakers and
industry leaders;
diverse applications in
sectors like
manufacturing,
logistics, and retail.
Metaverse can
transform employee
training by enhancing
interactivity,
practicality, and
feedback.

Financial Institutions
are yet to prepare well
for technological
integration; Metaverse
can significantly
reshape financial
services, thereby
having a significant
bearing on the
economy, key sectors,
and prospects.
Metaverse can
significantly reshape
human resource
development through
reshaping employee
training, altering
organizational culture,
and improving
performance.
Businesses are
innovating metaverse
models through
phygital
transformations (e.g.,
Gucci’s virtual
fashion) and fully
virtual strategies (e.g.,
Nike’s Nikeland),
redefining value
creation at the
physical-digital
intersection.

This study links macro
variables (tech,
knowledge,
stakeholder readiness)
with micro factors
(skills, relationships)
to explain business
model innovation
(BMI) in the
metaverse.

Case Study

Latent Dirichlet
Allocation (LDA)
and BERTopic
topic-modeling

SEM of 889
employees’
reviews about
various training
applications

Conceptual

A narrative
review of 34
cases

Case Study

Case Study

(continued on next page)
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Table 2 (continued)

Business Domains  Author(s) Key Contributions Methods used

Metaverse would
reshape operations and
supply chain
management, offering
numerous benefits,
improving risk
mitigation and
coordination.

Firms can utilize
immersiveness,
sociability, and
environmental fidelity
to design and
characterize consumer
experiences in the
metaverse.

Economic governance
is based on metaverse

Operations Queiroz et al.

(2023)

Empirical

Barrera and
Shah (2023)

Marketing A systematic
review of 164
articles;
viewpoints of 78
business

professionals

Vidal-Tomas
(2023)

Finance Analyzed 196
metaverse
fungible tokens
and nonfungible
token (NFT)

transactions

tokens that cannot be
defined as reliable
virtual currencies due
to their explosive
behavior, negative
performance, and
higher volatility
compared to
traditional
alternatives.
Metaverse acts as a
transformative
external enabler for
entrepreneurship,
introducing four
distinct virtual-
physical
pathways—pure
virtual, virtual-to-
physical, physical-to-
virtual, and
hybrid—each
leveraging specific
sociotechnical
enablers to shape
entrepreneurial
ventures, offerings,
and processes.
Metaverse enables the
integration of physical
and digital supply
chains using advanced
technologies like
digital twins and
blockchain, fostering
innovations in
processes and
performance metrics
while enhancing
visibility, analytics,
and decision-making
in SCOM.

Entrepreneurship Weking et al.

(2023)

Conceptual

SLR of 217
papers and 119
keywords

Supply Chains Dolgui and

Ivanov (2023)

with the former noting the financial sector’s lack of preparedness for
metaverse adoption and the latter revealing the volatility of metaverse
tokens as economic governance instruments. Business model innovation
is also a focal point, with Mancuso et al. (2023a, 2023b) detailing the
emergence of phygital transformations and linking macroeconomic and
micro-level factors to metaverse-based innovations. Similarly, Weking
et al. (2023) conceptualize how the metaverse acts as an external
enabler for entrepreneurship through various virtual-physical pathways.
The marketing domain benefits from immersive consumer experiences,
as detailed by Barrera and Shah (2023), who identify key metaverse
features that shape engagement and brand interactions. Lastly, Queiroz
etal. (2023) provide empirical insights into how metaverse technologies
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improve risk mitigation and coordination in operations. Collectively,
these studies underscore the metaverse’s vast potential to redefine
business landscapes, offering theoretical, empirical, and conceptual in-
sights into its evolving role across industries.

When it comes to grasping the business relevance behind the met-
averse, several theoretical stances provide helpful perspectives. Dwivedi
et al. (2022) emphasize that the theoretical foundations of the meta-
verse are closely connected to extended reality (XR) as well as Web 3.0.
XR includes augmented reality (AR), virtual reality (VR), and mixed
reality (MR), which enable interactions in hybrid environments that
combine the physical and digital (Kumar et al., 2025). Concurrently,
Web 3.0, standardized by decentralization and blockchain technology,
promotes interoperable ecosystems and token-based economies that
increase digital ownership, security, and governance (Vidal-Tomas,

2023). Collectively, these technologies underpin cyber-physi-
cal systems (CPSs), enabling businesses to make real-time adaptations,
innovations, and operational efficiencies so that they can span across
various industries like manufacturing, healthcare, retail, and
entertainment.

The Resource-Based View (RBV) (Barney, 1991, 2001; Wernerfelt,
1984; Huang et al., 2023) offers a lens through which to examine the
extent to which firms rely on tangible and intangible resources,
including immersive digital assets, Al-driven personalization, and
decentralized finance mechanisms, as sources of competitive advan-
tage. Nonetheless, the Technology Acceptance Model (TAM) (Davis,
2024) and Unified Theory of Acceptance and Use of Technology
(UTAUT) (Venkatesh et al., 2003) have strengthened their utility by
recognizing that sensory and emotional engagement are important fac-
tors in the likelihood of engaging with an emerging immersi-
ve technology (Cummings et al., 2023). Adding to this point, the
marketing literature has also pointed out how AR engenders experien-
tial consumption and brand attachment through hyper-personal, affec-
tive touchpoints (Huang & Chung, 2024; Zarantonello & Schmitt, 2023).
As such, relationship marketing theories are refined by proposing sen-
sory engagement as a key process in creating, maintaining, and devel-
oping long-term customer relationships.

More than simply being an avenue to engage with consumers, VR is
disruptive to authenticity theory, ushering in what is referred to as
‘virtual authenticity’ (Sun et al., 2023). Authenticity historically relied
heavily on physical manifestations of heritage and real-world in-
teractions. However, VR allows digital spaces to elicit comparable
emotional and cognitive responses making virtual tourism a valid
pathway for value creation (Rickly & Canavan, 2024). Such an evolu-
tion is especially liberating for the retreats limited by ecology or fore-
gone resources since a VR-powered experience allows for an ecologically
sustainable alternative that doesn’t sacrifice much in terms of experi-
ence. Additionally, the highly immersive aspect of the VR environment
fits well with situated cognition and experiential learning theories, given
that VR can facilitate high-fidelity simulations involving realistic envi-
ronments (Cobb & Bowers, 1999). Such a functionality seems partic-
ularly relevant in the context of remote teaching and professional
development, where interaction through simulations assists in under-
standing the concepts better and applying them in practice (Makransky
& Petersen, 2021).

Metaverse technologies facilitate a more sweeping, cross-consumer
life adoption of digital interaction — a process of a service ecosystem
epoch in a value co-creation sense. As another example, in tourism and
hospitality, immersive experiences (VR-based explorations before actual
visits) help consumers develop emotional bonds with local sites, thereby
deepening their subsequent physical experiences (John & Supra-
maniam, 2024; Yersiiren & Ozel, 2024). The proliferation of digital
touchpoints fundamentally restructures the traditional notion of service,
underscoring the interconnected dimension of value co-creation be-
tween virtual and tangible realms in end-user experience.

Additionally, the use of digital twins in cyber-physical systems
(CPSs) takes operational theories such as systems dynamics, Just-In-
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Time (JIT) production, and lean manufacturing further (Guo & Man-
travadi, 2024; Dolgui & Ivanov, 2023). Digital twins allow for contin-
uous monitoring, predictive analytics, and feedback loops, which will
help companies move from static operational models to data-driven
production systems. Continuous adaptation to market fluctuations and
logistical constraints brought by these technological advancements
makes supply chain resilience much stronger and helps organizations
optimize resource allocation and effectively reduce inefficiencies.

In spite of these theoretical advancements, the metaverse also poses
key challenges regarding data privacy, inclusive as well as sustainable
economies. Such concerns can be addressed through stakeholder theory:
a helpful framework for understanding how to engage responsibly with
stakeholders and consider the best approach to governance of metaverse
ecosystems. We need to regulate the new generation of decentralized
digital infrastructures, taking into account to so it promotes social re-
sponsibility, given the increasing dependence on these infrastructures,
and also providing fair access and acting against risks related to digital
exclusion, surveillance, and environmental impact.

This study builds on these theoretical foundations by systematically
exploring the transformative influence of metaverse technologies on
business ecosystems. By synthesizing insights from diverse cross-dis-
ciplinary literature, it develops an integrative framework of techno-
logical affordances, consumer behavior, and ethical considerations.
Moving forward, this directionally supports understanding of meta-
organizing and how this is emerging through organizations making
sense of convergence and divergence, producing new sensitive land-
scapes, albeit those that require real-time macro-environmental ana-
lysis to determine the meta nexus, as well as meta-organization.

International Journal of Information Management Data Insights 5 (2025) 100335
3. Methodology
3.1. PRISMA framework

To ensure transparency and rigor, this study adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
framework (Page et al., 2021), a widely accepted methodology for
conducting systematic reviews (Raman et al., 2024a). Fig. 1 illustrates
the stepwise selection process, ensuring replicability and methodolog-
ical robustness in identifying and analyzing relevant literature on met-
averse applications in business management.

Data Source & Search Strategy: The Scopus database was selected
as the primary data source due to its comprehensive coverage of peer-
reviewed literature across business, management, and economics
(Donthu et al., 2020). A systematic search was conducted on October 6,
2024, covering the years 1992 to 2024, applying precise keywords in
titles and abstracts to capture a broad yet relevant set of studies. The
search query was designed to encompass diverse terminologies related
to metaverse technologies - (metaverse OR multiverse OR "virtual re-
ality" OR "augmented reality" OR "mixed reality" OR "digital twin" OR
"digital human" OR "extended reality" OR "web 3.0" OR "virtual twin" OR
"virtual replica").

To ensure disciplinary relevance and methodological rigor, specific
filters were applied, restricting the results to peer-reviewed journal ar-
ticles and reviews published in English. The focus was on studies
explicitly discussing metaverse applications within business, manage-
ment, accounting, economics, and finance. These refinements helped
narrow the scope to literature that is academically rigorous and aligned
with the study’s objectives.

Selection Process: Following the PRISMA framework, a four-stage

Source: Scopus database
Coverage years: 1992 to 2024
Search date: 6 October 2024

Search terms in title and abstract

TITLE-ABS (metaverse OR multiverse OR "virtual reality" OR "augmented reality" OR "mixed reality"
OR "digital twin*" OR "digital human" OR "extended reality" OR "web 3.0" OR "virtual twin" OR "virtual replica")

[ Identification J (n=3468)

Records identified

Inclusion

Limit to document type
Article, Review

Limit to Subject area Business,

{

Economics

{ Screening

0

(n=3468)

Records screened

English language

!

[ Eligibility for eligibility

(n=3468)

Records assessed

\:

[ Selection J (n=3468)

Records included

Fig. 1. PRISMA framework.
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process was employed to refine the dataset systematically:

1. Identification: The search retrieved 3468 studies from Scopus,
encompassing research on metaverse technologies for the business
and economics domains. Studies were included if they were docu-
ments of the type article and review and published in English.
Conversely, non-peer-reviewed works, conference papers, book
chapters, and reports were excluded to maintain methodological
rigor.

2. Screening: To maintain quality and relevance, studies with missing
author details and duplicate records were removed.

3. Eligibility: At this stage, all screened records were deemed eligible,
as the initial filtering process ensured that only business-related,
peer-reviewed studies were included. The strictly defined search
parameters and applied filters effectively eliminated irrelevant
research, negating the need for further exclusion.

4. Selection: A final corpus of 3468 eligible publications was estab-
lished for analysis.

This structured and transparent approach ensured that the final
dataset was both comprehensive and focused, providing a solid foun-
dation for thematic analysis using BERTopic modeling to extract key
trends and insights from the literature.

3.2. BERTopic modeling

The use of the PRISMA framework to systematically identify and
select relevant studies established a strong foundation for applying topic
modeling. Unlike techniques such as cocitation analysis, bibliographic
coupling, or keyword co-occurrence, topic modeling delves into the
semantic content of documents, offering a more nuanced exploration of
underlying themes (Raman et al., 2024a). While cocitation and biblio-
graphic coupling focus on historical linkages through shared references,
and keyword co-occurrence emphasizes frequently paired terms, topic
modeling uncovers latent thematic patterns within the text. This capa-
bility makes it particularly suited for analyzing evolving research areas
like metaverse technologies, as it provides insights into emerging con-
cepts and their contextual interconnections.

Topic modeling encompasses a variety of approaches, such as
nonnegative matrix factorization (NMF), latent Dirichlet allocation
(LDA), probabilistic latent semantic analysis (PLSA), and To2Vec.
Despite their utility, these methods often fail to capture semantic re-
lationships between words and face challenges when dealing with short
text formats (Egger & Yu, 2022). Unlike traditional bag-of-words (BoW)
techniques that prioritize term frequency, BERTopic leverages unsu-
pervised machine learning and embeddings for improved performance
(Grootendorst, 2022). BERTopic is powered by bidirectional encoder
representations from transformers (BERT), a deep learning language
model developed by Google (Devlin et al., 2019). Unlike conventional
models, BERT maps documents into a lower-dimensional space while
preserving semantic nuances, offering a richer and more contextual
interpretation of the text (Venugopal et al., 2024; Nedungadi P. et al.,
2024; Vaid et al., 2023).

BERTopic modeling enhances insights beyond conventional litera-
ture reviews by automating thematic extraction, identifying latent pat-
terns, and quantifying topic-document associations. Unlike traditional
reviews, which rely solely on manual coding and subjective interpreta-
tion, BERTopic clusters research articles based on semantic similarity,
ensuring an unbiased and scalable analysis of large datasets, capturing
contextual relationships between terms, and detecting emerging themes
that may not be evident through manual analysis. However, to ensure
interpretability and validity, we conducted a manual review of the
extracted topics and representative publications on each topic. The
integration of machine learning with expert validation allowed us to
combine computational efficiency with human judgment, ensuring both
robustness and contextual accuracy in the thematic analysis.
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The modeling process begins with embedding vectorization, which
involves transforming input text into numerical representations called
embeddings (Fig. 2). The text was preprocessed by lowercasing, toke-
nization, and removal of special characters and non-alphanumeric
symbols to ensure consistency across documents. The next step is
dimensionality reduction, which is achieved through unified manifold
approximation and projection (UMAP). This method simplifies the nu-
merical data, enabling similar data points to be grouped more effectively
and producing clearer topic clusters (Yi et al., 2025). For UMAP, the
nearest neighbor parameter (n_neighbors) was set to 15 to balance local
and global structure, and the minimum distance was set to 0.05 to
ensure adequate separation between points in the reduced-dimensional
space. Following dimensionality reduction, the data points are clustered
via hierarchical density-based spatial clustering of applications with
noise (HDBSCAN). This clustering approach identifies dense regions of
data points to form groups while excluding scattered or unrelated points.
The minimum cluster size was set at 20 to maintain topic significance
while preventing over-fragmentation. To interpret these clusters, the
model applies class-based term frequency-inverse document frequency
(c-TF-IDF), which extracts the most significant words or phrases for each
cluster, providing insights into the main topics within the documents
(Oh et al., 2023). The c-TF-IDF calculation was adjusted to smooth term
importance across topics, mitigating dominance by frequently occurring
words. In our analysis, we utilized the "all-MiniLM-L6-v2" text repre-
sentation model, optimized for tasks such as clustering and semantic
search in English texts (Kim et al., 2024). This model was selected based
on computational efficiency and alignment with short-text clustering
tasks. Using these representative terms, the model assigns topics to
documents, with probabilities indicating the likelihood of each docu-
ment belonging to specific topics (Khodeir & Elghannam, 2024).

To optimize the topic modeling results, several key hyperparameters
were fine-tuned: the n-gram range, number of topics, minimum topic
size, and keywords per topic. The text was tokenized into unigrams and
bigrams, with an n-gram range of (1,2), allowing the model to consider
both single words and two-word phrases. This approach captures indi-
vidual terms and meaningful word combinations, improving contextual
understanding without introducing excessive complexity. The number
of topics was iteratively adjusted between 4 and 20, with coherence
scores used as an evaluation metric to ensure a balance between topic
distinctiveness and interpretability. The coherence scores were calcu-
lated using the normalized pointwise mutual information (NPMI) metric
to assess the semantic consistency of terms within each topic. The
minimum topic size was set at 20, ensuring that each topic contained
enough documents to maintain significance and avoid excessive gran-
ularity. Additionally, the number of keywords per topic was fixed at 20,
enabling the identification of the most relevant terms for each topic
while maintaining clarity and focus. These settings, as recommended by
Grootendorst (2022), ensured that the topics generated were both
insightful and actionable. Stop words and frequently used generic terms
such as "use," "used," "adding," "based," and "related" were removed to
reduce noise and improve topic coherence.

For the UMAP algorithm, default parameters were utilized, with
"calculate probabilities" enabled to assess the likelihood of document-
topic associations, and the language was set to English. The "cosine"
metric was employed to measure angular similarity between vectors,
ensuring robustness in high-dimensional spaces. A random state of 100
was applied to ensure reproducibility across multiple runs of the model.
These parameter choices were based on empirical evaluations and rec-
ommendations from prior applications of BERTopic (Mclnnes et al.,
2015). As a result, six major topics were identified, each with 20
representative publications.

Although machine learning techniques are effective in clustering
data, the risk of misclassification persists (Lyutov et al., 2021). To
enhance the validity and interpretability of the results, a manual review
of the topics and their representative publications was undertaken. This
process involved five faculty members with over a decade of experience
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Fig. 2. BERTopic modeling process.

teaching in postgraduate business administration programs. Drawing
from recent studies employing BERTopic (Douglas, 2024; Wang et al.,
2023), the faculty conducted a qualitative evaluation to ensure that the
topics were both meaningful and cohesive. The faculty members
assessed the keywords associated with each topic and reviewed the
representative publications by analyzing their abstracts, titles, and,
where necessary, full texts. Additionally, probability values and citation
counts were utilized to select twenty representative articles per topic,
resulting in a total of 120 studies across six topics. These studies were
further classified to address three research questions and assigned
themes on the basis of a full reading of the papers. A scoring system—1
for not relevant, 2 for neutral, and 3 for relevant—was employed to
evaluate the relevance of the studies to the topics and research ques-
tions. Any disagreements in scoring were resolved through discussion
until a consensus was reached. This thorough review process ensured
that the unsupervised topic modeling results were both accurate and
practical, facilitating the identification of key themes in the dataset.

4. Findings

The findings are discussed in tandem with the research questions and
organized into key themes, as indicated below.

4.1. Exploring strategic applications of metaverse technologies

RQI: How can metaverse technologies reshape strategic decision-making
in economic policy, financial risk management, and workforce development
to address the evolving needs of business organizations?

Theme 1: metaverse as a tool for economic and environmental
policy experiments

This theme illustrates how metaverse technologies, particularly vir-
tual and augmented reality, are reshaping both the methodological ap-
proaches and practical applications of policy and economic analysis
(Table 3).

The integration of VR technologies has advanced economic and
environmental research by providing realistic, ethically sound, and
replicable experimental frameworks. De Solla and Martin (2009)
demonstrate how VR bridges the gap between controlled laboratory
settings and real-world conditions, allowing policymakers to gain more
authentic insights into public responses to wildfire management stra-
tegies. Building on this, Innocenti (2017) categorizes virtual environ-
ments into low-immersive and high-immersive settings, showcasing

Table 3
Publications related to economic and environmental policy experiments.

Author(s) Key metaverse concepts Application area

de Solla & Virtual experiments, VR, Application of virtual experiments
Martin naturalistic decision- to environmental policy, wildfire
(2009) making management

Innocenti Virtual Reality Empirical evidence in economics
(2017) through VR, immersive

environments

Valuation of forest ecosystem
services, virtual choice
experiments

Olschewski
et al. (2012)

VR visualizations,
ecosystem services

VR’s ability to mimic field experiments while maintaining the control of
laboratory conditions. This makes VR particularly effective for studying
economic behaviors influenced by contextual cues and for capturing
decision-making processes that traditional methods may overlook.
Similarly, Olschewski et al. (2012) employ VR-enhanced choice exper-
iments to evaluate willingness to pay for ecosystem services, such as
avalanche protection, in the Swiss Alps. By creating realistic scenarios,
this study addresses hypothetical biases often seen in traditional sur-
veys, providing more accurate valuations of public goods. Collectively,
these studies underscore the potential of VR to enhance policy analysis,
economic modeling, and environmental valuation, enabling researchers
and policymakers to make more informed and sustainable decisions.

Theme 2: navigating financial risk and regulatory dynamics in
the metaverse

Exploring the intersection of financial systems, risk management,
and regulatory frameworks within the metaverse reveals an evolving
landscape, particularly as digital assets, blockchain technology, and
DeFi tools become more prominent. Each study offers insights into how
these elements both enable and challenge the expansion of financial and
economic systems within virtual spaces, as shown in Table 4.

Recent research provides detailed insights into the financial dy-
namics and risks associated with metaverse-linked digital assets, high-
lighting their unique role in the broader cryptocurrency market.
Vidal-Tomas (2022) explores the economic performance of NFTs, met-
averse tokens, and play-to-earn gaming economies, distinguishing these
assets from traditional cryptocurrencies. The study identifies unique
features, such as lower co-movements with broader crypto markets and
bubble-like behaviors, which create both opportunities and challenges
for investors exploring niche virtual markets. Expanding on this, Qiao
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Table 4
Publications related to navigating financial risk.

Author(s) Key metaverse concepts Application area

Vidal-Tomas NFTs, metaverse tokens, Economic performance, token

(2022) play-to-earn, blockchain dynamics, and long-term viability of
metaverse assets
Qiao et al. Cryptocurrency, DeFi, Risk management in
(2023) NFTs, risk spillover cryptocurrency, decentralized

finance, and metaverse-related
assets

Safe-haven and hedging
characteristics of metaverse and
other cryptocurrencies

Li et al. (2023) Altcoins, Bitcoin,
metaverse

cryptocurrencies

et al. (2023) analyze risk networks among cryptocurrencies, DeFi to-
kens, and NFTs using a time-frequency approach. Their findings reveal
that metaverse-related NFTs dominate upside risk networks but exhibit
both short-term volatility and long-term risk reversal, making them
valuable for managing depreciation risks in diversified portfolios.
Building further, Li et al. (2023) examine the role of altcoins tied to DeFi,
NFTs, and the metaverse as hedges or safe havens during market vola-
tility. They find that metaverse-themed coins can act as protective
financial instruments, particularly during market bubbles, serving as
safe havens for Bitcoin and other assets. Collectively, these studies
highlight the intersection of financial systems, economic dynamics, and
risk management within the metaverse, offering valuable insights into
investment strategies and the evolving role of decentralized finance.

Theme 3: adapting human resource development to VR-driven
environments

Table 5 highlights how VR technologies are reshaping human
resource development (HRD) and training approaches. This collective
exploration demonstrates the different ways in which VR and AI are
applied across human resource contexts, impacting employee experi-
ences, skill development, and evaluation methodologies.

The study by Malik et al. (2022) investigated the dual impact of Al
and VR on employee well-being and professional demands within In-
dustry 4.0-driven environments. This research reveals that while VR and
Al enhance flexibility and innovation at work, they also introduce
technostress due to the rapid pace of digital transformation and
complexity in job functions. Employees face increased job insecurities
and must continuously adapt to new skills, pointing to a need for HR
practices that balance technology’s positive and challenging aspects.
Building on this perspective, Schmid Mast et al. (2018) emphasized the
use of immersive VR (IVR) to enhance interpersonal skills training. Here,
IVR is presented as an advanced tool that provides an engaging, virtual
setting to develop soft skills, which contrasts with Malik et al.’s (2022)
focus by emphasizing VR’s constructive role in skill enhancement rather
than its potential stressors. Extending beyond the immediate application
of VR to HR skills, Thite (2022) delves into the strategic alignment of
digital capabilities within HR. This paper provides a framework for
virtual HR development (VHRD), encompassing current capabilities,
future digital needs, and recommendations for an adaptable HR strategy.
Thite’s (2022) approach to VHRD suggests a forward-looking HR
perspective, where virtual technologies play a foundational role in HR

Table 5
Publications related to adapting to human resource development.

Author(s) Key metaverse concepts ~ Application area

Malik et al. Virtual reality (VR), Al Impact of Al and VR on employee
(2022) technostress experiences and skill demands in HRM

Schmid Mast Immersive virtual Interpersonal skills training with IVR in
et al. reality (IVR), virtual human resource development
(2018) humans

Thite (2022) Digital HR, virtual HRD  Strategic alignment of HR capabilities

(VHRD) with digital demands and virtual HR

development
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strategies. While Malik et al. (2022) and Schmid Mast et al. (2018) focus
on specific employee impacts, Thite’s (2022) contribution offers a
strategic blueprint, emphasizing the importance of HR’s role in
leveraging digital tools for sustainable growth in organizational capac-
ities. Overall, these studies collectively portray a finer understanding of
VR and AT’s role in HR. They show how VR and Al can simultaneously
enhance skill acquisition and present new challenges, underscoring the
importance of structured approaches to VR integration in HR
development.

4.2. Enhancing operations with immersive and digital tools

RQ2: In what ways do virtual reality, augmented reality, and digital twins
enhance operational efficiency, optimize supply chain management, and
transform marketing practices within business ecosystems?

Theme 1: Industry 4.0 applications of virtual reality and digital
twin technologies

The studies shown in Table 6 highlight the diverse applications of
metaverse-driven tools, such as VR and digital twins, within smart
manufacturing, remanufacturing, and energy-efficient processes. Each
study contributes to the broader understanding of how digital twins and
VR technologies are transforming industrial practices under the Industry
4.0 framework.

Zawadzki and Zywicki (2016) introduced the concept of hybrid
prototyping, which combines VR with additive manufacturing to create
an agile production environment tailored to mass customization. By
using VR, manufacturers can visualize and adjust production processes
early in the design stages, shorten development timelines, and align with
Industry 4.0's emphasis on efficient, personalized production. This focus
on integrating virtual and physical production processes resonates with
Rodic’s (2017) exploration of the digital twin concept as part of a new
simulation modeling paradigm. The study examines how digital
twin-based simulation modeling is applied in automated industrial
processes, emphasizing that the adoption of digital twins offers a more
sophisticated approach to managing and optimizing production work-
flows. In the examined cases, companies of varying sizes adopted digital
twin methodologies differently, indicating that the level of digital twin
implementation often correlates with company size and resources. This
contrasts with Kerin and Pham’s (2019) perspective, which presents VR
and AR as tools to support remanufacturing within circular economy
models. By emphasizing remanufacturing, the study extends the dis-
cussion beyond production control and into sustainable practices,
showing how VR and AR facilitate remanufacturing processes that align
with the goals of Industry 4.0. Together, these studies illustrate the
varied applications of VR, AR, and digital twins within Industry 4.0
settings, emphasizing how these technologies can optimize production,
support circular economy goals, and enable sustainable manufacturing
practices. By integrating virtual and physical systems, these studies
collectively outline a vision of a more adaptable, efficient, and
resource-conscious manufacturing landscape.

Theme 2: Digital twin applications in manufacturing and supply
chain optimization

Table 6
Publications related to Industry 4.0 applications.

Author(s) Key metaverse

concepts

Application area

Zawadzki and Virtual reality, Smart design and production control for

Zywicki hybrid prototyping mass customization in Industry 4.0
(2016)
Kerin and Pham Virtual reality, Emerging digital technologies for
(2019) augmented reality, remanufacturing and circular economy
IoT business models
Rodic (2017) Digital twin, Adoption of digital twin-based

simulation
modeling

simulation modeling for automated
industrial processes
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The theme, as seen through the studies in Table 7, captures the role
of digital twins in enhancing operational efficiency, supporting resil-
ience, and enabling customized production across various industries.
Each study provides a distinct perspective on how digital twins
contribute to real-time monitoring, adaptive decision-making, and
overall performance improvement in manufacturing and supply chains.

Wang et al. (2019) explore the diagnostic capabilities of digital twins
in smart manufacturing by applying a digital twin model for rotating
machinery. Their study demonstrates how real-time data feeds into
adaptive models to detect faults and predict degradation patterns,
enabling precise diagnosis and predictive maintenance. This approach
enhances machinery reliability and minimizes downtime, supporting
uninterrupted manufacturing operations and aligning with the theme of
resilience. Building on this, Ding et al. (2019) investigate the integration
of digital twins in autonomous production environments through a
digital twin-based cyber-physical production system (DT-CPPS). By
leveraging real-time data from physical and cyber environments, this
system continuously monitors and simulates shop floor operations,
enhancing efficiency and enabling dynamic responses to operational
changes. This cyber-physical integration complements Wang et al.’s
findings by extending resilience and efficiency to autonomous opera-
tional control. Min et al. (2019) add another dimension by integrating
digital twins with machine learning and IoT for production optimization
in the petrochemical industry. Real-time big data and machine learning
algorithms enhance digital twin models, allowing production controls to
adapt to shifting demands and market conditions. This dynamic
approach aligns with the adaptive and responsive qualities highlighted
in earlier studies. Together, these works underscore the versatility of
digital twins in manufacturing and supply chain contexts, emphasizing
their role in enabling real-time adaptability, predictive maintenance,
and enhanced production efficiency through autonomous operations,
machine learning, and tailored production design.

Theme 3: Augmented and virtual reality in digital marketing
and customer experience

This theme encapsulates how metaverse technologies such as AR,
VR, and the metaverse are reshaping customer engagement, service
experiences, and marketing strategies. Each study provides insights into
the specific affordances and challenges of these technologies in
enhancing consumer interaction and perception (Table 8).

Building on the discussion of consumer engagement, Flavian et al.
(2019) present the EPI cube model, a taxonomy that classifies VR, AR,
and mixed reality technologies according to their psychological and
behavioral affordances, including embodiment and interactivity. This
framework aims to provide clarity for managers and researchers as they
navigate the still-evolving boundaries between different immersive ex-
periences. This classification complements the detailed exploration by
Yim et al. (2017), who investigated AR’s effectiveness as a tool in
e-commerce by comparing AR to traditional web-based presentations.
The findings show that AR heightens immersion and interactivity, which
leads to greater enjoyment and purchase intentions among customers,
thereby supporting Dwivedi et al.’s (2021) observation of AR’s potential
in digital marketing. In Dwivedi et al.’s (2021) study, digital and social
media marketing is evaluated within the context of emerging AR and VR

Table 7
Publications related to digital twin applications in manufacturing.

Author(s) Key metaverse Application area
concepts
Wang, J Digital Twin, fault Rotating machinery fault diagnosis in smart
et al. diagnosis manufacturing
(2019)
Ding et al. Digital Twin, cyber- Autonomous manufacturing through cyber-
(2019) physical systems physical production systems (DT-CPPS)
Min et al. Digital Twin, Production optimization in petrochemical
(2019) machine learning, manufacturing with machine learning-

IoT driven digital twin
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Table 8
Publications related to augmented and virtual reality in digital marketing.

Author(s) Key metaverse concepts Application area
Flavian et al. Virtual Reality, Augmented  Customer experience
(2019) Reality, Mixed Reality transformation with metaverse

technology

Dwivedietal.  Augmented Reality, digital Opportunities and challenges in

(2021) content management digital and social media marketing
Yim et al. Augmented Reality, Effectiveness of AR as a tool in e-
(2017) interactivity, vividness commerce

technologies. This research discusses both opportunities and challenges,
emphasizing how these tools improve brand awareness, sales, and
customer interaction while also acknowledging the potential pitfalls of
negative digital interactions, such as intrusive ads and privacy concerns.
Collectively, these studies show how AR, VR, and the metaverse are
advancing digital marketing and customer experience by enhancing
interactivity, presence, and engagement. The various approaches
emphasize that while these technologies introduce new layers of
complexity, they also offer powerful tools to engage consumers in novel
ways and support brand-customer relationships within the evolving
digital landscape.

4.3. Redefining user engagement through the metaverse

RQ3: How do metaverse-enabled interactions, immersive retail experi-
ences, and virtual tourism applications redefine customer engagement and the
user experience in business contexts?

Theme 1: Augmented reality in enhancing retail and consumer
experiences

Studies highlight the impact of AR applications on the retail sector,
emphasizing how AR influences consumer engagement, satisfaction, and
purchasing behavior. The studies collectively illustrate the trans-
formative role that AR plays in modernizing retail settings, enabling
brands to offer interactive and immersive shopping experiences that are
aligned with evolving consumer expectations (Table 9).

In Grewal et al.’s (2017) study, the future of retailing is examined
through a range of technologies, including augmented reality, virtual
reality, and artificial intelligence, which enhance customer decision-
making, engagement, and brand interaction. By adopting these tech-
nologies, retailers can streamline product offerings, facilitate better
customer choices, and improve profitability. Grewal et al.’s (2017)
broader view of technological adoption in retail aligns with Dacko’s
(2017) focus on Mobile AR apps (MARs), which specifically address how
AR technology creates a smarter retail environment. Through consumer
surveys, the study reveals that MAR apps not only improve the shopping
experience but also contribute positively to retailer perception, with
early adopters reporting high satisfaction and a preference for retailers
incorporating MAR into their shopping options. Extending the discus-
sion to brand perception, Rauschnabel et al. (2019) present AR as a tool
that enhances brand engagement by inspiring consumers. In this study,
consumer inspiration emerges as a key factor mediating the relationship
between AR app quality and brand attitude. The findings indicate that
consumers’ positive experiences with AR apps improve their perceptions
of brands, highlighting how AR can shift traditional marketing strategies

Table 9
Publications related to augmented reality in enhancing retail.

Author(s) Key metaverse

concepts

Application area

Grewal et al. Virtual Reality, Technological advancements in

(2017) Augmented Reality retail and consumer engagement
Rauschnabel et al. ~ Augmented Reality, Impact of AR apps on consumer
(2019) mobile AR apps brand perception and inspiration

Dacko (2017) Mobile Augmented

Reality (MAR)

Contributions of MAR apps to smart
retail settings and value creation
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from information provision to experiential engagement. Together, these
studies underscore the role of AR in shaping the retail landscape by
making customer experiences more interactive and meaningful. For
instance, through MAR apps, mobile AR in e-commerce, or in-store AR
applications, retailers can offer personalized and memorable shopping
journeys that resonate with modern consumers and encourage positive
brand associations.

Theme 2: Exploring user interaction and affordances in the
metaverse

Studies within this theme capture how metaverse technologies
advance user engagement, presence, and interaction within virtual and
augmented environments (Table 10). Furthermore, they offer insights
into how users perceive and interact with virtual affordances, particu-
larly through avatars and immersive settings that span various business
and personal applications.

Dwivedi et al. (2022) explore the transformative potential of the
metaverse across various sectors by examining the social, regulatory,
and economic dimensions of a fully immersive, cross-platform virtual
world. Their multidisciplinary analysis highlights the metaverse’s ca-
pacity to blur physical and digital boundaries, reshaping business
practices and user experiences in areas such as marketing, healthcare,
and education. Central to their discussion is the role of avatars and
virtual worlds in redefining interaction norms and economic trans-
actions. Adding to this, Dincelli and Yayla (2022) apply
affordance-actualization theory to examine VR’s capabilities in organi-
zational contexts, identifying dimensions such as embodiment, inter-
activity, and navigability as critical for transforming organizational
processes. Their work underscores VR’s value in environments where
user engagement and interaction depth are essential. Expanding on the
theme of avatars, Suh et al. (2011) investigate the impact of avatar
resemblance on user attitudes and intentions in virtual worlds. Using a
dual-congruity framework, they show that personalized avatars, which
reflect a user’s appearance and identity, significantly enhance engage-
ment and positively influence user intentions, particularly in settings
like virtual shopping and services. Together, these studies emphasize the
evolving role of user affordances and avatar-based embodiment in
shaping both personal and professional interactions within the meta-
verse. They illustrate how VR, AR, and avatar technologies are rede-
fining engagement, fostering deeper connections between individuals
and organizations in virtual environments.

Theme 3: Virtual reality and augmented reality in the tourism
experience and engagement

This theme addresses how metaverse technologies, specifically VR
and AR, are reshaping consumer engagement, satisfaction, and desti-
nation preferences within tourism. Studies explore VR and AR’s role in
enhancing tourism experiences, focusing on applications such as desti-
nation marketing, consumer behavior, value cocreation, and user
experience enhancement (Table 11).

In Guttentag’s (2010) research, virtual reality is examined across six
tourism applications, including planning, management, marketing,
heritage preservation, and education. The study emphasized that VR
allows tourists to explore and appreciate sites without physical travel,
which can be beneficial for promoting sustainable tourism and

Table 10
Publications related to exploring user interaction and affordances.

Author(s) Key metaverse concepts  Application area
Dwivedi et al. Metaverse, avatars, Challenges and opportunities in
(2022) immersive metaverse adoption across business,
environments social, and regulatory landscapes
Dincelli and Immersive VR, Organizational applications and
Yayla affordance- affordances of immersive VR in
(2022) actualization theory information systems

User attitudes and intentions in virtual
settings with avatars, emphasizing
dual-congruity frameworks

Suh et al.
(2011)

Avatars, self-congruity,
functional congruity

10
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Table 11
Publications related to virtual reality and augmented reality in tourism.

Author(s) Key metaverse

concepts

Application area

Guttentag
(2010)

Virtual Reality VR applications in tourism planning,
marketing, heritage, and
management

Impact of VR on tourist behavior and
visit intention using SOR model
Influence of presence in VR on tourist

attitude and destination preference

Kim et al. (2020) Virtual Reality,
immersive experiences
Virtual Reality,
presence, attitude

change

Tussyadiah et al.
(2018)

preserving fragile destinations. This perspective on virtual tourism
aligns with that of Kim et al. (2020), who used the stimulus-organism—
response (SOR) model to understand consumer behavior in VR tourism.
The findings suggest that authentic virtual experiences significantly in-
fluence cognitive and affective responses, fostering stronger attachment
and greater intentions to visit the showcased destination. This rela-
tionship between authenticity and visitor intent highlights VR’s poten-
tial to motivate travelers and encourage destination interest. Adding
depth to the discussion on consumer behavior, Tussyadiah et al. (2018)
investigate how a sense of presence in VR experiences can drive attitude
change and strengthen the preference for a destination. Through studies
in Hong Kong and the United Kingdom, this research illustrates that a
heightened feeling of presence in VR leads to greater enjoyment, posi-
tive attitude shifts, and stronger visitation intention. The emphasis on
presence aligns with the findings of Kim et al. (2020), highlighting that
VR'’s effectiveness in tourism relies on immersive, authentic experiences
that engage users at both emotional and cognitive levels. Together, these
studies illustrate VR and AR’s growing influence on tourism, with ap-
plications that span from improving marketing strategies to creating
more personalized and accessible travel experiences. Each study
emphasized that VR and AR enable immersive interactions that enrich
customer engagement, enhance destination appeal, and foster mean-
ingful connections between tourists and locations.

5. Discussion of research findings

The metaverse is poised to revolutionize business management by
reshaping traditional practices across key domains, integrating meta-
verse technologies to address contemporary challenges and unlock new
opportunities (Fig. 3). At its core, the metaverse leverages tools such as
VR, AR, and digital twins to bridge physical and digital boundaries,
enabling businesses to enhance efficiency, engagement, and decision-
making (Dwivedi et al., 2022; Dolgui & Ivanov, 2023).

The metaverse is reshaping business management across multiple
sectors, including Economics & Policy, Finance, Human Resources,
Manufacturing, Supply Chain Management, Marketing & Retail, and
Tourism. These industries adopt key metaverse applications such as
Digital Twins, Virtual Assets & DeFi, Immersive Training, Policy Simu-
lation, and AR/VR Shopping to drive decision-making, efficiency, and
immersive experiences. This framework ensures a clear distinction be-
tween sectors (business domains) and applications (functional enablers)
while illustrating their cross-sector linkages, creating a holistic repre-
sentation of metaverse integration. However, while these applications
offer significant potential, their practical implementation varies by
sector, often facing technological, regulatory, financial, and workforce-
related challenges that shape their adoption trajectories.

RQ1: How can metaverse technologies reshape strategic decision-making
in economic policy, financial risk management, and workforce development
to address the evolving needs of business organizations?

Economics & Policy Sector: Enabling Strategic Business Deci-
sion-Making. This sector plays a foundational role in the metaverse by
offering controlled experimentation environments that enable business
resource optimization and policy simulation. These simulations allow
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policymakers and researchers to explore economic models, consumer
behaviors, and environmental policies in ways that were previously
infeasible or unethical (Raman et al., 2024b). However, the scalability of
these simulations to real-world policymaking remains limited, as digital
representations of economic behavior often fail to account for unpre-
dictable externalities such as socio-political factors and evolving market
conditions. Moreover, the practical application of these simulations in
finance demands robust mechanisms to mitigate risks associated with
decentralized finance (DeFi), including volatility, security vulnerabil-
ities, and fragmented regulatory oversight. Furthermore, while these
insights benefit Finance through Virtual Assets & DeFi integration,
ensuring regulatory compliance in decentralized finance remains an
unresolved challenge. Additionally, policy-driven insights extend to
Supply Chain Management, improving resilience and logistics optimi-
zation (Queiroz et al., 2023), but the effectiveness of these insights is
contingent on data availability and the integration of real-time eco-
nomic variables. A critical issue also arises in translating virtual
supply-chain simulations to tangible logistics operations, where un-
foreseen disruptions and infrastructural limitations frequently hinder

full implementation.

Finance Sector: Redefining Digital Transactions & Economic
Ecosystems. The Finance sector is at the forefront of metaverse-enabled
economic transformations, particularly through Virtual Assets &
Decentralized Finance (DeFi), which challenge traditional banking
models (Aysan et al., 2024; Belk et al., 2022). However, the practical
adoption of these innovations is constrained by security risks, regulatory
uncertainties, and market volatility (Mahdikhani & Meena, 2024).
While DeFi systems provide new diversification opportunities, they also
introduce risks related to fraud, hacking, and liquidity fluctuations,
which require ongoing policy adjustments and institutional oversight.
For instance, cross-border regulatory fragmentation significantly com-
plicates the implementation and standardization of DeFi solutions,
hindering their widespread acceptance by mainstream financial in-
stitutions. Furthermore, although Digital Twins and Real-Time Moni-
toring, originally developed for Manufacturing and Supply Chain
Management, are being adopted in Finance for fraud detection and
market simulations (Dutta & Singh, 2024), their effectiveness depends
on the availability of high-quality financial data and cross-border
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interoperability in digital finance networks. The complexity and sensi-
tivity of financial data further exacerbate practical challenges,
demanding robust cybersecurity frameworks and harmonized global
standards.

Human Resource Management: Workforce Adaptability, Digital
Twins & Sustainability. The Human Resources sector is leveraging
immersive training, remote collaboration, and workforce adaptability
solutions powered by VR and AI to enhance skill-building and employee
engagement (Akdere et al., 2022; Saeed et al., 2024). However, the
practical implementation of VR-driven HR strategies faces barriers such
as cost, accessibility, and employee resistance. While immersive training
enhances workforce capabilities, it requires significant infrastructure
investment and ongoing adaptation of training content. Moreover,
empirical evidence on the long-term effectiveness of VR training relative
to traditional methods remains limited, raising questions about sus-
tained employee performance improvements. Furthermore, the reliance
on Digital Twins for workplace simulations introduces concerns related
to employee data privacy and performance monitoring ethics. Addi-
tionally, while remote collaboration tools contribute to Sustainable
Digital Ecosystems (Thite, 2022), their effectiveness in hybrid or fully
remote workplaces remains contingent on workforce adaptability and
digital literacy gaps across industries. Addressing these digital literacy
disparities and ethical considerations around surveillance technologies
is crucial for ensuring equitable adoption and acceptance among diverse
employee groups.

RQ2: In what ways do virtual reality, augmented reality, and digital twins
enhance operational efficiency, optimize supply chain management, and
transform marketing practices within business ecosystems?

Manufacturing Sector: Digital Twins & Real-Time Monitoring
for Efficiency. The Manufacturing sector, a key pillar of Industry 4.0,
benefits significantly from Digital Twins, Real-Time Monitoring, and
Adaptive Production Systems, which enhance production efficiency
(Dolgui & Ivanov, 2023; Min et al., 2019). However, the integration of
digital twins into legacy manufacturing systems presents challenges,
including high initial costs, interoperability issues, and resistance from
traditional industry stakeholders. For instance, legacy equipment and
fragmented IT systems within manufacturing plants often limit seamless
data integration, thereby reducing the effectiveness of digital twin
implementations. While these technologies optimize logistics and supply
chain operations, their practical scalability is dependent on standardized
protocols for data sharing and machine interconnectivity (Queiroz et al.,
2023). Furthermore, while Digital Twins aid financial risk modeling in
Finance, their adoption in small and medium enterprises (SMEs) remains
limited due to financial constraints and the technical expertise required
for deployment. Overcoming these barriers requires targeted in-
vestments, supportive industry policies, and comprehensive training
programs to facilitate broader adoption among SMEs and enhance
industry-wide productivity.

RQ3: How do metaverse-enabled interactions, immersive retail experi-
ences, and virtual tourism applications redefine customer engagement and the
user experience in business contexts

Supply Chain Management: Logistics Optimization & Resil-
ience. The Supply Chain Management sector is undergoing rapid
transformation through Digital Twins, Logistics Optimization, and
Interoperability Challenges, ensuring real-time data-driven supply chain
resilience (Queiroz et al., 2023). However, despite their advantages, the
practical application of digital twins in global supply chains is con-
strained by fragmented data ecosystems and inconsistencies in IoT
implementation. For instance, variances in international data standards
and regulatory compliance significantly impede effective cross-border
collaboration and seamless data sharing. Additionally, while real-time
monitoring improves decision-making under uncertainty, many orga-
nizations lack the infrastructure to fully leverage predictive analytics
(Dolgui & Ivanov, 2023). The integration of Al-driven forecasting and
blockchain for traceability is promising but faces adoption hurdles due
to cybersecurity concerns and integration costs. Overcoming these
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obstacles requires substantial investment in secure digital in-
frastructures and standardized protocols to enhance trust and opera-
tional interoperability across supply chain networks.

Marketing & Retail: AR/VR for Consumer Engagement & Pri-
vacy Challenges. The Marketing & Retail sector leverages AR/VR
shopping experiences, customer engagement tools, and privacy & ethics
solutions to redefine consumer interactions. However, while AR/VR
Shopping enhances consumer engagement, its adoption is limited by the
costs of VR hardware, digital divide issues, and consumer reluctance
toward immersive shopping environments (Barrera & Shah, 2023; Dang
Quan et al.,, 2024). For instance, persistent technological discomfort
among certain consumer demographics reduces the practical scalability
of AR/VR experiences in mainstream retail, necessitating strategies for
consumer education and accessible interfaces. Moreover, privacy con-
cerns surrounding AR/VR-driven consumer data collection highlight the
regulatory need for stricter data protection policies (Mahajan et al.,
2023). Additionally, while Virtual Assets & DeFi facilitate digital retail
transactions, their integration into mainstream e-commerce remains
dependent on financial regulations and consumer trust in
blockchain-based transactions. Addressing these trust issues requires
proactive transparency measures, clear consumer communication, and
robust cybersecurity frameworks to promote widespread acceptance.

Tourism: Virtual & Sustainable Travel Experiences. The Tourism
sector benefits from Virtual Tourism, Sustainable Travel, and Immersive
Experiences, which reduce environmental impact while enhancing
accessibility (Gursoy et al., 2022; Tussyadiah et al., 2018). However, the
widespread adoption of virtual tourism remains uncertain, as tourists
may view VR travel as a supplement rather than a replacement for
physical experiences. For instance, while virtual experiences offer so-
lutions to overtourism and environmental degradation, consumer de-
mand often prioritizes physical authenticity, potentially limiting
broader industry acceptance. Furthermore, while AR/VR-driven
customer engagement enhances tourism branding, many tourism oper-
ators lack the financial resources to develop high-quality immersive
experiences. Additionally, Privacy & Ethics concerns that emerge in
Retail extend into Tourism, as virtual experiences require robust con-
sumer data protection policies. While sustainable digital ecosystems
support environmentally conscious tourism, consumer perceptions of
authenticity and engagement with digital tourism remain variable.
Addressing these challenges requires strategic alignment between vir-
tual offerings and tourists’ evolving preferences, alongside policy sup-
port for smaller tourism operators to enable equitable adoption.

While metaverse technologies present transformative potential
across industries, their real-world applicability is subject to sector-
specific constraints. Regulatory uncertainty in Finance, infrastructure
barriers in Supply Chain Management, technological limitations in HR,
and privacy concerns in Retail and Tourism present challenges that must
be addressed before large-scale adoption is feasible. The successful
implementation of metaverse-driven innovations will require industry-
specific adaptations, investment in digital infrastructure, and regulato-
ry frameworks that ensure security, fairness, and inclusivity across
business ecosystems. While shifting the paradigm of management from
current practices to what could be done in a metaverse environment,
businesses need to consider an equilibrium between innovating and
ethics as well as business processes. This new means of managing
(Dwivedi et al., 2022; Mahajan et al., 2023) provides the opportunity for
sustainable and high-efficiency human-centric management where
every effort can contribute to improving overall performance.

The reviewed literature offers insights into metaverse technologies
across economic policy, finance, workforce development, supply chain
management, and consumer engagement. However, certain limitations
and biases should be acknowledged when interpreting these findings.

First, disciplinary biases are evident, as many studies originate from
specific fields such as economics, finance, or marketing, leading to a
concentration of perspectives that may overlook interdisciplinary in-
sights. For example, while economic studies focus on virtual
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experiments for policy analysis (de Solla & Martin, 2009; Innocenti,
2017), they may not sufficiently account for technological feasibility or
ethical considerations in metaverse-based decision-making. Similarly,
studies in financial risk management primarily analyze cryptocurrency
and DeFi applications (Vidal-Tomas, 2022; Qiao et al., 2023; Li et al.,
2023), potentially underrepresenting traditional banking sector impli-
cations and regulatory challenges beyond blockchain-driven financial
models.

Second, methodological constraints exist in how metaverse tech-
nologies are studied. Many VR-based economic experiments and digital
twin applications rely on controlled environments, which may not fully
replicate real-world complexities or long-term behavioral adaptations
(Olschewski et al., 2012). This limitation suggests that while these
studies provide valuable preliminary insights, their applicability to
large-scale policymaking or industry-wide adoption requires further
empirical validation. Additionally, financial risk studies rely on histor-
ical asset performance and time-frequency analysis (Qiao et al., 2023),
which may not account for future technological shifts or regulatory in-
terventions that could reshape the metaverse’s economic landscape.

Third, technological bias and accessibility issues shape how meta-
verse adoption is examined. The literature predominantly reflects find-
ings from studies conducted in high-income countries and
technologically advanced industries, with limited coverage of metaverse
applications in developing economies or resource-constrained sectors.
This geographic bias affects the generalizability of findings, particularly
for workforce development and consumer engagement themes, where
differences in digital literacy, infrastructure, and affordability may
significantly influence adoption patterns (Malik et al., 2022; Schmid
Mast et al., 2018; Thite, 2022).

Lastly, publication bias should be considered, as the reviewed liter-
ature primarily consists of peer-reviewed journal articles, which may
favor positive findings and well-established technologies while under-
reporting failed implementations or challenges in metaverse adoption
(Dwivedi et al., 2022). The evolving nature of metaverse technologies
also means that some studies may quickly become outdated, requiring
continuous updates to capture emerging trends and shifting business
models (Grewal et al., 2017; Rauschnabel et al., 2019).

Acknowledging these biases and limitations highlights areas for
future research, such as interdisciplinary approaches, longitudinal
studies, and broader geographic representation, to develop a more
comprehensive understanding of metaverse-driven transformations
across industries.

5.1. Implications for theory

The integration of metaverse technologies such as digital twins, VR,
AR, and mixed reality across sectors presents rich avenues for theoretical
advancement, challenging and extending established concepts in man-
agement, marketing, supply chains, tourism, and human resources. In
the context of digital twins and supply chain resilience, existing theories
of supply chain risk management and resilience, such as the resource-
based view (RBV), can be expanded to incorporate the dynamic feed-
back loops enabled by digital twins. Traditional models often view re-
sources as static; however, digital twins enable real-time simulation and
data-driven adaptation, calling for a redefinition of resources to include
live digital models that contribute to resilience (Dolgui & Ivanov, 2023).
This enhancement also supports contingency theories, as digital twins
enable organizations to respond proactively to varied disruption sce-
narios, validating contingency principles within complex, data-rich en-
vironments (Queiroz et al., 2023; Mahdikhani & Meena, 2024).

Our findings advance existing theories by introducing insights into
how metaverse technologies such as digital twins, VR, AR, and mixed
reality reshape traditional assumptions and expand theoretical bound-
aries across various domains, including supply chain resilience, con-
sumer behavior, tourism authenticity, and organizational learning. Our
findings contribute to theoretical advancements within these fields as
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follows:

1. Supply chain resilience and the resource-based view (RBV): Our
findings on digital twins in supply chain management enhance the
RBV by reconceptualizing resources as dynamic, live data assets that
continuously inform and adapt to real-time conditions (Huang et al.,
2023; Barney, 2001). The traditional RBV focuses on the strategic
value of static resources (Barney, 2001), but digital twins introduce
living resources that continuously update and simulate scenarios,
allowing firms to adapt instantly to supply chain disruptions. This
dynamic view supports a more resilient, adaptable interpretation of
RBV (Huang et al., 2023), where resources are not only possessed but
also continuously engaged to create competitive advantage in com-
plex, volatile markets.

2. Consumer experience and technology acceptance models: Our
findings on VR and AR applications in marketing and customer
engagement extend models such as the Technology Acceptance
Model (TAM) (Davis, 2024) and the Unified Theory of Acceptance
and Use of Technology (UTAUT) (Venkatesh et al., 2003) by showing
that immersive experiences add emotional engagement as a key
factor in technology adoption (Phang & Kong, 2024; Cummings
et al., 2023). While the TAM traditionally focuses on perceived
usefulness and ease of use, our findings reveal that in immersive
environments, perceived presence and enjoyment can be as critical
as utility. This finding indicates that emotional and sensory
engagement should be integrated as key constructs within accep-
tance models when metaverse technologies are evaluated, especially
in customer-facing sectors such as retail and tourism (Phang & Kong,
2024; Cummings et al., 2023).

3. Experiential consumption and brand attachment: Our explora-
tion of AR’s role in fostering brand attachment introduces a new
dimension to experiential consumption and brand loyalty theories.
Immersive AR experiences allow consumers to build emotional
connections with brands through direct, vivid interactions that make
the brand feel more tangible and personal (Sun et al., 2023; Cobb &
Bowers, 1999). By enhancing sensory and emotional engagement,
AR creates deeper brand attachments, advancing relationship mar-
keting theories by positioning immersion and interactivity as new
drivers of loyalty and repeat behavior (Cummings et al., 2023).

4. Authenticity in tourism and service management: Our findings
on virtual tourism demonstrate that VR can alter traditional concepts
of authenticity, particularly within heritage and eco-sensitive
tourism (John & Supramaniam, 2024). Theories of authenticity in
tourism, which often emphasize the tangible, physical experience,
are expanded as VR presents a digital form of staged authenticity that
resonates with tourists’ emotional and cognitive expectations
without requiring physical presence (Rickly & Canavan, 2024). This
virtual authenticity encourages tourism theory to include virtual
experiences as legitimate channels for connection and value crea-
tion, particularly for destinations where physical visitation may not
be sustainable or possible (Yersiiren & Ozel, 2024; Sun et al., 2023).

5. Organizational learning and situated cognition: In the context of
VR and AR in training and workforce development, our findings
enrich experiential learning theories by demonstrating that immer-
sive simulations facilitate deeper skill retention and engagement
(Cobb & Bowers, 1999). Traditionally, situated cognition theory
posits that learning is most effective when it occurs within the
environment where the knowledge will be applied. VR’s ability to
create high-fidelity simulations allows learners to practice tasks as if
in the real world, advancing situated cognition theory by high-
lighting VR’s unique ability to provide experiential learning even in
remote or virtual environments (Makransky & Petersen, 2021).

6. Value cocreation and service ecosystems in tourism and hospi-
tality: Our findings show that metaverse technologies in tourism and
hospitality promote new dimensions of value cocreation, where
consumers engage actively with service providers in a virtual space.
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Traditional theories of value cocreation and service ecosystems can
be extended to include digital interactions that complement physical
experiences (John & Supramaniam, 2024). For example, VR tours
before an actual visit can enhance a tourist’s connection to a desti-
nation, creating a more meaningful experience and cocreating value
that begins before the physical trip (Rickly & Canavan, 2024).

In manufacturing and operations, the use of digital twins to model
complex processes raises theoretical questions about system dynamics
and cyber-physical integration. Cyber-physical system (CPS) theories
can be expanded to consider the dynamic and predictive capabilities
provided by digital twins, which enable real-time adaptation in response
to changing production variables (Guo & Mantravadi, 2024). Digital
twins also contribute to just-in-time (JIT) and lean production theories
by offering continuous insights that enable waste reduction, predictive
maintenance, and real-time adjustments. This continuous feedback loop
challenges static operational models and supports the development of
more dynamic theories of production and operational efficiency (Dolgui
& Ivanov, 2023).

In summary, our findings advance these theories by providing
empirical insights into how metaverse technologies reshape founda-
tional constructs such as resource dynamism, consumer engagement,
authenticity, experiential learning, and value cocreation. By integrating
digital, immersive experiences into theoretical frameworks, we provide
a modernized lens through which future researchers and practitioners
can explore the growing impact of the metaverse on business practices
and consumer behavior. These contributions underscore the need for
theories to evolve alongside digital advancements, fostering a deeper
understanding of how metaverse technologies transform both strategic
operations and consumer relationships across industries (Yersiiren &
Ozel, 2024; Dolgui & Ivanov, 2023).

5.2. Implications for policy

Metaverse technologies, including digital twins, VR, AR, and mixed
reality, are rapidly transforming various sectors, such as the supply
chain, manufacturing, retail, tourism, and marketing, creating both
opportunities and regulatory needs. As businesses increasingly adopt
these technologies, policymakers must consider the implications of data
privacy, interoperability, and digital infrastructure. Digital twins, for
instance, offer valuable insights for supply chain resilience, allowing
companies to model real-time conditions and respond to disruptions
more effectively. However, the widespread adoption of these systems
requires regulatory frameworks that promote data standardization and
ensure cross-platform interoperability to facilitate global supply chains.
In manufacturing, the use of digital twins and IoT-powered analytics for
monitoring and optimizing production could be supported by govern-
ment incentives or subsidies for companies that implement energy-
efficient practices, aiding both resilience and sustainability objectives.
Therefore, to maximize the benefits of metaverse technologies in sectors
such as tourism and retail, policies should encourage best practices
around data privacy and secure customer interactions, which are central
to customer trust and industry compliance.

For consumer-facing applications in sectors such as retail, tourism,
and marketing, AR and VR technologies require policies focused on
transparency, accessibility, and equitable access. As AR and VR enable
highly personalized customer experiences, policy frameworks should
emphasize clear disclosures around data collection and usage, especially
as personal data and behavioral analytics become integral to tailoring
these experiences. In tourism, VR applications that replicate historical or
endangered sites present a unique policy opportunity to support cultural
preservation through virtual experiences while managing environ-
mental impact. Policymakers can support the expansion of VR tourism
while encouraging tourism boards and businesses to use these tools in
ways that promote sustainability. Finally, metaverse technologies in
education, healthcare, and other service sectors should be made
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accessible across socioeconomic groups, calling for policies that
encourage affordable access and digital literacy programs to bridge
potential gaps. By addressing these aspects, policymakers can foster a
digital landscape that promotes both innovation and ethical, sustainable
growth across diverse industries.

5.3. Implications for practice

For practitioners across industries, the integration of metaverse
technologies such as digital twins, VR, AR, and mixed reality presents
actionable opportunities to enhance operational efficiency, customer
experience, and sustainability. In supply chain management, practi-
tioners should leverage digital twins to monitor, predict, and respond to
disruptions in real time. For example, a logistics company could use
digital twins to simulate various transportation routes and identify po-
tential bottlenecks, enabling proactive adjustments that optimize de-
livery times and reduce fuel consumption. By continuously updating
models with real-time data, supply chain teams can maintain an agile,
resilient operation, which is especially critical during global disruptions.
Manufacturing practitioners can similarly employ digital twins for pre-
dictive maintenance and quality control, reducing downtime and waste.
For example, a factory could use IoT sensors and digital twins to monitor
machinery performance, scheduling repairs only when needed to avoid
unnecessary interventions and extend equipment life.

In customer-facing sectors such as retail, tourism, and marketing,
metaverse technologies such as AR and VR can transform the consumer
journey, offering innovative ways to interact with products and services.
Retailers, for example, can use AR apps that allow customers to visualize
furniture or decor in their own homes before purchasing, which en-
hances buyer confidence and reduces return rates. Similarly, marketing
professionals can apply VR to create immersive brand experiences, such
as a virtual tour of a destination for potential travelers, fostering
emotional connections and increasing conversion rates. To optimize AR
and VR experiences, practitioners should invest in content that not only
captures but also respects user privacy; gathering data on user prefer-
ences should be transparently and securely managed to build trust. In
tourism, VR tours of historical or eco-sensitive sites offer an alternative
to physical visits, reducing foot traffic and promoting sustainable travel
practices. By creating rich, interactive virtual experiences, tour opera-
tors can attract a global audience while protecting physical sites,
catering to the growing market of eco-conscious travelers.

Finally, for sectors such as education, healthcare, and professional
training, VR and AR can provide interactive, accessible learning envi-
ronments. Practitioners in these areas should consider integrating VR
simulations to offer hands-on training for complex tasks, for example,
surgical training in healthcare or machinery operation in technical
fields—allowing students and professionals to practice without real-
world risk. Educators can create digital classrooms using VR, reaching
students regardless of their location and making advanced education
more inclusive. Practitioners across industries should also invest in
digital literacy and accessibility initiatives, ensuring that metaverse
technologies are user friendly and accessible to individuals of varying
technological proficiencies. By incorporating these actionable practices,
practitioners can harness the full potential of metaverse technologies to
drive meaningful, customer-centric, and efficient advancements in their
industries.

6. Conceptual framework, research propositions, and future
research

6.1. Conceptual framework

Based on our findings and discussion, Fig. 4 illustrates our proposed
conceptual framework; it depicts how metaverse technologies influence
business management by delineating four components: antecedents,
mediators, moderators, and consequences.



R. Raman et al.

[Consequences @ 'n‘

Enhanced Decision-Making - w:

International Journal of Information Management Data Insights 5 (2025) 100335

,{@6 Antecedents ]

| |
I ] T
1 1 U .
i i r - Technological Advancements
Improved Customer Engagement —w: ! ! \ Organizational Goals
. L. | 4 \ ! m-
Operational Resilience -1 ! S ! X
) ] ! i & . r - Market Trends
Sustainable Practices -- hN 7= S :
, 1 I '~ Environmental Pressures
Innovations in Learning - - Metaverse
Technologies
- ; ; F-._| QUa ;
y in Business 1a Mediators
‘ - Management

Ethical and Privacy Concerns - -

Regulatory Frameworks - 1
Cost and Accessibility - 1:

User Experience Challenges - -’

Immersive Technology Adoption

Operational Efficiency

I
r-
1
1
r-
1
1

r- Value Co-Creation

'~ Experiential Learning

Fig. 4. Conceptual framework for metaverse technologies in business management.

The antecedents determine the future factors that favor the appli-
cation of metaverse technologies in business management. This em-
braces developments in the domain of technology, particularly AR, VR,
blockchain, and AI, which would act as the metaverse supportive
infrastructure or backbone, enabling the metaverse to flourish and
assisting in its market proliferation (Mahdikhani & Meena, 2024; Dwi-
vedi et al., 2023). Immersive ecosystems improve organizational de-
cisions, triggering more efficient behaviors, which can be considered
essential transformational factors for innovation and the fulfillment of
strategic alignment (Queiroz et al., 2023). In addition to addressing
specific use cases, metaverse initiatives are aligned with high-level
strategic objectives focused on improving customer engagement (or
more general process improvement goals) (Mahajan et al., 2023).

Another critical component of the technology adoption framework,
market trends’, can be driven by evolving consumer expectations and
the growing need for brands to provide personalized and interactive
experiences through metaverse tools to maintain brand loyalty and
market position (Barrera & Shah, 2023; Lim et al., 2024). Finally,
environmental drivers such as the need to comply with rules, social
licenses to operate, or sustainability requirements compel organizations
to embrace metaverse architectures to market (i) the governance of
ethical practices and (ii) the most effective use of assets (circular eco-
nomic system) (Aysan et al., 2024).

On the other hand, the mediators are the mechanisms through which
metaverse technologies affect business results. These tools not only can
be easily integrated into a business process but also provide an immense
boost to the level of engagement by turning a service into a product,
given the rise of metaverse technologies such as AR and VR. VR-based
environments (Saeed et al., 2024; Mahajan et al., 2023) enable
high-fidelity simulations in immersive training scenarios, enhancing
skill development and operational capabilities.

The metaverse excels in helping businesses achieve operational ef-
ficiency -another important mediator- by improving workflow and
resource utilization. For instance, digital twins enable real-time moni-
toring and prediction to support decision-making and optimize pro-
ductivity (Dolgui & Ivanov, 2023; Queiroz et al., 2023).

The emergence of value cocreation as an outcome is materialized
through collaborative and interactive virtual environments. This
approach encourages stakeholders to experience a brand and its services
in an immersive way, leading to loyalty and satisfaction (Barrera &
Shah, 2023; John & Supramaniam, 2024). Finally, experiential learning
mirrors a game-changing moderator, wherein the VR-driven learning
milieu mimics structures in the real finite world, effectively allowing
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employees, as well as customers, to transfer theoretical learning to
practical applications. Such innovations lead to improvements in the
retention and agility of knowledge, resulting in the preparedness of
organizations for the future (Akdere et al., 2022; Saeed et al., 2024).

Moderators are the contextual factors that affect the strength or di-
rection of the relationship between metaverse technologies and impacts.
Issues of ethics and privacy (e.g., data security, virtual asset governance,
and user consent) greatly influence public perceptions toward the met-
averse and impede acceptance in organizations (Dwivedi et al., 2022;
Mahajan et al., 2023). Similarly, regulatory frameworks set the legal
boundaries of metaverse technology deployment while ensuring
compliance and risk aversion, particularly within decentralized finance
and virtual asset management (Aysan et al., 2024; Vidal-Tomas, 2023).
Cost and accessibility are also extremely important determinants, as the
economic viability and availability of resources affect the scalable
prospects of metaverse tools, especially for SMEs (Mahdikhani & Meena,
2024; Queiroz et al., 2023). Moreover, UX-related challenges such as
interface usability, technology adoption barriers, and adaptiveness to
diverse user needs hinder the findings of the effectiveness and wide-
spread use of metaverse platforms (Steffen et al., 2019; Suh et al., 2011).

Consequences describe what each of the metaverse technologies can
do when enacted in business management, which shows the business
change in all aspects. The system provides benefits, including better
decision-making backed up by data-driven and immersive analyses such
as examples of digital twins and VR, where monitoring is carried out in
an analog and prediction can be performed in real time (Dolgui & Iva-
nov, 2023; Mahajan et al., 2023). Using these tools provides organiza-
tions with actionable insights that can enhance planning and operations.

Interactive, personalized virtual experiences lead to improved
customer interaction and cultivate brand attachment while fostering
consumer satisfaction. With respect to immersive environments, tech-
nological implementations in the form of AR & VR applications can help
businesses devise engaging platforms aligned with changing customer
preferences and thus reinforce loyalty (Barrera & Shah, 2023; Lim et al.,
2024). Operational resilience is another top outcome driven by the
adaptive and real-time capabilities of metaverse technologies. Such in-
novations facilitate proactive risk management and enable agile re-
sponses to disruptions, thereby increasing supply chain robustness
(Queiroz et al., 2023).

In addition, virtual replacements for resource-hungry processes, such
as digital twins in manufacturing and VR in tourism, open rooms for
sustainable applications compatible with circular economy principles
and lead to a lower environmental footprint (Aysan, 2024; Gursoy,
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2022). Finally, next-generation learning has revolutionized workforce
development: VR, AR, and immersive environments can reduce the
distance between theory and the office. These tools assist the workforce
in developing skills more quickly and retaining competencies faster,
allowing them to pivot as the business landscape shifts (Akdere et al.,
2022; Saeed et al., 2024).

Therefore, the proposed framework provides a structured under-
standing of the drivers, pathways, contextual influences, and impacts of
metaverse technologies in the context of business management.

6.2. Research propositions

The metaverse is redefining business management by integrating
immersive technologies across various domains. These technologies,
including VR, AR, and digital twins, offer innovative tools for decision-
making, engagement, and operational efficiency while presenting
unique challenges such as privacy concerns, cost barriers, and skill re-
quirements. Below, research propositions for each domain are pre-
sented, combining insights to provide practical and actionable
directions.

The metaverse’s ability to create immersive and realistic environ-
ments offers significant advancements in economic research and policy
analysis, enabling ethical and innovative experimentation. However,
addressing barriers such as cost and accessibility is crucial for maxi-
mizing its potential.

P1: The metaverse enhances empirical research and policy analysis
through immersive experimentation, but its adoption requires overcoming
challenges related to cost, simulator sickness, and accessibility.

Virtual assets and decentralized finance (DeFi) within the metaverse
challenge traditional financial systems by introducing unique risk pro-
files and transaction dynamics. Their integration necessitates updated
regulatory frameworks and innovative portfolio strategies for sustain-
able economic models.

P2: The integration of virtual assets and DeFi in the metaverse requires
adaptive regulatory frameworks and diversified financial strategies to
manage risks and enable sustainable economic systems.

Metaverse technologies such as VR and AR transform HR practices by
enabling personalized employee development and performance evalu-
ations. However, effective implementation should balance the benefits
of these technologies with challenges such as technostress and employee
well-being.

P3: Metaverse technologies in HR practices enhance training and
adaptability but require proactive strategies to address technostress and
ensure employee well-being.

Digital twin and VR technologies drive adaptive and efficient
manufacturing processes, enabling lifecycle management and sustain-
able practices. However, successful adoption depends on addressing
integration barriers such as cost and interoperability through cross-
sector collaboration.

P4: Digital twins and VR technologies in Industry 4.0 enhance adaptive
manufacturing and sustainability but require collaboration and standardi-
zation to address cost and integration challenges.

AR and VR redefine marketing strategies by enabling interactive,
personalized consumer experiences that foster engagement and influ-
ence purchasing decisions. To maximize their impact, marketers should
address privacy concerns and ethical considerations associated with
immersive platforms.

P5: AR and VR transform marketing by enabling interactive consumer
experiences, but their effective use requires addressing privacy and ethical
challenges.

AR enhances retail experiences by bridging digital and physical
engagement and improving customer decision-making and satisfaction.
However, retailers must balance practical and emotional benefits while
addressing technological and privacy concerns for effective
implementation.

P6: AR enhances retail engagement and satisfaction but requires
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balancing functional and emotional benefits while addressing privacy and
technological challenges.

Digital twins optimize supply chain management by enabling real-
time monitoring, fault detection, and predictive analytics. Overcoming
barriers such as integration costs and interoperability is essential for
achieving resilience and efficiency.

P7: Digital twins enhance supply chain resilience and adaptability, but
their success depends on addressing high implementation costs and interop-
erability challenges.

VR and AR in tourism provide sustainable and accessible alternatives
to physical travel, fostering consumer engagement and reducing envi-
ronmental impact. Effective implementation requires attention to us-
ability, authenticity, and standardization.

P8: VR and AR in tourism enhance sustainability and engagement but
require high-quality design and standardized approaches for effective
integration.

6.3. Future research directions

Building on the findings and research propositions, several prom-
ising directions for future research have emerged (Fig. 5). These di-
rections aim to address gaps and opportunities identified in the
integration of metaverse technologies across various domains of busi-
ness management, offering a roadmap for advancing both theory and
practice.

Exploring the ethical dimensions of immersive business tech-
nologies: The metaverse poses serious ethical implications — from
privacy to psychology to data ownership. Future research may explore
paradigms to address these issues, aimed at better understanding the
potential of immersive technologies in a way that is responsible for
businesses. An important gap lies in understanding regulatory frame-
works across jurisdictions, where comparative studies could explore
how different countries approach data governance and ethical compli-
ance in metaverse ecosystems. Research could explore the interaction
between personalization and privacy concerns, especially in sectors such
as marketing, retailing, and tourism, where consumer data forms the
basis of providing captivating experiences (Dwivedi et al., 2022;
Mahajan et al., 2023). Longitudinal studies concerning the psychologi-
cal effects on employees and customers from thorough metaverse usage
could offer relevant insights for policymakers and business managers
(Akdere et al., 2022; Saeed et al., 2024). Additionally, empirical
research on digital identity formation and its psychological implications
in virtual business environments could provide a deeper understanding
of user behavior and ethical considerations. Such queries are critical
outcomes of the ethical and sustainable adoption of immersive tech-
nologies across industries.

Advancing Metaverse Research

Cross-

Soa Ethical
Disciplinary . .
Dimensions
Frameworks
Developing Exploring privacy,
integrated psychological
frameworks impacts, and data
across diverse ownership
fields
Sustainable
Business
Practices
Integrating Identifying cost-

effective solutions
for broader
adoption

metaverse tools
for sustainability

Fig. 5. Advancing metaverse research.
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Enhancing accessibility and cost-effectiveness for broader
adoption: The expense of metaverse technologies, including virtual
reality and digital twins, restrains most firms from harnessing oppor-
tunities, with larger enterprises being able to capitalize on this tech-
nology. This requires research aimed at finding cost-effective solutions
and scalable models to deploy these technologies (Dolgui & Ivanov,
2023; Mahdikhani & Meena, 2024). Future studies could explore the
potential of Al-driven automation in reducing the cost of metaverse
deployment, making these technologies more accessible for small and
medium enterprises (SMEs). It is necessary to investigate open-source
platform approaches, collaborative frameworks, and modular systems
designed to lower economic and technical barriers. Case studies detail-
ing successful low-cost implementations, particularly those utilizing
open-source VR tools, may offer practical guidance for
resource-constrained organizations (Queiroz et al., 2023). Furthermore,
interdisciplinary research examining how blockchain-enabled smart
contracts can facilitate cost-effective metaverse transactions and virtual
asset management may provide innovative financial solutions. Such
efforts are crucial for democratizing metaverse adoption and enabling
inclusive innovation.

Integrating metaverse technologies into sustainable business
practices: The metaverse offers a plethora of opportunities for aug-
menting sustainability, ranging from virtual tourism to lifecycle man-
agement in manufacturing, but more insight is required on how it can
facilitate sustainable business models. Future research can study the role
of immersive technologies in facilitating circular economy practices,
optimizing resources, and lowering carbon footprint (Raman et al.,
2024b; Dutta & Singh, 2024). Digital twins can be used for optimizing
resource use in the manufacturing industry, leading to reduced waste
and energy consumption (Dolgui & Ivanov, 2023). Further research
could assess the life cycle assessment (LCA) of metaverse applications to
quantify their environmental impact and identify opportunities for
greener virtual environments. The utilization of specific sustainability
metrics can also benefit businesses looking to align with environmental
and social goals by linking metaverse applications to actionable insights
(Mahajan et al., 2023). Additionally, research on how decentralized
autonomous organizations (DAOs) in the metaverse can enhance sus-
tainability governance could offer innovative strategies for businesses
seeking more transparent and accountable ESG practices.

Development of cross-disciplinary theoretical frameworks for
the metaverse: The metaverse covers a variety of domains, including
technology, psychology, economics, and management; however, the
theoretical foundation remains scarce. Further studies need to develop
integrated frameworks that combine insights from diverse disciplines to
steer how metaverse technologies may be used. For instance, applying
behavioral economics theories to study consumer decision-making in
virtual retail environments can bridge knowledge gaps in metaverse-
based consumer engagement. For example, integrating user experience
theories with organizational behavior might assist companies in creating
metaverse settings that are attractive and operationally viable (Dwivedi
et al., 2023; Roh et al., 2024). Similarly, research examining the inter-
action between economic and financial theories and immersive envi-
ronments could shed light on regulatory and strategic approaches to
virtual asset management (Aysan et al., 2024; Belk et al., 2022). Future
research may also explore cognitive load theories to optimize informa-
tion presentation in virtual workspaces, ensuring productivity and
well-being in metaverse-based professional settings.

These future research directions emphasize the importance of
bridging theoretical gaps, addressing practical challenges, and
leveraging the metaverse’s potential to create innovative, ethical, and
sustainable business practices. A structured approach to these research
gaps can be summarized in Table 12, which categorizes key future
research directions across ethical, technological, economic, and sus-
tainability dimensions. For example, frameworks addressing ethical
concerns such as privacy and data security can draw from existing
studies on immersive technology adoption and its societal impact
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Table 12
Summary of Future research directions in the metaverse.

Research area Key questions Suggested approaches

Ethical
Dimensions

How do different jurisdictions
regulate metaverse ethics and
data privacy?

How can Al-driven automation

Comparative regulatory
studies, empirical research
on digital identity

Accessibility & Case studies, cost-

Cost and blockchain reduce effectiveness analyses
metaverse deployment costs?

Sustainability What are the environmental Life Cycle Assessments,
impacts of metaverse DAO-led ESG governance
technologies? models

Cross- How do behavioral economics Theoretical framework

Disciplinary and cognitive load theories development,
Theories apply to metaverse adoption? interdisciplinary integration

(Dwivedi et al., 2022; Mahajan et al., 2023). Practical challenges, such
as high implementation costs and accessibility barriers, can be addressed
through scalable solutions highlighted in research on cost-effective
metaverse deployments (Dolgui & Ivanov, 2023; Queiroz et al., 2023).
Furthermore, studies linking immersive technologies to circular econ-
omy practices and sustainability goals provide a robust foundation for
businesses aiming to align with environmental imperatives (Mahdikhani
& Meena, 2024). By advancing these areas, researchers can contribute to
a more comprehensive understanding of how metaverse technologies
reshape the landscape of business management, fostering innovation
while ensuring ethical and sustainable progress (Dutta & Singh, 2024;
Roh et al., 2024).

7. Conclusions

The metaverse represents a significant transformation in business
operations, integrating advanced technologies such as VR, AR, digital
twins, and decentralized finance to bridge the physical and digital
worlds. This study systematically reviewed the applicability of meta-
verse technologies across multiple industries, including marketing,
supply chain management, human resource development, tourism, and
finance, highlighting both their potential benefits and inherent chal-
lenges. While these technologies introduce new efficiencies, immersive
experiences, and data-driven decision-making, their adoption remains
uneven across industries due to sector-specific limitations, regulatory
uncertainties, and technological barriers.

Despite the transformative potential, several practical challenges
limit large-scale implementation. High costs of adoption, interopera-
bility concerns, cybersecurity risks, and ethical considerations sur-
rounding data privacy and inclusion continue to hinder widespread
adoption. Additionally, the fragmented regulatory landscape for virtual
assets and DeFi poses risks to financial stability, while VR-based work-
force development raises concerns about technostress, accessibility, and
digital literacy gaps. Moreover, disparities in infrastructure and meta-
verse readiness across regions and industries exacerbate implementation
difficulties, making scalability and standardization critical areas for
future development. The environmental impact of metaverse technolo-
gies remains an ongoing concern. While digital twins and virtual simu-
lations offer sustainability benefits by reducing material waste and
optimizing supply chains, the energy-intensive nature of blockchain and
data-heavy immersive environments may offset these gains. Future
research should explore ways to improve the environmental footprint of
metaverse applications, balancing economic opportunities with sus-
tainability goals.

Addressing these technological, ethical, and economic contradictions
requires collaboration between policymakers, industry practitioners,
and researchers to establish scalable, cost-effective solutions and ethical
standards. More theoretical and cross-disciplinary approaches are
needed to distinguish between technological adoption barriers and
broader ethical and environmental concerns, ensuring that metaverse-
driven innovation aligns with responsible business practices.
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Ultimately, businesses that strategically and ethically integrate meta-
verse technologies will be best positioned to capitalize on new oppor-
tunities for growth, resilience, and sustainability in an increasingly
digital economy. However, critical evaluation of sector-specific adop-
tion challenges is necessary to ensure that metaverse applications do not
simply replicate existing business inefficiencies but genuinely contribute
to long-term digital transformation.
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