Are we ready for Metaverse adoption in the Service Industry? Theoretically
exploring the barriers to successful adoption 

Abstract    
[bookmark: _Hlk145846372]The Metaverse has emerged as a convergence of technologies and conceptions with the potential to reshape how we interact, participate, learn, and entertain ourselves in the digital age. It has gained substantial attention recently due to its immersive, interconnected, and virtual environment for meeting evolving customer and market demands. As technology advances, firms implementing the Metaverse may gain a competitive edge and create new revenue streams. However, the service sectors still face challenges in adopting and successfully implementing Metaverse. Therefore, we attempted to establish a theoretical foundation to understand the challenges (barriers) of metaverse adoption in the service sector and to develop an integrated framework to analyse the barriers using the Fuzzy Analytic Hierarchy Process (FAHP) and Fuzzy Decision-making trial and evaluation laboratory (F-DEMATEL) techniques. To achieve this, First, we identify barriers from extensive literature and further categorise them into six broad categories through experts’ opinions. Then, we ranked each category and their constituting barriers based on their criticality through FAHP. The Security and Privacy category has the highest weight among the six categories of barriers, followed by Governance and Standardisation, Infrastructure, User Behaviour and psychology, Feasibility, and Organisational culture and Stakeholder commitment. Further, we develop the causal-effect relationships among the six categories and order them based on their degree of prominence and relationships. We found that Security and Privacy is one of the most influencing barriers. This study offers valuable insights into the relationships among the barriers and how they can impact progress towards achieving specific goals or objectives.
Keywords: Metaverse, Multi-criteria decision-making, Fuzzy AHP, Fuzzy DEMATEL
1. Introduction
The Metaverse is often described as an immersive, interconnected virtual reality that encompasses the elements of the physical world and permits users to communicate and interact with each other[footnoteRef:1]. It is commonly referred to as the next version of the internet. It puts together all the technology, such as virtual reality headsets, blockchain, and avatars, to create a shared virtual environment that would be immersive and interactive. Although the term "Metaverse" is not yet fully developed, it is usually thought of as a new type of social, economic, and cultural infrastructure that has the power to transform many elements of daily life drastically[footnoteRef:2]. Figure 1 depicts the history of Metaverse from 1992 to till date.   [1:  Mark in the Metaverse. Accessed on 23.04.2022. https://www.theverge.com/22588022/mark-zuckerberg-facebook-ceo-metaverse-interview ]  [2:  https://hbr.org/2022/04/how-the-metaverse-could-change-work ] 

	Over time, many companies and platforms have introduced versions of the Metaverse, such as Linden Lab, which introduced Second Life in 2003, and more modern gaming services, such as Roblox and Fortnite[footnoteRef:3]. These platforms enable users to create avatars and communicate with other people in a virtual space. In July 2021, Facebook CEO Mark Zuckerberg revealed that the company would change from a social media company to a Metaverse corporation. The company was later dubbed as Meta[footnoteRef:4] Platforms.  [3:  https://mitsloan.mit.edu/ideas-made-to-matter/what-second-life-and-roblox-can-teach-us-about-metaverse ]  [4:  https://about.fb.com/news/2021/10/facebook-company-is-now-meta/ ] 






Decentraland launches, a blockchain-based virtual world where users can buy and sell virtual land and create their own experiences.
2018
Linden Lab introduced new feature in virtual world that user can create their own avatars and build their own virtual environments for interacting to each other’s in a shared space.
Facebook acquires Oculus VR, a company that produces virtual reality hardware, signaling a growing interest in the technology from major tech companies.
Metaverse appears for the first time in Neal Stephenson's novel "Snow Crash" as a virtual reality environment where people can visit, participate and interact with anyone (Stephenson,1992).
Virtual Reality Markup Language browser is launched for virtual world to allow the users to view 3D graphics and environments in a web browser.
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Epic Games releases Fortnite, a massively popular multiplayer game that includes a virtual world where players can interact with each other and build structures.
2017
The COVID-19 pandemic has led to a surge in virtual events and socialising, leading to increased interest in the Metaverse as a potential solution to the limitations of physical gatherings.

2020
Major tech companies including Facebook (now Meta), Microsoft, and Roblox announce plans to invest in and develop Metaverse technology.
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Figure 1. History of Metaverse
	Therefore, several giants and emerging companies are deploying massive investments to capture the opportunities of this new market. Deloitte highlights several potential risks and rewards for firms' engagement with the Metaverse at different levels of investment and adoption strategies, leading to different outcomes[footnoteRef:5]. The examples of Nike[footnoteRef:6] and Gucci[footnoteRef:7] demonstrate the potential for the Metaverse to offer new levels of customer engagement and inform product and marketing strategy. The ability to create and transact digital assets that have intrinsic value for customers is a promising prospect for marketers. The Decentraland platform, for instance, allows users to buy virtual land and property, indicating the potential for developing environments where users can engage in new virtual worlds with a separate functioning economy[footnoteRef:8]. From 2020, Decentraland has generated a total sales figure of over $254 million with a sales volume of 351.15 million transactions (Koohang et al., 2023). These examples highlight the potential for businesses to capitalise on the emerging opportunities the Metaverse offers.  [5:  Metaverse: The hype, possibilities, and beyond; https://www2.deloitte.com/content/dam/Deloitte/in/Documents/technology/in-metaverse-2022-report-noexp.pdf ]  [6:  https://www.forbes.com/sites/bernardmarr/2022/06/01/the-amazing-ways-nike-is-using-the-metaverse-web3-and-nfts/?sh=3d444a9756e9 ]  [7:  https://hbr.org/2022/07/exploring-the-metaverse ]  [8: https://www.wsj.com/articles/the-metaverse-is-quickly-turning-into-the-meh-taverse1a8dc3d0?mod=Searchresults_pos1&page=1 ] 

However, despite these potential benefits and advantages of the Metaverse in the business world, there is currently much uncertainty[footnoteRef:9],[footnoteRef:10],[footnoteRef:11] and debate around the future of the Metaverse, both among practitioners and researchers, While the idea of a fully immersive virtual world where people can interact with each other and with digital objects in a seamless way is exciting, there are also many questions and concerns about how it will work in practice[footnoteRef:12]. Several key issues include privacy and security in a fully digital world, economic challenges for business models, the infrastructure needed to support the Metaverse[footnoteRef:13], and debates about the social and cultural implications of spending more time in virtual spaces. Recently, Walt Disney Co. closed its Metaverse strategy development centre, while Microsoft Corp. shut down the Metaverse platform in another instance[footnoteRef:14]. Microsoft also faced problems developing the Augmented reality hardware and their futuristic HoloLens for more efficient Metaverse service delivery[footnoteRef:15]. Meta also faces other challenges, such as increasing competition from TikTok in the digital ad business, and these shares of Meta went down[footnoteRef:16]. Another important challenge for Metaverse adoption is the high development cost. Roblox, one of the Metaverse platform provider companies, estimated that the development cost of the Metaverse platform ranges from $100,000 to $300,000[footnoteRef:17]. Further, experts/psychologists also observed the effect of Metaverse on our mental health and well-being[footnoteRef:18].  [9:  https://www.nytimes.com/2022/02/03/technology/facebook-meta-challenges.html ]  [10:  https://www.thedrum.com/opinion/2022/02/03/how-break-through-the-fog-uncertainty-and-master-the-metaverse ]  [11:  https://punchng.com/the-metaverse-of-possibilities-and-uncertainties/ ]  [12:  https://hbr.org/2022/04/how-the-metaverse-could-change-work ]  [13:  https://www.economist.com/the-world-ahead/2022/11/14/a-reality-check-for-the-metaverse-is-coming ]  [14:  https://www.wsj.com/articles/the-metaverse-is-quickly-turning-into-the-meh-taverse-1a8dc3d0 ]  [15:  https://www.wsj.com/articles/microsoft-headsets-augmented-reality-hololens-metaverse-11666793622 ]  [16:  https://www.wsj.com/articles/meta-metaverse-horizon-worlds-zuckerberg-facebook-internal-documents-11665778961  ]  [17:  https://www.wsj.com/articles/metaverse-mania-cools-for-many-but-not-for-marketers-c0721e17 ]  [18:  https://www.wsj.com/articles/the-metaverses-effects-on-mental-health-trivial-or-troubling-11641740414 ] 

In healthcare sector, patient privacy and data security are observed as the key challenges for adopting the metaverse in healthcare sector[footnoteRef:19]. For banking industry, the key challenges are control of identity & data of customers and the regulatory challenges[footnoteRef:20]. For insurance industry, the major challenges faced by the organization while adopting the metaverse are Cyberattacks, fraud, theft, Virtual and physical assets’ loss[footnoteRef:21].  [19:  https://www.techopedia.com/how-the-metaverse-can-transform-the-service-industry ]  [20:  https://uk.nttdata.com/insights/whitepapers/challenges-and-opportunities-of-the-metaverse-in-financial-services]  [21:  https://www.pwc.in/assets/pdfs/emerging-tech/metaverse/shaping-the-insurance-domain-in-the-metaverse.pdf] 

Overall, the future of the Metaverse is still very much up in the air, and it will likely take years of experimentation and development before we have a clear picture of what it will look like and how it will function (Mkedder and Das, 2024). So, there is a pressing need to identify and analyse such problems/challenges/barriers which hinder the smooth adoption of the Metaverse.
Several barriers must be identified and addressed before the widespread adoption of Metaverse can happen. There is a requirement for an in-depth understanding of these barriers, and addressing these barriers is critical to successfully adopting the Metaverse. Practitioners, industry leaders, and researchers must work synergistically to develop effective solutions and strategies to overcome these barriers while ensuring the Metaverse is safe, reliable, and beneficial to society. This research is among the first to extensively examine the barriers to the adoption of Metaverse based on theoretical frameworks and expert perspectives. The following are the five main research questions that we address in this study: 
[bookmark: _Hlk138532792]RQ 1: What are the major barriers to the adoption of Metaverse?
RQ 2: How can we examine the barriers theoretically and position within the TOE and Force Field Theory frameworks?
RQ 3: How can decision-makers rank and prioritise these barriers?
RQ 4: What is the interrelationship among the identified barriers? 
RQ 5: What are the pertinent theoretical and managerial insights on these barriers, and how can businesses eradicate them to accelerate the adoption of Metaverse?
To answer these abovementioned research questions, this study employs a six-stage methodology (as shown in Fig. 1) that combines the Fuzzy Analytic Hierarchy Process (FAHP) and Fuzzy Decision-Making Trial and Evaluation Laboratory (FDEMATEL) method to answer the research questions. It is the first study to analyse the barriers to adopting Metaverse and their causal relationships using this approach. The study has four primary contributions: first, it identifies the key barriers to Metaverse adoption; Second, it considers the Force Field Theory and TOE framework to evaluate the Metaverse adoption barriers. Third, it ranks and prioritises the barriers based on their importance through the FAHP method. Fourth, it considers all the barriers simultaneously and establishes causal relationships through the FDEMATEL method.
	The remainder of the paper is organised as follows: Section 2 presents extensive literature on the barriers to adopting Metaverse and its theoretical foundation. Section 3 briefs the proposed research framework and properly describes the employed methodology. Section 4 explains the results obtained from the proposed research methodology with detailed discussion. Section 6 presents the academic and managerial implications of this study. Finally, we conclude and highlight the future scopes for this study in Section 7.
2. Theoretical foundation and Literature Review
[bookmark: _Hlk145841303]In this section, we present the literature on Metaverse and identify relevant barriers to its adoption from literature. These identified barriers are categorised into six categories: Security and Privacy, Feasibility, Infrastructure, User Behaviour and Psychology, and Organisation Culture and Stakeholder Commitment, as explained in Table 1. Further, we analysed these barriers through theoretical lens and presented below in sub-sections.
[bookmark: _Hlk145067913]2.1. Force-Field Theory and barriers to the adoption of Metaverse
[bookmark: _Hlk145070145][bookmark: _Hlk143599017]Metaverse adoption is associated with many challenges or barriers. These barriers resist forces based on Force Field Theory (Lewin, 1946,1947,1951). These forces restrict the transformation process and offset the driving forces and Metaverse adoption capabilities. In other words, these forces hinder Metaverse's successful adoption within organisations. In this study, we consider the Force Field Theory (Lewin, 1946,1947) and TOE Theory (Baker, 2012; Oliveira & Martins, 2011; Tornatzky et al., 1990) to explain the theoretical framework for Metaverse adoption barriers. The adoption barriers are the strong forces hindering the organisational adoption of Metaverse. Force Field Theory has already been applied in many published works on change management (Sonenshein, 2010). However, this theory is overlooked in examining the adoption of Metaverse in organisations. Therefore, Force Field Theory may be the best theory to explain the lack of adoption of Metaverse in organisations (Pan et al., 2023). This study contributes towards the existing research by examining the barriers to adopting Metaverse with the help of the Force Field Theory. 
	Change management and organisational transformation are described by the Force Field Theory (Kump, 2023). Lewin’s theory of change consists of three stages: unfreezing, change, and refreezing. The availability of new technologies and innovations helps to unfreeze the organisation’s current state. These innovations force organisations towards change. These changes will happen by adopting and implementing new technology, and adopting any new technology helps to refreeze the current state of an organisation. Many researchers have used this theory for the change management domain and the classical paradigm of change management (Schein, 2010; Burnes & Cooke, 2013; Cummings et al., 2016). However, some studies have discussed that the three stages of change management proposed by Lewin are quite simple and cannot explain the complex environment of the business world (Burns, 2020; Cummings et al., 2016; Clegg et al., 2021). Despite that, this theory is considered a very good mechanism for developing change management in the academics and business world (Hendry, 1996; Levasseur, 2001; Cummings et al., 2016; Jick et al., 2017; Kouhizadeh et al., 2021). 
However, overcoming resistant forces (barriers to adopting Metaverse for this study) is essential for this change. These resistance forces may originate from several external and internal aspects at diverse individual levels and wider organisational levels (Kouhizadeh et al., 2021; Alvesson & Sveningsson, 2015; Lewin, 1946). An effective theoretical lens is provided by the Force Field Theory, which consists of whole resisting forces rather than an incomplete set of resisting forces. Further, these resisting forces (barriers to adopting Metaverse for this study) are positioned with the help of the TOE theoretical framework. The detailed discussion is presented in the next sub-section. 
[bookmark: _Hlk145068073]2.2. TOE and barriers to the adoption of Metaverse
Any new technology adoption involves various challenges/barriers/problems, and Metaverse adoption is no exception. Successful adoption and implementation of any technology will happen when various challenges/barriers are tackled efficiently. A deep understanding of these challenges/ barriers is essential for the organisations where adoption will happen. This study uses the TOE Theoretical framework (Tornatzky et al., 1990; Oliveira & Martins, 2011; Baker, 2012; Lorente-Martínez, et al., 2020; Lutfi, et al., 2023) to evaluate and	 position the barriers to Metaverse technology adoption based on the TOE framework. This framework mainly characterises the barriers to adopting new technology or innovations (Kuan & Chau, 2001; Zhu et al., 2002). Based on the TOE framework, technology adoption in any organisation is affected by three factors. These three factors are Technological (T), Organisational (O), and Environmental (E) factors (Tornatzky et al., 1990; Baker, 2012). The technological factor consists of characteristics of new technology and readiness to adopt new innovative technology.  The organisational factor includes the organisation’s structure, its resources, and communications within the organisation. The environmental factor mainly consists of markets’ characteristics and their impact on organisations, industries' characteristics, and the regulatory environment under which organisations are bound to work. 
The TOE framework can explain the factors for adopting (or barriers) technological innovations such as Metaverse. The barriers to the adoption of Metaverse can be classified into three categories based on the TOE framework: Technological (T), Organisational (O), and Environmental (E) categories. The Technological category consists of the barriers that include very basic and common challenges of Metaverse technology adoption, such as cyber security, immaturity of technology for adoption, and accessibility for consumers. The Organisational category consists of the commitment of higher management to adopt the Metaverse technology, policies for technology adoption, and the organisation's culture. The Environmental category consists of government rules and regulations, psychological factors such as users’ perception to adopt the technology or ease of use and ethical issues. The detailed classification of identified barriers to Metaverse adoption based on the TOE framework is presented in Table 1. 
2.3. Barriers to the adoption of Metaverse: Identification and Description
[bookmark: _Hlk140587387]2.3.1. Security and Privacy (SP)
[bookmark: _Hlk145320838]Security and privacy issues in Metaverse adoption are very critical. Much research has been done in the Metaverse domain, but only a few studies highlighted the security and privacy issues (Huang et al., 2023). Similar to social networking platforms, security and privacy issues cannot be neglected while adopting the Metaverse technology (Dwivedi et al., 2022). Malicious users can observe and gather personal information about Metaverse users and their behaviour, such as their interactions with others and purchases, as well as their biometrics, such as facial expressions and intonation, on a real-time basis (Jaber, 2022). This personal data could be used to identify Metaverse users and raise concerns about privacy and security issues (Queiroz et al., 2023). To ensure secure and efficient services for users, it is essential to address cybersecurity and privacy issues in the Metaverse adoption (Mourtzis et al., 2022). Cybersecurity and privacy measures must be implemented to prevent threats and vulnerabilities in Metaverse adoption (Zhang et al., 2022). It also ensures the users’ safety and reliability. The barriers under the security and privacy category are discussed in Table 2 in detail.
2.3.2. Infrastructure (I)
Metaverse adoption is based on how an organisation will address a range of infrastructure challenges, such as high internet penetration, the requirement for effective and efficient communications devices, and the availability of wearable devices. (Chengoden et al., 2023). These infrastructure challenges influence the adoption as well as development of Metaverse technology. These challenges also influence the quick and effective adoption of Metaverse technology. Infrastructure, standards, privacy, and security will largely determine the evolution of the Metaverse. Advancements in 5G, cloud computing, hardware, and the Internet of Things (IoT) are all contributing to the development of the necessary technology infrastructure to support a variety of use cases in the Metaverse (Yaqoob et al., 2023). These technologies enable faster and more reliable connectivity, greater processing power, and more efficient data storage and management, all essential for creating and sustaining immersive and interactive virtual environments. The barriers under the Infrastructure category are discussed in Table 2 in detail.
[bookmark: _Hlk131177484][bookmark: _Hlk140587544]2.3.3. Feasibility (F)
The feasibility of Metaverse technology adoption denotes the practicality and likelihood of effectively integrating Metaverse technology into different contexts such as industries, businesses, or everyday life (Wang et al., 2022a). Feasibility assessment involves the detailed analysis of the barriers to determine whether adopting the Metaverse technology aligns with an organisation's goals, resources, and capabilities (Bag et al., 2023). For the Metaverse to be sustainable, it must accommodate many users while providing seamless services, even on low-end mobile devices. Additionally, the design must be scalable to support long-term service despite the associated constraints (Park et al., 2022). Continuous development of open-source platforms that can facilitate collaboration between various developers and a leading expert group is essential to expand and utilise the Metaverse interface (Dwivedi et al., 2022). The barriers under the Feasibility category are discussed in Table 2 in detail.
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Table 1: Different categories and the respective barriers
	TOE View
	Criteria/ Sub-criteria with nomenclature
	Description
	References

	Technological (T)
	     1. Security and Privacy (SP)
i. [bookmark: _Hlk133664093]Software and hardware security (SP1)
ii. VR security challenges (SP2)
iii. Spying (SP3)
iv. Client vulnerabilities (SP4)
v. Financial fraud issue (SP5)
vi. Complex and potentially insecure architecture (SP6)

	Security and privacy issues in Metaverse adoption are very critical. Much research has been done in the Metaverse domain, but only a few studies highlighted the security and privacy issues. Similar to social networking platforms, security and privacy issues cannot be neglected while adopting the Metaverse. Nasty consumers easily collect personal information such as facial expressions and vocal modulations of users. In addition to that, they can also monitor the consumer’s behaviours, such as purchasing intention.   
	Park & Kim et.al., (2016); Koohang et.al., (2023); Queiroz et.al., (2023); Dwivedi et.al., (2022); Di Pietro, R. & Cresci (2022); Jaber, (2022); Mourtzis et al., (2022); Huang et.al., (2023);

	
	2. Infrastructure (I)
i. Decentralised environment (I1)
ii. Internet penetration (I2)
iii. High-speed communication and network   requirements (I3)
iv. Requirement for Computing technologies (I4)
v. Smart wearable device (I5)
vi. Interoperability (I6)
vii. Trialability (I7)
	Metaverse adoption is based on how an organisation will address a range of infrastructure challenges, such as high internet penetration, the requirement for effective and efficient communications devices, and the availability of wearable devices. These infrastructure challenges influence the adoption as well as development of Metaverse technology. These challenges also influence the quick and effective adoption of Metaverse technology.
	Mourtzis et.al., (2022); Xu et.al., (2023); Tang et.al., (2022); Akour et al. (2022); Chengoden et al., (2023); Yaqoob et al., (2023)

	Organisational (O)
	3. Feasibility (F)
i. Environment (F1)
ii. Interface (F2)
iii. Functionality (F3)
iv. Customisation (F4)
v. Interactivity (F5)
	The feasibility of Metaverse technology adoption denotes the practicality and likelihood of effectively integrating Metaverse technology into different contexts such as industries, businesses, or everyday life. Feasibility assessments involve the detailed analysis of these organisational criteria to determine whether adopting the Metaverse technology aligns with an organisation's goals, resources, and capabilities.

	Dwivedi et al. (2022); Park and Kim (2022); Kwon et al. (2022); Wang et al., (2022a); Bag et al., (2023); Park et al., (2022)

	
	4. Organisation culture and stakeholder commitment (OS)
i. Transparency (OS1)
ii. Trust (OS2)
iii. Collaboration (OS3)
iv. Top management support (OS4)
v. Integrating AR and VR into workflows (OS5)
	The role of organisational culture and stakeholder commitment is significant when it comes to the adoption of emerging technologies such as the Metaverse. These criteria can greatly influence the success and effectiveness of Metaverse adoption within an organisation. Both organisational culture and stakeholder commitment create an environment where Metaverse adoption can thrive. Organisations that foster innovation, encourage collaboration and demonstrate dedication to Metaverse technology can more effectively harness the potential benefits of the Metaverse and position themselves as leaders in their industries.
	Queiroz et.al (2023); Lawton (2022); Babu et al., (2022); Bian et al. (2022); Bag et al., (2023)


	Environmental (E)
	5. User behaviour and psychology (CP)
i. Harassment of users (CP1)
ii. Immersion (CP2)
iii. Perceived Anxiety (CP3)
iv. Excessive engagement in the virtual world (CP4)
v. Ease of Use (CP5)
vi. Limited participation (CP6)
vii. Individual Innovativeness (CP7)
	User behaviour and psychology play a significant role in adopting new technologies such as the Metaverse. Understanding how users perceive, engage with, and respond to the Metaverse is essential for its successful adoption. Understanding these psychological and behavioural criteria can help developers and organisations design Metaverse experiences that resonate with users, address their concerns, and create a compelling case for adoption. Additionally, marketing strategies that tap into consumer motivations, emotions, and preferences can influence their decision to engage with the Metaverse.
	Alfaisal et.al., (2022); Koohanga et.al., (2023); Shen et.al., (2021); Dutta et al., (2023); Akour et al. (2022); Al-Adwan et al., (2023)

	
	6. Governance and standardisation (GS)
i. Robust security and threat monitoring. (GS1)
ii. Legal and regulatory challenges (GS2)
iii. Enforcement of Decentraland and XRSI Framework (GS3)
iv. Ethics and Standards (GS4)
v. Intellectual property/Ownership rights (GS5)
	Governance and standardisation play a crucial role in adopting the Metaverse by providing a framework for consistency and trust. As the Metaverse involves complex virtual environments, interactions, and economic systems, establishing effective governance and standards is essential for sustainable growth and widespread adoption. Governance and standardisation provide the structure and guidelines to ensure a coherent, secure, and user-friendly Metaverse environment.
	Queiroz et.al., (2023); Goldberg et.al., (2022); Asadi et.al (2022); Benjamins et. al., (2023); Bag et al., (2023); Ning et al., (2023); Vig (2022)




[bookmark: _Hlk140588032]2.3.4. Organisation culture and stakeholder commitment (OS)
The role of organisational culture and stakeholder commitment is significant when adopting emerging technologies such as the Metaverse (Queiroz et al., 2023; Lawton, 2022; Babu et al., 2022; Bian et al., 2022). This factor can greatly influence the success and effectiveness of Metaverse adoption within an organisation. Both organisational culture and stakeholder commitment create an environment where Metaverse adoption can thrive (Queiroz et al., 2023; Lawton, 2022). Organisations that foster innovation encourage collaboration and demonstrate dedication to Metaverse technology can more effectively harness the potential benefits of the Metaverse and position themselves as leaders in their industries (Bag et al., 2023). The culture heavily influences digital transformation, such as Metaverse adoption within an organisation (Queiroz et al., 2023). For a smooth transformation, organisational factors such as adopting a data-driven culture, top management support, and collaboration among employees and departments can present notable obstacles to the creation and execution of the Metaverse. The barriers under the Organisation culture and stakeholder commitment category are discussed in Table 2 in detail.
[bookmark: _Hlk140587848]2.3.5. User behaviour and psychology (CP)
Users psychology and behaviour are important drivers of the uptake of new emerging technologies such as the Metaverse (Dwivedi et al., 2023).  The adoption and perceived usage of emerging technologies often depend on how customers perceive, interact with, and respond to these technologies. Understanding these psychological and behavioural criteria can help developers and organisations design Metaverse experiences that resonate with consumers, address their concerns, and create a compelling case for adoption (Dutta et al., 2023). Moreover, it is important to emphasise the importance of marketing tactics that draw on customer preferences, motives, and emotions. Akour et al. (2022) emphasise that the degree of user happiness emerges as a critical predictor in the success and acceptance of Metaverse technology. Similarly, as stated in Koohang et al. (2023), achieving and sustaining a high level of user satisfaction through well-designed technology, immersive experiences, and a dedication to continuous innovation serves as a foundational element for fostering the growth and wide adoption of Metaverse technology. The barriers under the User behaviour and psychology category are discussed in Table 2 in detail.
[bookmark: _Hlk140587993]2.3.6. Governance and standardisation (GS)
The adoption of the Metaverse is mostly driven by governance and standardisation, which create a structured framework that encourages consistency and creates confidence among users and stakeholders (Bag et al., 2023). As the Metaverse involves complex virtual environments, interactions, and economic systems, establishing effective governance and standards is essential for sustainable growth and widespread adoption. Governance and standardisation provide the structure and guidelines to ensure a coherent, secure, and user-friendly Metaverse environment. Governing the Metaverse is crucial to ensure the proper functioning of the Metaverse community and provide sufficient regulatory protection for its members. (Ning et al., 2023) This is where the issue lies. The degree to which regulations or self-regulations should govern the Metaverse is debated (Queiroz et al., 2023). The Metaverse technologies are still being developed, meaning reassessment with innovations would be necessary. One of the most significant barriers to the development of the Metaverse is the absence of a clear governance framework[footnoteRef:22]. This implies that the governance framework of the Metaverse is still uncertain, and there are no established rules or regulations in place to guide its development and operation. The barriers under the Governance and standardisation category are discussed in Table 2 in detail. [22: The metaverse is a new word for an old idea, (2022), https://www.technologyreview.com/2022/02/08/1044732/metaverse-history-snow-crash/ ] 


	Table 2: Explanation and definition of each subcategory and associated barriers

	Category 1: Security and privacy (SP)

	1
	Software and hardware security (SP1)
	The Metaverse is vulnerable to various security threats, such as insecure system architecture, unpatched software, malware, and ransomware. These vulnerabilities could enable users to circumvent the necessary authentication and authorisation procedures without using a username and password. Therefore, ensuring the security of the Metaverse platform is of utmost importance. 

	
	Virtual Reality security challenges (SP2)
	Virtual Reality (VR) offers immersive and fully digital experiences to users. In Metaverse, VR allows users to enter and interact with the virtual world. This could be social gatherings, gaming, education, and workspaces within a 3D virtual environment. The VR use in Metaverse raises several challenges and concerns regarding security and privacy. 

	
	Spying (SP3)
	A compromised customer support or admin account in a VR environment can have serious consequences, potentially harming many users. This is because the entry point to the VR Metaverse is usually through a headset, and if the headset endpoint is compromised, it could result in a complete takeover of the user's avatar.

	
	Device vulnerabilities (SP4)
	Device vulnerabilities refer to security and privacy breaches due to the devices such as Virtual Reality (VR) and Augmented Reality (AR) headsets used by users to connect with the virtual world. These headsets work only when users provide personal information, which hackers can easily retrieve and steal.  

	
	Financial fraud (SP5)
	In the current scenario, financial fraud has become more pertinent in innovative Metaverse platforms due to the popularity and value of cryptocurrencies and blockchain. Users use the cryptocurrency to purchase the virtual property in the Metaverse platform. These transitions lead to financial crimes such as fraud and phishing scams, code exploits, money laundering, and wash trading.  

	
	Complex and potentially insecure architecture (SP6)
	The architecture of a Metaverse can be complex and potentially insecure due to several factors., Metaverses are typically decentralised, meaning no central authority controls the network. 

	Category 2: Infrastructure (I)

	
2
	Decentralised environment (I1)
	In a Metaverse environment, users can exchange ownership of digital assets and conduct real-world transactions within a virtual environment. A decentralised environment faces serious challenges and expects to develop a rapidly expanding decentralised space with multiple worlds connected into a unified digital environment.

	
	Internet Penetration (I2)
	There is a digital divide between people with access to the internet and those without, which can lead to unequal access to the benefits of the Metaverse. This can exacerbate existing social and economic inequalities. Internet penetration challenges can impact the growth and development of the Metaverse, particularly in regions where internet access is limited.

	
	High-speed communication and network requirements (I3)
	High-speed communication and network requirements are critical for the Metaverse to function effectively, and several challenges related to network penetration can impact the Metaverse, such as bandwidth limitations, geographic limitations, and network congestion. 

	
	Requirement for Computing technologies (I4)
	The Metaverse platform requires combining different technologies such as artificial intelligence, virtual reality, digital twins, non-fungible tokens, cloud computing, 3D modelling and simulation. These technologies require high computing power and processing speed for efficient functioning and working of Metaverse platforms.  

	
	Smart wearable device (I5)
	Smart wearable devices such as virtual goggles, sensor suits, and haptic gloves have technology designed for users’ bodies to monitor the users’ related data in real-time. The role of smart wearable devices in Metaverse adoption is very important and crucial. These devices provide a real and immersive experience to the users in virtual mode.  

	
	Interoperability (I6)
	Interoperability of Metaverse refers to the ability of the different technologies, platforms, and services to interact and work in conjunction with each other. This indicates that users of one platform may interact and connect with users of other platforms, and they can also exchange and share content and soft data. 

	
	Trialability (I7)
	Trialability is related to the ease of working with innovative technologies such as Metaverse. It also includes the efforts required and risks involved in adopting the new technology such as Metaverse.  If trialability is lower, then adoption of Metaverse will be slow.

	Category 3: Feasibility (F)

	3
	Environment (F1)
	A fused environment is a type of Metaverse environment that combines both realistic and unrealistic elements. It is based on a realistic environment and includes imaginative or surreal elements that may not exist in the real world. 

	
	Interface (F2)
	In the Metaverse, "interface" refers to a user's approach to interacting with and navigating a virtual space. It includes various components and tools that allow users to interact with the Metaverse and perform there.

	
	Functionality (F3)
	The ability and features that let users communicate, create, work, socialise, and engage in other activities within the virtual world are referred to as functionality in the Metaverse. The Metaverse seeks to offer a wide range of capabilities that mimic and build upon real-world experiences while also delivering distinctive virtual chances.

	
	Customisation (F4)
	Customisation is a key feature of the Metaverse, presenting several challenges for developers and users. The level of customisation offered in the Metaverse is limited by the technology available. 

	
	Interactivity (F5)
	The extent and variety of interactions that users can engage in with the environment and objects within the Metaverse would enhance the perceived level of interactivity of their experience. The interactivity feature of the Metaverse creates a dynamic environment that enables innovative educational scenarios for autonomous and collective learning. 

	Category 4: Organisation culture and stakeholder commitment (OS)

	4
	Transparency (OS1)
	Initially, all social networking platforms were started for social benefit. However, a lack of transparency about how those platforms are operated and managed by organisations leads to the shifting of their original motives. This is why Metaverse organisations should consider the potential harm first rather than expanding their business. These transparency measures will help them to engage more users. 

	
	Trust (OS2)
	Building a good culture of digital trust among the users is required as the Metaverse is rapidly growing and keeps changing as per the requirements. Most Metaverse monetary transitions are done through non-fungible tokens (NFTs) and cryptocurrencies. So, trust is the only major currency to expand the business further. Users always want to enquire about using a secure platform where their privacy is valued and their transitional data is secured.

	
	Collaboration (OS3)
	Metaverse platform uses virtual reality for the collaboration between users and the platform. However, there are many technical limitations, such as the visual quality of Avatars and VR sickness. For these reasons, collaboration in the Metaverse platform becomes inefficient and less user-friendly, leading to the adoption of Metaverse more difficult.

	
	Top management support (OS4)
	Top management support is crucial for the Metaverse to be successfully developed and adopted. It provides the necessary resources, strategic direction, decision-making, risk management, and communication to develop and use the Metaverse responsibly and sustainably.

	
	Integrating AR and VR into workflows (OS5)
	Integrating AR and VR into workflows in the Metaverse can provide significant benefits, including increased productivity, improved collaboration, reduced costs, and improved quality. To achieve these benefits, organisations must invest in the necessary hardware, software, and training to enable their employees to work effectively with these technologies.

	Category 5: User behaviour and psychology (CP)

	5
	Harassment of users (CP1)
	Users are harassed in Metaverse through verbal abuse, groping, bullying, hate speech, and sexual. These misbehaviours affect the mental condition of users. These misbehaviours are difficult to track in a virtual platform because all the incidents happen in real time, and there is no mechanism for recording.

	
	Immersion (CP2)
	Immersion is the state of deep mental engagement in which users can feel the disconnection from the real world due to the shift in their attentional state. Immersive activities can simultaneously interact, engage, entertain, and fascinate the Metaverse users.

	
	Perceived Anxiety (CP3)
	In the Metaverse platform, users spend significant time playing immersive games and interacting virtually with other persons as avatars. These interactions lead to insecurity and anxiety. One of the reasons for anxiety may be rejection or social judgment.

	
	Too much engagement in the virtual world (CP4)
	In Metaverse platforms, users spend too much time engaging excessively. This leads to addiction to Metaverse, which refers to users’ inability to keep themselves away from using the Metaverse despite the harmful effects in their lives.   

	
	Ease of Use (CP5)
	The Metaverse platform should be built and designed so that users can easily use, interact and navigate the functionalities. There should not be any doubt or confusion among the users while using the Metaverse interface.  

	
	Limited use cases (CP6)
	Several organisations cannot fully understand the potential of Metaverse and its applications in their domain or expertise.  The concept of Metaverse is still nascent, and there is a dearth of practical and application examples. This leads to difficulty for organisations to understand the potential of Metaverse.

	
	Individual Innovativeness (CP7)
	Individual innovativeness refers to the desire of the Metaverse users to try out this innovative technology. Metaverse users with low innovativeness have a lower tolerance for uncertainty and risk associated with this technology.

	Category 6: Governance and standardisation (GS)

	6
	Security and threat monitoring (GS1)
	Security and threat monitoring systems and procedures are critical for adopting Metaverse. This leads to a more secure and reliable Metaverse platform for the users. Organisations must implement strong security and threat monitoring systems to identify suspicious activity.

	
	Legal and regulatory challenges (GS2)
	This refers to complicated legal and governmental barriers that develop in the context of virtual, interconnected, and immersive digital places. As the Metaverse evolves, it becomes important to address this challenge. To address these legal and regulatory challenges, developers need to work closely with legal experts, policymakers, and community stakeholders to establish clear guidelines and policies for the safe and ethical use of the Metaverse. 

	
	Enforcement of Decentraland and XRSI Framework (GS3)
	The Extended Reality Safety Initiative (XRSI) Privacy framework is a freely accessible, globally relevant set of guidelines created by the XRSI that provides a layered structure for outlining the key areas of focus necessary for ensuring privacy within a system. 

	
	Ethical Standards (GS4)
	Ethical standards in Metaverse refer to well-established standards of right or wrong that propose what users should do regarding rights, obligations, equality or any particular features. As Metaverse is growing rapidly, developing these ethical codes and standards is essential to maintain and develop a safe interface environment.

	
	Intellectual property/Ownership rights (GS5)
	As more organisations adopt the Metaverse for expanding their businesses in the future, it leads to more legal challenges of intellectual property (IP) rights, such as who keeps the IP rights of digital content created, trademark, copyright or patent ownership. Metaverse providers will face more risk without clear and defined intellectual property rights.




3. Research methodology
This study proposes a fuzzy-based hybrid decision-making framework to identify the key barriers to adopting Metaverse and further analyse the identified barriers. The entire analysis is done in four steps (See Figure 2). In the first step, barriers to the adoption of Metaverse are identified with the help of an extensive literature review. In the second step, identified barriers are classified into different categories with the help of an expert’s opinion. Further, identified barriers are analysed through the lens of the Force Field Theory and TOE Theory to explain the theoretical framework of barriers to adopting Metaverse. In the third step, the weights of identified barriers are calculated, and further, barriers are ranked based on their weights. In the fourth step, causal relationships among the barriers are analysed with the help of the FDEMATEL method. The methodology employed in the hybrid decision-making framework, FAHP and FDEMATEL, are described in detail in the following sub-sections. 
3.1 Selection of multi-criteria decision-making (MCDM) techniques
MCDM techniques are tools for decision-makers (DMs) to solve complex and complicated problems where DMs may have different levels of knowledge, skills, characteristics, attributes, and experience (Mulliner et al., 2016; Erol et. al., 2022). The MCDM technique needs to identify the criteria/factors (as per the problem) from the previous literature that need analysis to get a solution/s. Once the factors are identified, many MCDM techniques such as ANP, DEMATEL, AHP, and ISM may be applied to prioritise the factors based on their importance and to develop interrelations among the factors (Liang et al., 2022; Thomas & Khanduja, 2022; Song et. al., 2020).
	The Analytical Hierarchy Process (AHP) is a relatively more objective and comprehensive MCDM method that provides a relative ranking of the factor through pairwise comparison considering qualitative and quantitative attributes/criteria (Lizarralde et al., 2022). Moreover, the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method (Kouhizadeh et al., 2021; Asadi et al., 2022; Tsai and Tang, 2023) is applied to identify the mutual relationships among factors and the level of strength of their interdependencies. However, DEMATEL cannot determine the weights of individual factors, unlike the AHP method. The AHP method offers benefits in computing the factors’/criteria rank and their importance based on the calculated weights of factors. In some circumstances, some of the factors may not have interdependencies on each other in a similar way. Therefore, influences (or interdependencies) among factors are obtained via the DEMATEL method.















Stage 5: FDEMATEL
[bookmark: _Hlk79763881][bookmark: _Hlk79763882]Analysis of collected data by calculating the weights of each barriers using FAHP technique
Preparation of questionnaire for
 (1) FAHP method
(2) FDEMATEL method

Stage 1: Literature review on barriers and challenges of Metaverse
Identification of potential barriers of Metaverse adoption from the literature 
Categorize them on the basis of their similarity with the help of decision-makers
Stage 4: FAHP
Collection of responses from DMs using questionnaires
Stage 3: Data collection 

Prioritization of each barrier based on calculated weights
Analysis of collected data by examining the causal effect relationships among barriers using FDEMATEL questionnaire
 using FAHP technique

Stage 6: Discussion and conclusions
Development of causal relationship based on their degree of prominence and relationship
Reporting of results,
Managerial implications and Future scope
Stage 2: Evaluation of barriers through Theoretical lenses

1. Force-Field Theory 
2. TOE Framework

























	Figure 2. Applied research framework for the analysis of barriers to the adoption of Metaverse

Many previous studies have applied these two integrated techniques to their problem (Wu & Tsai, 2012; Chou et al., 2012; Pandey & Kumar, 2017). However, in some instances, it was found that vagueness and ambiguity exist in DM's judgment due to the absence of past data and the subjectivity associated with humans’ judgment (Chai et al., 2023). To overcome this issue, Fuzzy set theory (Zadeh, 1965) can be employed to capture the vagueness in the DMs’ judgment. For these reasons, researchers and practitioners are paying more attention to fuzzy-integrated MCDM techniques (Sotoudeh, 2022). Therefore, this study incorporated fuzzy set theory with AHP and DEMATEL techniques to analyse the barriers to adopting Metaverse under a fuzzy environment. 
3.2 Fuzzy set theory
[bookmark: _Hlk144983125]Fuzzy set theory allows more realistic modelling of real-world problems for highly uncertain and subjective situations (Qahtan et al., 2023; Farjam et al., 2023). The traditional crisp set theory assigns objects to a class with a binary membership status. However, fuzzy set theory allows for gradations of membership using a membership function. This approach acknowledges the fuzziness of human decision-making and can lead to more accurate and rational decision-making. By incorporating fuzzy theory into decision models, DMs can better handle linguistic variables under ambiguity. Integrating fuzzy set theory with AHP and DEMATEL methods allows a more precise description and explanation of the decision-making process.
3.3. Fuzzy Analytic Hierarchy Process (FAHP)
The Analytic Hierarchy Process (AHP) is an MCDM technique used to address complex decision-making problems by breaking them down into a hierarchy of sub-problems (Saaty, 1988). This technique involves pairwise comparisons to develop a comparison matrix (Chin et al., 2002; Chen et al., 2006). The AHP method considers the relative importance of factors/criteria to determine the weights of each criterion/factor and sub-criterion/factor. However, when experts’ opinions involve vagueness and uncertainty, the traditional AHP method may not capture exact experts’ opinions. In order to overcome this vagueness/subjectivity, fuzzy set theory has been incorporated with the traditional AHP technique. FAHP method is applied to capture the experts’ subjectivity and ambiguity, which provides greater flexibility when comparing different factors (Wang et. al., 2021; Kamoonpuri and Sengar; 2023; Singer and Özşahin, 2024). The detailed steps of the FAHP method are described below.
Step 1: Construct a pairwise comparison matrix
The experts are requested to compare each criterion with each other based on their importance with the help of a linguistic scale, as shown in Table 2. 
Table 2: Used linguistic variable for FAHP questionnaire
	S.No.
	Linguistic variable
	Triangular fuzzy number

	1
	Equally important
	(1,1,1)

	2
	Intermediate
	(1,2,3)

	3
	Moderately important
	(2,3,4)

	4
	Intermediate
	(3,4,5)

	5
	Important
	(4,5,6)

	6
	Intermediate
	(5,6,7)

	7
	Very important
	(6,7,8)

	8
	Intermediate
	(7,8,9)

	9
	Extremely important
	(9,9,9)


A fuzzy comparison matrix (Ã) is generated from a pairwise decision matrix by converting the pairwise comparisons into fuzzy values for each criterion.


Step 2: Convert the pairwise comparison matrix to a fuzzy comparison matrix
The Geometric Mean Method is used for the modification of the fuzzy geometric mean for each criterion with the help of the following:




Where,  is Fuzzy comparison value for each criterion
         is the weight of the criteria in a fuzzy environment
              is number of factors or criteria
               is the number of experts 
Step 3: Convert fuzzy weights into crisp value
 The centre-of-area method converts Fuzzy weights into a crisp value (Chou & Chang, 2008). The formula for converting fuzzy weights into a crisp value is given as 
where = Defuzzified value
Step 4: Normalization
In this step, the final weight for each criterion is calculated by the normalisation process with the help of the given formula: 

3.4. Fuzzy- Decision-Making Trial and Evaluation Laboratory (FDEMATEL)
This method is an extended approach for constructing and analysing a structural model to examine the interrelationship among complex criteria. The basic concept of the FDEMATEL method is Digraphs, which classify the factors/criteria of an MCDM problem into cause-and-effect groups. Digraphs are more effective than directionless graphs since they represent the directed relationships among sub-systems. The values in the digraphs represent the strength of influence of a criterion over others, which portray the basic concept of contextual relations among a system's elements (or criteria/barriers). The FDEMATEL method can easily convert the cause-and-effect relationship of factors into a comprehensible structural model. This approach can identify the most critical criteria that influence other criteria. The following are the main computational steps to determine the interrelationship among criteria:
Step 1: Data collection 
In step one, each expert was asked to assess the influence of barrier  over barrier  with the help of scale as shown in Table 3. 
Table 3. The fuzzy linguistic scale 
	Linguistic terms
	Influence score
	Assigned TFN

	No influence (No) 
	0
	(0, 0, 0.25)

	Very low influence (VL)
	1
	(0, 0.25, 0.5)

	Low influence (L)
	2
	(0.25, 0.5, 0.75

	High influence (H)
	3
	(0.5, 0.75, 1)

	Very high influence (VH)
	4
	(0.75, 1, 1)


Step 2: Fuzzy initial direct relation matrix (A)
In this step, vagueness in the experts’ responses is captured with the help of TFNs (Trivedi et al., 2017). TFN is a type of fuzzy set that is defined by three parameters: (i) the smallest possible value (e), (ii) the most promising value (f) and (iii) the largest possible value (g). 
	Suppose  , (where ) is the fuzzy evaluation where kth expert rate the influence degree of barrier over barrier . If ‘K’ is the number of experts who estimated the influence degree among the identified barriers, then inputs given by the experts result in an  matrix, i.e,  

Then, we defuzzied the fuzzy number into a crisp number using the below formula for matrix operations. 
                                                                                       
Step 3: Construct the normalised initial direct relation matrix (D)


Step 4: Construct the Total-relations matrix
The total-relation matrix (M) is computed using the given below formula:

Where, denotes the Identity matrix,  T denotes the Total-relations matrix.
T=
Step 5: Compute the sum of rows (R) and the sum of columns (C)
The final step involves calculating the sum of rows and columns of the total-relation matrix (T). This provides insight into the total effect and influence of each criterion on the others and identifies the key criteria with the most impact on the decision-making process. The sum of rows and columns is presented in mathematical form below.
[bookmark: _Hlk131705082]R=
C=
Where R depicts the overall influence of barrier over barrier . C represents the overall effect experienced by barrier from barrier .
Step 6: Compute dispatcher and receiver groups
Degree of influence and the degree of relationship of criteria/barrier is defined with the help of (R+C) and (R-C) scores where C denotes column summation, and R denotes row summation in matrix T. The barriers with a positive score of (R-C) influence other barriers more. These barriers should be given higher priority and are named Dispatchers. Those barriers with a negative score of (R-C) tend to be influenced by other barriers. These barriers are named as Receivers. However, the score of (R+C) represents the relationship degree among the barriers. The barriers with a higher score of (R+C) have a stronger relationship, and those with a lower score of (R+C) have a weaker relationship with other barriers.
3.5. Data collection 
Questionnaires were prepared to gather experts' opinions on Metaverse technology adoption and its applications. Initially, twenty-five experts were contacted through mail and phone calls. Experts were chosen to gain a deeper knowledge of the current and potential barriers based on their experience in blockchain, artificial intelligence, augmented reality, and virtual reality. This study considered the barriers that the manufacturing and service sectors are facing. Due to hectic and busy schedules, only fifteen experts responded. The sample size was within the recommended limit of MCDM techniques. Experts also have enough experience to understand and analyse the barriers to adopting Metaverse in the industry. Experts’ demographic details are included in Appendix A1. The objective and purpose of this study were explained briefly to the experts before collecting the experts' responses with the help of questionnaires. They were requested to provide their responses using fuzzy linguistic scales, as shown in Table 2 and Table 3.


4. Applications of proposed methods and Results
4.1. FAHP Technique
This section presents the application and results of the FAHP technique. After collecting responses from the experts using the FAHP questionnaire, we applied the FAHP technique for subsequent analysis as described in Section 3.3. The FAHP technique has ranked the categories and the respective associated barriers. Among the six categories, Security and Privacy (SP) have the highest weight with 0.39, followed by Governance and Standardisation (GS), Infrastructure (I), User behaviour and Psychology (CP), Feasibility (F), and Organisational culture and Stakeholder commitment (OS) as shown in Figure 3(a). Security and privacy issues in Metaverse adoption have been widely cited in the literature (Koohang et al., 2023). For instance, Sebastian (2022) suggests properly implementing strong encryption techniques that will help protect user data and prevent unauthorised access. Similarly, Wang et al. (2022b) discussed properly incorporating privacy-enhancing technologies such as zero-knowledge proofs and differential privacy to protect the Metaverse users’ data. For each category, barriers are ranked as shown in Fig 3(b, c, d, e, f, g).



Figure 3(a). Weights of each category


3(b). Weights of Security and Privacy category barriers


3(c) Weights of Feasibility category barriers

3 (d). Weights of Infrastructure category barriers


3 (e) Weights of User behaviour and psychology category barriers


3 (f) Weights of Governance and standardisation category barriers


3 (g) Weights of Organisation culture and stakeholder commitment category barriers

4.2. Application of FDEMATEL technique and results
This section presents the application and results of the FDEMATEL technique. After the collection of responses from the experts, we applied the FDEMATEL technique for subsequent analysis, as discussed in Section 3.4. First, the direct-relationship matrix is developed, which helped determine the causality and prominence of the barriers, as shown in Appendix A2. Second, we obtained the threshold value () and compared each element of matrix “T” with  Third, the sum (R+C) and difference (R-C) are calculated, which refers to the degree of prominence and the degree of relationship, respectively (as shown in Table 4). Fourth, we ranked the barriers based on their degree of relationship and prominence. Finally, we develop the causal relationship diagram, as shown in Figure 4. Those causal barriers with a higher value of (R+C) indicate the high value of prominence and thus establish a stronger relationship and association with other barriers, as shown in Table 4. The order of causal barriers are as follows: Security and privacy (SP) > Governance and standardisation (GS) > Organisation culture and stakeholder commitment (OS) > User behaviour and psychology (CP) > Feasibility (F) >Infrastructure (I). To ensure the smooth adoption of Metaverse, business and information technology managers must identify, examine, and mitigate these causal barriers that significantly influence other barriers.

Table 4.  Degree of prominence and relationships for barriers to the adoption of Metaverse
	S.No
	Criteria
	R
	C
	R+C
	R-C
	Rank (R+C)
	Rank (R-C)
	Cause and effect

	1
	Security and privacy (SP)
	2.52
	1.11
	3.63
	1.41
	1
	1
	Cause

	[bookmark: _Hlk133774793]2
	Feasibility (F)
	0.9
	0.97
	1.87
	-0.07
	5
	4
	Effect

	3
	Infrastructure (I)
	1.45
	0.34
	1.79
	1.11
	6
	3
	Cause

	4
	[bookmark: _Hlk133774765]User behaviour and psychology (CP)
	1.09
	2.13
	3.22
	-1.04
	4
	5
	Effect

	5
	[bookmark: _Hlk133774721]Governance and standardisation (GS)
	2.36
	1.08
	3.44
	1.28
	2
	2
	Cause

	6
	Organisation culture and stakeholder commitment (OS)
	1.09
	2.23
	3.32
	-1.14
	3
	6
	Effect



[image: ]
Figure 4. The diagraph represents a causal relationship among the barriers to the adoption of Metaverse

5. Discussion 
Based on the research questions discussed in the Introduction section, this study addressed all of them with the help of our proposed research framework. First, this study identified the barriers to Metaverse adoption from the extensive literature review. Second, identified barriers were analysed through the lens of theoretical frameworks. Third, barriers were prioritised using experts’ opinions through the FAHP method. Fourth, causal relationships were identified with the help of experts’ opinions through the FDEMATEL technique. The detailed discussion of findings and results are presented below in subsections. 
5.1. Discussion based on results from FAHP technique
[bookmark: _Hlk145845992]Security and Privacy (SP) category has the highest weight among the six categories of barriers, followed by Governance and Standardisation (GS), Infrastructure (I), User behaviour and Psychology (CP), Feasibility (F), and Organisational culture and Stakeholder commitment (OS), as presented in Figure 3 (a). When writing this research paper, Metaverse is at the early stage of adoption. However, companies and users are sceptical of adoption because of cyber-attacks such as hacking, phishing, and malware (Qamar et al., 2023). Therefore, cybersecurity should be proper and efficient to protect against these threats in the virtual space. In this virtual space, users create avatars and interact with each other often in real time (Hollensen et al., 2022). This creates the need for robust identity and data protection measures to ensure that users' personal and important information is not compromised (Wang et al., 2022b). Under the Security and Privacy (SP) category, the VR security challenge (SP2) is the most critical barrier, as shown in Figure 3(b). The Metaverse is a fully immersive and connected virtual environment. Therefore, it expects users to have a virtual identity that can be vulnerable to hacking and theft. Moreover, strong authentication techniques are also required to ensure the security of user credentials. Similar to VR, the Metaverse can make users lose their sense of reality, which can lead to a risk to their physical safety.
	As Metaverse is a nascent and emerging technology, there is a lack of governance and regulation to ensure users’ safety and protection against abuse. Under the Governance and Standardisation (GS) category, the legal and regulatory challenge (GS2) is the most critical barrier. This technology allows users to create and share virtual content that will include copyrighted or trademarked material. Intellectual property rights can be difficult to enforce in the Metaverse platform, leading to legal challenges.
	Under the Infrastructure (I) category, High-speed communication and network requirements (I3) are the most critical barriers. The Metaverse is a highly immersive and interactive virtual environment that requires a high-speed and low-latency network connection. Without a robust network infrastructure, users may experience lag, buffering, or disconnections, significantly impacting their experience and immersion.
	Under the User behaviour and psychology (CP) category, excessive engagement in the virtual world (CP4) is the most critical barrier because of user concern for health and wellbeing. Overusing the virtual world can result in addiction, eye strain, migraines, obesity, social isolation, and other physical and mental health problems. This also leads to losing social and cultural associations as users may prioritise virtual relationships over real-world ones. This concern can make consumers sceptical about adopting Metaverse or limiting their participation. To prevent harmful behaviours and foster moral values, policymakers and developers must promote healthy engagement by designing virtual experiences that prioritise users’ safety and well-being and by implementing time limits or other features that encourage users to take breaks. Users must lastly assume responsibility for their participation in the virtual world by establishing personal limits and prioritising their obligations and connections in the actual world.
	Under the Feasibility (F) category, the customisation (F4) barrier is most critical. Customisation options in the Metaverse can be complex and require technical skills such as coding or 3D modelling. This would create a barrier for users who do not have these skills and the time or resources to learn them (Hwang et al., 2022). This customisation feature in the Metaverse can come with a cost. This can cause hindrance in the adoption of the Metaverse for users who cannot afford to pay for customisation features (Koohang et al., 2023). Moreover, if it is not properly implemented, customisation features in the Metaverse might cause security problems. For instance, malicious software or exploits for the virtual environment may be present in bespoke code or virtual assets. 
	Under the organisation culture and stakeholder commitment (OS) category, Transparency (OS1) is the most significant barrier. This emerging technology requires collecting and storing large amounts of data about the users’ behaviour and preferences (Dwivedi et al., 2022). This process raises concerns about data transparency and the privacy of users’ data to be used without their knowledge or consent (Zallio et al., 2022). 
5.2. Discussion based on the results from applying FDEMATEL 
[bookmark: _Hlk145666228]The results from the FDEMATEL technique represent the analysis of inter-dependent relationships and recognise the influential effects of those significant barriers in the form of a causal relationship diagram. Those causal barriers with a higher value of (R+C) indicate the high value of prominence and thus establish a stronger relationship Technology–organization–environment framework (TOE) and association with other barriers, as shown in Table 4. The order of causal barriers are as follows: Security and privacy (SP)>Governance and standardisation (GS)> Organisation culture and stakeholder commitment (OS)> User behaviour and psychology (CP)> Feasibility (F)>Infrastructure (I). To ensure a seamless adoption of Metaverse, business and information technology managers must identify, examine, and eliminate these causal barriers from the system, which significantly affects the other barriers. 
6. Implications
[bookmark: _Hlk133523132]6.1. Theoretical Implications
An extensive review of the literature on Metaverse reveals that this technology is at an early stage of adoption. At the same time, the concept of the Metaverse has been discussed for decades. However, recent technological advancements such as virtual reality, IoT and blockchain have made it more feasible. However, their adoption is still relatively slow, and several barriers must be addressed. At the time of writing this research paper, no such research article (as per our knowledge) is available that examines the barriers regarding their criticality and causal relationship. However, paying attention to all barriers simultaneously is impossible because this requires huge capital investment and time. Therefore, it is important to identify the most critical barriers first and make strategies for mitigation on a priority basis.
 	Overall, research on Metaverse adoption barriers requires knowledge and expertise in interdisciplinary domains involving experts from various fields, including computer science, psychology, economics, law, and sociology. So, it requires a comprehensive approach to understand the challenges of the Metaverse adoption. Researchers can help to address the barriers to adoption and promote the development of a more accessible and inclusive virtual world.
6.2. Managerial Implications
Understanding the ranking and causal relationships among the barriers to Metaverse adoption is important for organisations to develop effective and efficient strategies to mitigate the challenges posed by the barriers. The ranking and causal relationship can help identify the underlying barriers that lead to these barriers and prioritise the most critical ones to address them first. From this study, managers would be able to pay attention to the root causes of barriers to adopting Metaverse rather than just treating the symptoms by identifying the underlying causes of the barriers. Moreover, this would avoid the situation where a company solves one barrier only to face another soon. Therefore, companies can put their efforts and resources on those barriers that have the most significant impact on the Metaverse adoption. This study will help the companies identify the stakeholders with the most significant impact on the barriers. From this, companies can collaborate with these stakeholders to address the underlying causes of the barriers and find solutions that work for everyone.
	In summary, this study has the potential to provide valuable, insightful information that will help businesses develop proactive plans for overcoming adoption-related obstacles. Companies can address root causes, prioritise actions, create targeted interventions, collaborate with stakeholders, and monitor progress to ensure success in adopting the Metaverse. Furthermore, companies need to invest in research and development, collaborate with other stakeholders, adopt new technologies, address regulation and privacy concerns, and promote cultural and social acceptance of the Metaverse.
7. Conclusion, limitations, and future research directions
[bookmark: _Hlk145845522]This research has identified thirty-five barriers in six categories that prevent the adoption of Metaverse. These barriers are categorised into six categories. Further, these barriers are analysed through the lens of the Force Field Theory and TOE theoretical framework. Finally, these barriers are evaluated with the help of FAHP and FDEMATEL methods to prioritise them and identify their causal relationships. This prioritisation and causal relationships among the barriers help the academicians and managers to understand the concept of Metaverse adoption and become acquainted with the relationship that can lead to adoption failure. This study offers valuable insights into the relationships between barriers and how they can impact progress towards achieving specific goals or objectives. By analysing these barriers, managers can better understand critical barriers and their causal relationships that must be addressed to overcome them. 
	Like the other research studies, this study has also some limitations. First, our study applied the FAHP method to rank the barriers and the FDEMATEL method to identify the causal relationship among the barriers. Future research could extend our study by applying other MCDM methods and comparing our study results for robustness.  Second, our study is based on expert opinions from industry and academicians, and their judgments can lead to biases. In future, this study can be validated by performing some statistical analysis. 
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Appendix. A1
[bookmark: _Hlk147053288]Demographic details of experts 
	S.No
	No of experts
	Geography
	Industry/Academia
	Profile
	Experience (Years)

	1
	2
	USA
	Education
	Senior Manager
	10-12

	2
	1
	Canada
	Healthcare
	Senior Manager
	10-15

	3
	1
	Germany
	Transportation
	Director Operations
	5-10

	4
	4
	USA
	Entertainment
	
	10-15

	5
	3
	India, China, Australia
	Gaming
	Design Manager
	10-12

	6
	1
	Ireland
	Tourism
	Tour Operator and Guide
	5-10

	7
	1
	India
	Retail
	Operations Manager
	15-20

	8
	2
	India, Ireland 
	Supply chain
	Analytics
	10-15


















Appendix. A2
[bookmark: _Hlk147053352]Total direct relation matrix (T) combined for each criterion
	S.No.
	Barriers Category
	Security and privacy (SP)
	Feasibility (F)
	Infrastructure (IF)
	User behaviour and psychology (CP)
	Governance and standardisation (GS)
	Organisation culture and stakeholder commitment (OS)
	R

	1
	Security and privacy (SP)
	0.11
	0.19
	0.1
	0.49
	0.27
	0.57
	2.52

	2
	Feasibility (F)
	0.09
	0.07
	0.03
	0.37
	0.21
	0.44
	0.9

	3
	Infrastructure (IF)
	0.32
	0.11
	0.04
	0.19
	0.17
	0.23
	1.45

	4
	User behaviour and psychology (CP)
	0.22
	0.09
	0.08
	0.51
	0.09
	0.49
	1.09

	5
	Governance and standardisation (GS)
	0.23
	0.27
	0.07
	0.31
	0.21
	0.29
	2.36

	6
	Organisation culture and stakeholder commitment (OS)
	0.14
	0.24
	0.02
	0.26
	0.13
	0.21
	1.09

	 
	C
	1.11
	0.97
	0.34
	2.13
	1.08
	2.23
	 






VR security challenges (SP2)	
0.27	Software and hardware security (SP1)	
0.22	Financial fraud issue (SP5)	
0.18	Client vulnerabilities (SP4)	
0.15	Spying (SP3)	
0.11	Complex and potentially insecure architecture (SP6)	
7.0000000000000007E-2	Weights




Customization (F4)	
0.28999999999999998	Interface (F2)	
0.24	Functionality (F3)	
0.19	Environment (F1)	
0.15	Interactivity (F5)	
0.13	Weights




High-speed communication and network requirements 	
0.23	Smart wearable device 	
0.21	Internet penetration 	
0.17	Decentralized environment 	
0.14000000000000001	Requirement for Computing technologies 	
0.11	Trialability	
0.09	Interoperability	
0.05	Weights




Excessive engagement in the virtual world (CP4)	
0.21	Perceived Anxiety (CP3)	
0.19	Harassment of users (CP1)	
0.15	Ease of Use (CP5)	
0.13	Immersion (CP2)	
0.12	Limited participation (CP6)	
0.11	Individual Innovativeness (CP7)	
0.09	Weights




Legal and regulatory challenges (GS2)	
0.28999999999999998	Robust security and threat monitoring. (GS1)	
0.25	Enforcement of Decentraland and XRSI Framework (GS3)	
0.22	Ethics and Standards (GS4)	
0.14000000000000001	Intellectual property/Ownership rights (GS5)	
0.1	Weights




Transparency (OS1)	
0.31	Trust (OS2)	
0.21	Top management support (OS4)	
0.19	Collaboration (OS3)	
0.17	Integrating AR and VR into workflows (OS5)	
0.12	Weights




1	Security and privacy (SP)	
0.39	2	Governance and standardization (GS)	
0.19	3	Infrastructure (I)	
0.16	4	User behaviour and psychology (CB)	
0.13	5	Feasibility (F)	
0.09	6	Organization culture and stakeholder commitment (OS)	
0.04	Categories

Weights
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