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Abstract 

The rapid advancement of immersive digital technologies has positioned 

the metaverse as a strategic enabler of industrial transformation, 

offering new opportunities for knowledge creation, operational 

excellence, and sustainable innovation. Despite increasing scholarly 

interest, limited empirical evidence exists regarding the mechanisms 

through which metaverse technologies promote sustainable 

entrepreneurial innovation, particularly within industrial organisations 

in developing economies. This study investigates the direct effects of 

metaverse technologies on intellectual capital (IC) and sustainable 

entrepreneurial innovation (SEI), while examining the mediating role of 

IC in this relationship. Drawing upon the Unified Theory of Acceptance 

and Use of Technology, the Resource-Based View, Dynamic Capabilities 

Theory, and IC Theory, a conceptual model was developed and 

empirically tested. Data were collected from 339 managers, assistant 

managers, information technology professionals, and employees 

working in Iraqi industrial organisations using a structured 

questionnaire. The proposed hypotheses were analysed using Partial 

Least Squares Structural Equation Modelling. The findings reveal that 

metaverse technologies significantly enhance IC and directly foster SEI. 

IC also exerts a strong positive influence on SEI and partially mediates 

the relationship between metaverse technologies and innovation 

outcomes, demonstrating that the strategic value of immersive 

technologies is realised through the development of human, structural, 

and relational capital. The study contributes to the emerging metaverse 

literature by integrating complementary theoretical perspectives into a 

unified framework and provides practical guidance for industrial 

organisations seeking to leverage immersive technologies to strengthen 

IC, accelerate SEI, and enhance long-term competitive advantage. 
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1. Introduction 

The emergence of the metaverse represents one of the most profound technological 

transformations of the Fourth Industrial Revolution, fundamentally reshaping how organisations create 

knowledge, collaborate, innovate, and generate sustainable value. Unlike previous waves of digital 

transformation that primarily focused on automation and connectivity, the metaverse integrates virtual 

reality (VR), augmented reality (AR), extended reality (XR), artificial intelligence (AI), blockchain, 

cloud computing, digital twins, and the Internet of Things (IoT) into immersive digital ecosystems 

where physical and virtual environments coexist and interact seamlessly (Aiolfi & Luceri, 2024; 

Davies et al., 2024; Rafique & Qadir, 2024). Global industries are increasingly recognising the 

metaverse as more than a technological novelty; rather, it is becoming a strategic infrastructure capable 

of transforming manufacturing systems, product development, employee training, supply chain 

management, and collaborative innovation (Contreras et al., 2022; Wen et al., 2025). As industrial 

organisations face unprecedented pressures arising from environmental regulations, digital disruption, 

resource scarcity, and intensified global competition, the ability to exploit immersive technologies has 

become a critical determinant of sustainable competitiveness. 

The industrial sector is currently undergoing a rapid transition from traditional manufacturing 

towards smart, interconnected, and sustainable production systems, where digital technologies 

increasingly determine organisational resilience and long-term performance. Industry 4.0 technologies 

have already demonstrated considerable potential for improving operational efficiency, reducing 

waste, and supporting environmentally sustainable manufacturing practices. However, recent 

technological developments suggest that the metaverse represents the next evolutionary stage of 

industrial digitalisation by enabling organisations to simulate entire production environments, optimise 

operational processes, conduct virtual experimentation, and facilitate real-time collaboration among 

geographically dispersed stakeholders (Latino et al., 2024; Lyu & Fridenfalk, 2024; Meng et al., 2025). 

Through immersive virtual environments, organisations can evaluate production alternatives, 

minimise material waste, optimise energy consumption, and accelerate product innovation before 

committing physical resources, thereby reducing costs while simultaneously supporting environmental 

sustainability (Yaseen et al., 2025; Yoşumaz, 2024). Consequently, metaverse technologies are 

increasingly viewed as strategic enablers of sustainable industrial transformation rather than merely 

advanced digital communication platforms. 

Parallel to the rapid advancement of immersive technologies, intellectual capital (IC) has 

become one of the most valuable strategic resources enabling organisations to transform technological 

investments into sustainable competitive advantage. Contemporary organisations increasingly 

recognise that long-term competitiveness depends less on physical assets and more on their ability to 
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generate, integrate, and exploit knowledge embedded within employees, organisational systems, and 

stakeholder relationships (Ahmed et al., 2023; Jordao & Novas, 2022; Paoloni et al., 2022). IC, 

comprising human capital, structural capital, and relational capital, provides the organisational 

capabilities required to absorb emerging technologies, institutionalise organisational knowledge, 

facilitate collaborative learning, and accelerate innovation (Abdelfattah et al., 2024; Truong & 

Nguyen, 2024). The integration of immersive digital technologies with IC therefore represents an 

increasingly important research domain, particularly as organisations seek to translate digital 

transformation initiatives into sustainable organisational outcomes. 

Simultaneously, organisations are experiencing growing pressure to pursue sustainable 

entrepreneurial innovation (SEI), which extends beyond conventional innovation by integrating 

economic performance with environmental stewardship and social responsibility (Baber, 2023; 

Diepolder et al., 2024). SEI encompasses the development of environmentally responsible products, 

resource-efficient production systems, circular business models, and socially responsible 

entrepreneurial initiatives that generate long-term value for multiple stakeholders (Freudenreich et al., 

2019; Osei Opoku et al., 2024). As industrial organisations increasingly adopt digital technologies to 

achieve sustainability objectives, understanding the organisational mechanisms through which 

metaverse technologies stimulate SEI has become a strategic priority for both researchers and 

practitioners. 

Despite the growing scholarly interest in the metaverse, existing research remains fragmented 

in several important respects. First, most previous studies have concentrated on consumer behaviour, 

education, tourism, healthcare, retail, and entertainment, while empirical investigations within 

industrial and manufacturing organisations remain comparatively limited (Contreras et al., 2022; Lim 

et al., 2024; Moustapha et al., 2024). Second, although numerous studies acknowledge the 

technological capabilities of the metaverse, relatively little empirical evidence explains how these 

technologies generate strategic organisational outcomes, particularly SEI. Most existing research 

focuses on technology adoption or user acceptance rather than examining the organisational processes 

that transform immersive technologies into innovation capabilities (Aiolfi & Luceri, 2024; 

Markopoulos et al., 2022). Third, IC and metaverse technologies have largely evolved as independent 

streams of research. While IC has been extensively examined as a driver of innovation and competitive 

advantage (Amaya et al., 2022; Secundo et al., 2020), few empirical studies have investigated whether 

IC functions as the organisational mechanism through which metaverse technologies influence SEI. 

These limitations reveal an important theoretical and empirical gap. Current literature provides 

only limited understanding of the interrelationships among metaverse technologies, IC, and SEI, 

particularly within industrial organisations operating in developing economies. Moreover, although 
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the Unified Theory of Acceptance and Use of Technology (UTAUT) effectively explains technology 

adoption behaviour (Venkatesh et al., 2012), it provides limited insight into how actual technology use 

contributes to broader organisational capabilities and innovation outcomes. Similarly, the Resource-

Based View (RBV) and Dynamic Capabilities Theory emphasise the strategic importance of valuable 

organisational resources and knowledge reconfiguration (Jordao & Novas, 2022; Pitelis et al., 2023), 

yet empirical evidence integrating these perspectives within the metaverse context remains scarce. 

Consequently, there is a clear need for an integrated theoretical framework capable of explaining how 

immersive digital technologies create sustainable entrepreneurial value through organisational 

knowledge resources. 

This research addresses these shortcomings by developing and empirically testing an integrated 

model that combines UTAUT, Resource-Based View, Dynamic Capabilities Theory, and IC Theory 

to explain how the actual use of metaverse technologies contributes to SEI. Specifically, the study 

proposes that metaverse technologies enhance IC by strengthening employees’ competencies, 

organisational knowledge infrastructures, and collaborative stakeholder networks, which subsequently 

facilitate SEI. In doing so, the study positions IC as the critical organisational mechanism through 

which digital transformation is translated into sustainable innovation performance. 

The empirical investigation is conducted within the Iraqi industrial sector, an important yet 

underexplored context characterised by increasing digital transformation initiatives, growing 

sustainability challenges, and substantial pressure to enhance industrial competitiveness. Industrial 

organisations in Iraq are progressively investing in advanced digital technologies to modernise 

manufacturing operations, improve productivity, and achieve sustainable development objectives. 

Nevertheless, empirical evidence regarding the organisational value of metaverse technologies within 

this context remains extremely limited. By focusing on Iraqi industrial organisations, the study 

contributes valuable evidence from a developing economy, thereby extending the external validity of 

existing theories beyond the predominantly developed-country settings that dominate current research. 

Accordingly, the primary objective of this study is to examine the direct effect of metaverse 

technologies on IC and SEI, to investigate the influence of IC on SEI, and to determine whether IC 

mediates the relationship between metaverse technologies and SEI. The central argument advanced in 

this paper is that metaverse technologies alone do not generate SEI; rather, their strategic value is 

realised  through the development and mobilisation of IC, which transforms immersive digital 

capabilities into sustainable organisational innovation and long-term competitive advantage. To 

achieve this objective, the remainder of the paper is organised as follows. Section 2 reviews the 

relevant literature and develops the research hypotheses. Section 3 describes the research methodology 

and data analysis procedures. Section 4 presents the empirical findings, followed by the discussion in 
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Section 5. Finally, Sections 6 and 7 conclude the paper by outlining its theoretical contributions, 

practical implications, limitations, and directions for future research. 

 

2. Theoretical Background and Hypothesis Development 

2.1 Sustainable Entrepreneurial Innovation 

Sustainable entrepreneurial innovation (SEI) has emerged as a strategic and dynamic capability 

through which organisations generate and implement novel ideas that lead to substantial and often 

radical improvements in products, operational processes, and business model design (Hassan et al., 

2023). Its true value lies in its exceptional ability to transform creative ideas and innovative solutions 

into practical applications that generate sustainable competitive value for organisations while 

simultaneously delivering positive environmental and social outcomes. From this perspective, 

entrepreneurial innovation constitutes a fundamental strategic mechanism that enables organisations 

to address increasingly complex sustainability-related challenges and environmental pressures (Maier 

et al., 2020). In this regard, international organisations such as the Organisation for Economic Co-

operation and Development (OECD) define entrepreneurial innovation as the implementation of a new 

or significantly improved product, process, or organisational approach that stimulates economic 

growth, strengthens competitive advantage, and prioritises environmental sustainability (Osei Opoku 

et al., 2024). Consequently, entrepreneurial innovation has become a critical mechanism for enabling 

organisations to adapt effectively to accelerating environmental and social changes while achieving 

superior operational efficiency within the broader context of contemporary entrepreneurship. 

Organisations that embrace a sustainable entrepreneurial orientation play a pivotal role in 

driving and institutionalising entrepreneurial innovation. This is reflected in their ability to develop 

environmentally friendly products, redesign production processes to minimise emissions and waste 

(Lüdeke‐Freund, 2019), and establish innovative business models that successfully balance economic 

profitability with long-term sustainability. As global demand for responsible products and business 

practices continues to grow, organisations face increasing pressure to adopt entrepreneurial innovation 

strategies that respond proactively to stakeholder expectations and address emerging societal and 

environmental challenges (Freudenreich et al., 2019). Accordingly, entrepreneurship provides an ideal 

context for leveraging these strategic orientations to develop innovative solutions that strengthen 

competitive advantage while simultaneously advancing comprehensive organisational sustainability 

(Sarma et al., 2022). 

The successful implementation of entrepreneurial innovation requires a proactive strategic 

vision that enables organisations to anticipate future challenges and develop solutions capable of 

generating multidimensional value (Harvey, 2025). Its significance extends beyond responding to 
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immediate market demands, encompassing the transformation of industries towards more resilient and 

sustainable business models (David-West et al., 2019). Entrepreneurial innovation therefore represents 

a multidimensional ecosystem comprising several complementary forms of innovation, each serving 

distinct strategic and competitive objectives. These include open innovation, which facilitates dynamic 

knowledge exchange between an organisation and its external environment (Phonthanukitithaworn et 

al., 2024); environmental or green innovation, which directly seeks to minimise the environmental 

impacts of products and operational processes while improving resource efficiency (Abbas et al., 

2024); disruptive innovation, which fundamentally reshapes traditional markets and establishes new 

technological and competitive paradigms that support deeper sustainability transitions (Ibidunni et al., 

2021); and frugal innovation, which provides cost-effective entrepreneurial solutions by optimising 

the use of limited resources while addressing social and environmental priorities, particularly within 

emerging economies (Qin, 2024; Saleem et al., 2024; Shahid et al., 2023). 

According to Terán-Yépez et al. (2020), entrepreneurial innovation, represents one of the 

fundamental pillars of comprehensive organisational sustainability. It operates through a set of 

complementary roles that address unmet needs across markets and industries by directing 

entrepreneurial efforts towards the development of environmentally sustainable products and services. 

Moreover, it enhances operational efficiency through waste reduction and more effective utilisation of 

organisational resources, while simultaneously redesigning organisational structures and 

administrative processes to align with the requirements of sustainable transformation. Entrepreneurial 

innovation also employs innovative marketing strategies that communicate the environmental and 

societal value of products, thereby increasing consumer acceptance and market adoption. The 

integration of these complementary functions establishes a holistic framework that enables 

organisations to balance environmental, social, and economic objectives effectively. 

Fundamentally, entrepreneurial innovation extends far beyond serving as a mechanism for 

improving short-term organisational performance (Nneka Adaobi et al., 2024). Rather, it constitutes a 

comprehensive strategic orientation that equips organisations to respond responsibly to environmental 

and economic pressures while reshaping their future towards more resilient, competitive, and 

sustainable development pathways. Accordingly, SEI, in all its forms and applications, represents a 

critical driver of entrepreneurial success, long-term organisational growth, and sustainable value 

creation. 

 

2.2 Metaverse Technologies 

The origins of the metaverse can be traced back to the early virtual environments that emerged 

in the 1970s through multi-user text-based network games. The concept evolved further in 1986 with 
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the introduction of avatars, which became the fundamental building block of users’ digital 

representation within virtual worlds (Lyu, 2023). However, the concept gained its true prominence in 

1992 when Neil Stephenson coined the term metaverse in his novel Snow Crash, describing it as a 

three-dimensional virtual world that transcends physical limitations (Florido-Benítez, 2024; Lim et al., 

2024). This vision was subsequently realised through platforms such as Second Life, which integrated 

social interaction with a digital economy. 

With rapid technological advancements, the metaverse has evolved into a sophisticated 

ecosystem supported by cloud computing, blockchain, the IoT, and AI, all of which facilitate efficient 

data management and the seamless operation of immersive virtual environments (Rafique & Qadir, 

2024). These technologies are complemented by VR, AR, XR, and advanced smart and sensory 

devices that substantially enhance user immersion and interaction (Moustapha et al., 2024). Academic 

and industrial interest in the metaverse accelerated significantly following Meta’s strategic rebranding 

in 2021 and its commitment to developing an interconnected virtual ecosystem that seamlessly bridges 

the physical and digital worlds (Aiolfi & Luceri, 2024). Contemporary literature broadly defines the 

metaverse as an immersive, interactive, and synchronised three-dimensional digital environment that 

enables users to work, shop, communicate, and collaborate while simultaneously enhancing 

transparency and sustainability (Aiolfi & Luceri, 2024; Davies et al., 2024; Wen et al., 2025). 

From both managerial and technological perspectives, the metaverse is increasingly recognised 

as a comprehensive digital infrastructure capable of fundamentally transforming economic and social 

activities (Jauhiainen, 2024). It integrates four principal technological paradigms. The first is AR, 

which overlays digital content onto the physical environment in real time to support operational and 

marketing decision-making (Egbengwu et al., 2025; Labovitz & Hubbard, 2020; Y. Wang et al., 2024; 

Xi et al., 2024). The second is VR, which provides fully immersive digital environments that replicate 

real-world experiences and facilitate advanced interactive applications (Morone et al., 2025; Y. Wang 

et al., 2024). The third comprises mirror worlds, which function as digital replicas of physical 

environments, enabling real-time simulation, monitoring, and analysis without the financial and 

operational costs associated with field-based experimentation (Argota Sanchez-Vaquerizo, 2025; 

Yazıcı et al., 2024). The fourth is lifelogging, which focuses on digitally recording users’ daily 

activities and behaviours to improve both organisational and individual performance (Abdulmuhsin et 

al., 2024; Pillay et al., 2024; Winta & Fibry Jati, 2024). 

The distinctive characteristics of the metaverse stem from its secure blockchain-enabled digital 

infrastructure, three-dimensional spatial architecture, collaborative participation, and real-time 

interaction (Cheung et al., 2024; Seo et al., 2024; Wang et al., 2025; Xue et al., 2024). Additional 

defining attributes include persistence, interoperability across multiple platforms, and scalability 
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capable of supporting substantial volumes of users and digital content (Boo & Suh, 2024; Fernández-

Caramés & Fraga-Lamas, 2024; Radanliev et al., 2024; Y. Wang et al., 2024). Furthermore, the 

metaverse promotes creativity, avatar-based embodiment, technological continuity, and sustainability 

by facilitating a balanced integration of economic, environmental, and social dimensions 

(Abdulmuhsin et al., 2024; Nah et al., 2025; Pizzolante et al., 2023; Rawat & El Alami, 2023; Zhang 

et al., 2025). 

The strategic and organisational significance of these technologies extends well beyond 

entertainment, positioning the metaverse as a comprehensive platform for knowledge exchange and 

innovation across business, manufacturing, education, and healthcare sectors (Contreras et al., 2022). 

At the individual level, the metaverse enables users to establish virtual enterprises, foster 

entrepreneurial activities, and cultivate creative thinking by experimenting within secure, low-risk 

environments (Lim et al., 2024; Mele et al., 2024). It also provides immersive training solutions that 

closely replicate real-world conditions while substantially reducing the costs associated with 

conventional training methods. In marketing and customer relationship management, the metaverse 

empowers organisations to deliver highly personalised and immersive customer experiences that 

strengthen customer loyalty while simultaneously enabling real-time behavioural analytics to refine 

strategic decision-making (Jeon & Lee, 2024; Kim & Yoo, 2024). 

At the organisational level, the metaverse offers an ideal environment for knowledge sharing, 

collaborative learning, and prototype testing within research and development settings before full-scale 

implementation (Alsetoohy et al., 2024). Its strategic value is further amplified when integrated with 

IC. Specifically, it contributes to the development of human capital by enhancing digital competencies 

and professional expertise, strengthens structural capital through the establishment of advanced 

immersive knowledge platforms and digital repositories, and enriches relational capital by expanding 

collaborative networks and facilitating cross-border virtual partnerships (Abrokwah-Larbi, 2024). 

Collectively, these capabilities enable organisations to generate distinctive and difficult-to-imitate 

innovations, thereby reinforcing sustainable competitive advantage and long-term innovation 

performance. 

 

2.3 Intellectual Capital 

Although the term Intellectual Capital (IC) was first introduced by John Kenneth Galbraith in 

1969, it did not emerge as a central theme in management thought until the 1980s, when it attracted 

considerable attention from both academics and practitioners (Vale et al., 2022). The development of 

IC research has progressed through four major stages. The first stage, during the late 1980s, focused 

on conceptualising the terminology and establishing a shared understanding of IC. The second stage, 
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at the beginning of the twenty-first century, concentrated on developing measurement and reporting 

frameworks, thereby strengthening recognition of its contribution to organisational performance 

(Vargas-Atencio et al., 2024). During the third stage, scholarly attention shifted towards practical 

applications and managerial implications (P. P. Wang et al., 2024). More recently, the fourth stage has 

broadened the scope of IC to encompass organisational responses to contemporary environmental, 

social, and demographic challenges. 

Despite extensive research, no universally accepted definition of IC has emerged owing to its 

multidisciplinary nature and relatively recent development. One stream of research associates IC with 

knowledge management and its role in generating value creation and fostering innovation (Ahmed et 

al., 2023; Jordao & Novas, 2022), whereas another emphasises its human, structural, and relational 

dimensions as strategic resources for achieving sustainable competitive advantage (Ali et al., 2024). 

From a disciplinary perspective, management scholars view IC as a strategic organisational resource, 

accounting scholars consider it an intangible asset influencing financial performance (Ovechkin et al., 

2020), while economists highlight its contribution to sustainable economic development (Hariyono & 

Narsa, 2024). 

The literature generally categorises definitions of IC into three principal perspectives. The first 

adopts a human-centred perspective, defining IC as the collective knowledge, expertise, experience, 

and innovative capabilities possessed by individuals that generate organisational value (Prusak & 

Kardas, 2024; Vale et al., 2022). The second focuses on intangible resources, viewing IC as a portfolio 

of invisible knowledge assets, including organisational processes, patents, and technological 

capabilities that strengthen organisational competitiveness (Bagna et al., 2024). The third, and most 

comprehensive, is the integrated perspective, which combines human capabilities with intangible 

organisational resources. This approach has been adopted by the Organisation for Economic Co-

operation and Development (OECD), which defines IC as knowledge-based resources, relationships, 

and innovation capabilities that support sustainable business performance and long-term economic 

growth (Achuo et al., 2024). 

IC represents a vital strategic resource that enables organisations to respond effectively to 

dynamic environmental challenges, leverage accumulated organisational knowledge, and foster 

continuous learning (Al-Omoush, 2021). Its significance extends beyond enhancing conventional 

organisational performance to improving resource management and supporting business sustainability 

within the context of the Fourth Industrial Revolution (Mahmood & Mubarik, 2020; Paoloni et al., 

2022). It facilitates organisational development by transforming traditional work into integrated 

knowledge-based activities, thereby strengthening organisations’ capacity to adopt emerging 

technologies and respond proactively to environmental change (Alhosani & Ahmad, 2024; Trivedi & 
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Srivastava, 2023). Moreover, IC enhances competitive advantage and organisational productivity by 

driving innovation, facilitating the development of new products, and improving resource utilisation 

efficiency (Habib & Dalwai, 2023; Truong & Nguyen, 2024). It also strengthens business intelligence 

and digital transformation through the provision of organisational systems and infrastructures that 

improve strategic decision-making. Furthermore, IC promotes environmental innovation and 

sustainability by providing organisations with the knowledge capabilities required for continuous 

renewal, organisational adaptation, and balancing economic profitability with environmental 

responsibility (Khan et al., 2024; Villa et al., 2023). In addition, it supports sustainable 

entrepreneurship through innovation-oriented entrepreneurial capabilities that facilitate the 

development of knowledge-based competencies, the identification of sustainable business 

opportunities, the promotion of economic growth, and the reduction of unemployment (Ataei et al., 

2024; Daskalopoulou et al., 2023; Yuksel, 2024). 

Regarding its constituent dimensions, the tripartite classification proposed by Stewart (1997) 

has gained widespread acceptance in contemporary literature as the most robust theoretical framework 

for explaining the structure of IC (Abdelfattah et al., 2024; Paoloni et al., 2022). This framework 

comprises human capital, structural capital, and relational capital. 

Human capital has its intellectual origins in the work of Adam Smith in 1776 and was 

subsequently advanced by Theodore Schultz in 1961 and Gary Becker in 1962, who conceptualised 

education and training as investments in human capabilities (Edeji, 2024; Isah Leontes & Hoole, 2024). 

Within business organisations, human capital refers to the collective stock of employees’ 

competencies, skills, experience, expertise, and personal attributes that generate unique value and are 

difficult for competitors to replicate (Alakkas et al., 2023). It also encompasses employees’ attitudes, 

innovative capabilities, commitment to organisational development, and environmental responsibility 

(Anser et al., 2024; Yuksel, 2024). Human capital contributes significantly to increased productivity, 

enhanced research and development activities, reduced organisational risks through improved 

governance, and diversified sources of organisational revenue (Abiwu & Martins, 2024; Song, 2024). 

Structurally, it consists of three core elements: competencies, behaviours, and cognitive agility (Siska 

Yuli et al., 2024). 

The second component, structural capital, emerged prominently during the 1990s through the 

pioneering work of Leif Edvinsson and Michael S. Malone in 1997, together with Nick Bontis in 1998, 

who positioned it as a complementary resource to human capital (Oliko et al., 2024). Structural capital 

represents the stable organisational knowledge embedded within internal systems, operational 

processes, databases, patents, intellectual property rights, and organisational culture (Belmonte da 

Silva et al., 2021; Lavín Verástegui, 2020). Its principal advantage lies in its permanence within the 
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organisation, even after employees leave, by transforming individuals’ tacit knowledge into explicit 

organisational knowledge that can be documented, stored, and reused (Sugianto et al., 2023). 

Consequently, structural capital improves operational efficiency, reduces organisational costs and 

errors, and provides the infrastructure and environmentally sustainable practices necessary to support 

organisational resilience and long-term sustainability (Tekala et al., 2024). 

Finally, relational capital originates from R. Edward Freeman’s Stakeholder Theory in 1984, 

which argues that strong relationships founded upon trust and collaboration enhance managerial 

effectiveness and organisational performance (Ismail et al., 2024). Whereas human and structural 

capital primarily concern an organisation’s internal capabilities, relational capital focuses on the 

knowledge generated through interactions with the external environment (Zamboni et al., 2024). This 

intangible resource encompasses corporate reputation, brand equity, strategic alliances, distribution 

networks, customer trust, customer satisfaction, and broader stakeholder relationships (Gallegos et al., 

2021; Paoloni et al., 2022). Relational capital serves as the primary mechanism through which 

organisations gain access to scarce strategic resources, identify emerging market and entrepreneurial 

opportunities, and ultimately strengthen long-term organisational success and sustainable business 

performance (Aslam et al., 2023; Ghodbane & Alwehabie, 2023). 

 

2.4 Conceptual Model and Hypothesis Development 

Figure 1 presents the conceptual model of the current study. The model proposes that the use 

of metaverse technologies directly enhances IC and SEI within industrial organisations. It further 

posits that IC serves as a strategic organisational resource that positively influences SEI. Moreover, 

the model proposes that IC mediates the relationship between the use of metaverse technologies and 

SEI by transforming digitally generated knowledge, organisational capabilities, and collaborative 

resources into sustainable entrepreneurial outcomes. Collectively, the model explains how metaverse 

technologies contribute to SEI both directly and indirectly through the development of human, 

structural, and relational capital. 

 

2.4.1 Actual Use of Metaverse Technologies in Industrial Organisations 

The UTAUT is widely recognised as one of the most influential theoretical frameworks for 

explaining individuals’ and organisations’ adoption and use of emerging technologies (Venkatesh et 

al., 2012). The theory proposes that actual technology use represents the ultimate outcome of the 

interaction between several cognitive, behavioural, and organisational determinants, namely 

performance expectancy, effort expectancy, social influence, and facilitating conditions. These 
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determinants jointly shape users’ behavioural intention, which subsequently translates into actual 

usage behaviour. 

 

Figure 1. The conceptual model of study 

 

 
 

Source: Authors’ own work 

 

Among these determinants, performance expectancy is considered one of the strongest 

predictors of behavioural intention and technology adoption. Individuals are more likely to embrace 

metaverse technologies when they believe these technologies enhance operational efficiency, improve 

productivity, and reduce operational errors (Al-Adwan & Al-Debei, 2023; Ali et al., 2022). Similarly, 

effort expectancy plays a crucial role in shaping users’ attitudes towards adoption, as the diverse forms 

of metaverse technologies are generally perceived as intuitive, user-friendly, and capable of 

minimising technical complexity while increasing users’ confidence (Ma et al., 2025). Social influence 

further strengthens technology acceptance through encouragement from organisational leaders, 

technical experts, and colleagues who actively promote the integration of metaverse technologies into 

routine organisational practices (Jerin et al., 2025). In addition, facilitating conditions, including digital 

infrastructure, technical training, and governmental support, represent critical organisational resources 

that enable behavioural intention to be translated into actual technology use (Alkhwaldi et al., 2025). 

Previous studies, such as Al-Emran et al. (2018) and Martins et al. (2014) indicate that 

individuals with strong behavioural intentions are more likely to exhibit preparatory behaviours, such 

as exploring the functionalities of emerging technologies and evaluating their performance, which 

constitute essential precursors to actual adoption. Furthermore, Williams et al. (2015) demonstrate that 

the relationship between behavioural intention and actual use is highly contingent upon the 

organisational and environmental context. Even strong behavioural intentions may fail to translate into 

actual usage when organisations lack adequate infrastructure or technical support. Conversely, the 

availability of facilitating conditions—including managerial support, technical training, and positive 

feedback following initial implementation—reinforces continued technology use and promotes its 
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institutionalisation within organisational routines (Williams et al., 2015). Accordingly, behavioural 

intention functions as a behavioural activation mechanism encompassing several sequential stages, 

including motivational activation, usage planning, resource allocation, and responsiveness to a 

supportive organisational environment. When these stages operate within favourable organisational 

conditions, behavioural intention evolves into sustained and effective technology utilisation. 

Within this theoretical framework, the actual use of metaverse technologies represents the final 

implementation stage in which favourable perceptions are transformed into tangible organisational 

practices within industrial organisations. Actual use extends beyond simply experimenting with the 

technology; rather, it involves integrating metaverse technologies into routine organisational activities, 

including virtual training, virtual product design, process simulation, and operational performance 

analysis (Quang & Tuamsuk, 2024). Such practical implementation enables industrial organisations to 

simulate complex manufacturing scenarios within immersive digital environments before deploying 

them in physical settings, thereby reducing operational costs and risks while enhancing sustainability 

through improved resource utilisation and energy efficiency (Yaseen et al., 2025). Moreover, actual 

technology use serves as an important indicator of an organisation’s digital maturity (Williams et al., 

2015), reflecting its ability to convert technological investments into measurable and sustainable 

operational performance. 

Within the Iraqi industrial context, the actual use of metaverse technologies represents a 

strategic mechanism for overcoming challenges associated with resource scarcity and inadequate 

infrastructure. By providing flexible and cost-effective digital alternatives, metaverse technologies 

enable organisations to develop products, evaluate innovative technologies, and conduct virtual 

experimentation without incurring the substantial financial and operational risks associated with real-

world implementation (Alfaiza et al., 2025; Yaseen et al., 2025). Consequently, their adoption expands 

opportunities to improve organisational performance and enhance productivity across critical 

industrial sectors, including manufacturing, energy production, and engineering industries. 

Accordingly, the actual use of metaverse technologies should not be viewed merely as a 

technological application but rather as a manifestation of a broader strategic transformation in 

industrial business models. It reflects the integration of cognition, behavioural intention, and actual 

behaviour within the UTAUT framework, demonstrating organisations’ ability to progress from 

conceptual acceptance to effective implementation. This transformation ultimately contributes to 

enhanced operational efficiency, green innovation, and long-term industrial sustainability (Al-Adwan 

et al., 2024; Dwivedi et al., 2017; Williams et al., 2015; Yaseen et al., 2025). 
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2.4.2 Metaverse Technologies and Intellectual Capital 

The metaverse represents one of the most transformative innovations of the digital industrial 

era, providing an immersive virtual environment that integrates the physical and digital worlds to 

create interactive three-dimensional spaces for design, production, training, and real-time 

collaboration (Meng et al., 2025). The metaverse encompasses several core technological paradigms, 

including virtual worlds, which facilitate process simulation and workforce training (Vale et al., 2022); 

AR, which overlays interactive digital content onto physical environments to enhance operational 

understanding and control; mirror worlds, which accurately replicate physical systems and industrial 

equipment; and lifelogging, which systematically records users’ activities and interactions (Cabrilo et 

al., 2024). The integration of these technologies enables industrial organisations to evaluate 

production-line performance, minimise operational errors and risks, and facilitate seamless cross-

border collaboration (Mukaro et al., 2023). Consequently, the metaverse constitutes a strategic 

organisational capability that stimulates innovation, accelerates the transition towards intelligent and 

sustainable manufacturing, and serves as a comprehensive digital platform for enhancing all 

dimensions of IC (Cedrola et al., 2024). 

Regarding the dimensions of IC, the metaverse plays a pivotal role in strengthening human 

capital by providing an immersive digital learning environment that supports experiential learning and 

interactive training while significantly reducing operational risks and training costs (Kour et al., 2025; 

Melnyk et al., 2021; Saman, 2025). These technologies, particularly digital twins, facilitate the transfer 

of organisational knowledge and preserve technical expertise across generations of employees (Hazrat 

et al., 2023). Furthermore, they foster organisational creativity by enabling multidisciplinary teams to 

collaboratively develop, test, and refine prototypes within immersive virtual environments, thereby 

accelerating innovation and improving decision-making processes (Kromidha et al., 2025; Yuksel, 

2024). The metaverse also promotes workforce inclusivity by supporting remote training and 

employment opportunities while improving working conditions, enhancing employee commitment, 

and contributing to the sustainable management of human resources (Mukherjee et al., 2025; Paetow 

et al., 2025). These strategic contributions are consistent with Human Capital Theory and 

Organisational Learning Theory, both of which emphasise the importance of simulation-based learning 

and safe experimentation in developing employees’ competencies, expertise, and innovative 

capabilities (Alsetoohy et al., 2024; Auerbach & Green, 2024; Saridakis et al., 2024). 

From the perspective of structural capital, the metaverse fundamentally reshapes the 

knowledge infrastructure of industrial organisations by transforming tacit knowledge into documented 

and sustainable organisational assets embedded within information systems and organisational 

databases (Kim, 2021; Y. Wang et al., 2024). Through virtual environments, production systems can 
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be monitored and managed in real time, creating a comprehensive digital memory that safeguards 

organisational knowledge against loss (Oliko et al., 2024; Sugianto et al., 2023). AR further enhances 

operational accuracy by providing technicians with real-time technical information and supporting 

interactive training systems that preserve best organisational practices (Anser et al., 2024; Fernandez-

Jardón & Silva, 2020). Likewise, mirror worlds establish continuously evolving digital repositories 

and synchronised representations of physical systems that improve managerial decision-making 

(Ahmad & Aligarh, 2024; Mokhlis & Diop, 2024). Meanwhile, lifelogging technologies contribute to 

the continuity of organisational knowledge by reducing knowledge loss associated with employee 

retirement or turnover (Paetow et al., 2025). Collectively, these technological capabilities establish an 

integrated digital infrastructure that supports organisational sustainability while operationalising IC 

Theory through the continuous transformation of individual knowledge into organisational learning, 

knowledge renewal, and institutional memory (Alsetoohy et al., 2024; Omar et al., 2019; Radha et al., 

2025). 

With respect to relational capital, metaverse technologies fundamentally redefine 

organisational relationships and industrial collaboration by eliminating geographical and temporal 

barriers and enabling immersive real-time interaction (Mukaro et al., 2023; Zamboni et al., 2024). 

Virtual worlds enable organisations to host three-dimensional conferences, exhibitions, and 

collaborative events that strengthen strategic partnerships with investors, suppliers, and global 

business partners (AlQershi et al., 2020). Similarly, AR facilitates collaborative maintenance activities 

(Gallegos et al., 2021), real-time remote training between engineers and external experts, and 

immersive customer experiences that enhance customer satisfaction and loyalty (Mehralian et al., 

2024; Xu & Wang, 2018). Mirror worlds improve operational transparency and supply chain 

coordination by enabling synchronised data exchange among stakeholders (Presutti et al., 2020), 

whereas lifelogging technologies systematically document collaborative interactions, thereby 

supporting future strategic decisions and preserving the digital memory of organisational relationships 

(Ramírez-Solis et al., 2022). Together, these technologies facilitate broader research and development 

networks, enable collaborative product development at lower costs, and support dialogue on 

sustainability initiatives with governmental and regulatory stakeholders (Ismail et al., 2024; Tian et 

al., 2022; Villanueva-Flores et al., 2022). Consistent with IC Theory, the metaverse transforms 

conventional contractual relationships into flexible, knowledge-based partnerships founded upon trust, 

transparency, and mutual value creation (Alsetoohy et al., 2024; Mukaro et al., 2023; Presutti et al., 

2020). Based on this comprehensive analysis of the mechanisms through which various metaverse 

technologies influence the three dimensions of IC—human, structural, and relational capital—within 

industrial organisations, the following hypothesis is proposed: 
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H1: The use of metaverse technologies has a direct and positive effect on enhancing intellectual capital 

within industrial organisations. 

 

2.4.3 Intellectual Capital and Sustainable Entrepreneurial Innovation 

SEI has emerged as a contemporary managerial orientation that seeks to balance 

environmental, social, and economic objectives while emphasising proactiveness, risk-taking, and the 

identification of technological and environmental opportunities (Baber, 2023; Diepolder et al., 2024; 

Wu et al., 2023). Within this context, IC, through its portfolio of intangible knowledge-based 

resources, has become a fundamental driver for generating, institutionalising, and sustaining 

entrepreneurial innovation (Truong & Nguyen, 2024). Existing literature demonstrates a strong causal 

and complementary relationship between IC and SEI (Amaya et al., 2022; Madhala et al., 2024; 

Secundo et al., 2020). From the perspective of the RBV, IC constitutes a unique strategic resource that 

is valuable, rare, difficult to imitate, and capable of generating sustainable competitive advantage 

through continuous value creation. Likewise, Dynamic Capabilities Theory argues that organisations 

capable of continuously renewing and reconfiguring their knowledge resources are better positioned 

to adapt to rapidly evolving environmental, technological, and market conditions (Dixit et al., 2025; 

Jordao & Novas, 2022; Pitelis et al., 2023). 

The direct contribution of human capital lies in its role as the primary catalyst for developing 

SEI. Employees possessing advanced knowledge, expertise, and creative capabilities are more capable 

of designing environmentally sustainable solutions, acquiring green competencies, adopting proactive 

entrepreneurial behaviours, and managing innovation-related risks efficiently and effectively 

(AlQershi et al., 2023; Antwi-Boateng et al., 2023; Awode & Oduola, 2024; Hu, 2021; Ramadana et 

al., 2025). Through their knowledge, creativity, and problem-solving abilities, highly skilled 

employees generate innovative ideas that enable organisations to respond proactively to sustainability 

challenges while maintaining long-term competitiveness. 

Similarly, structural capital contributes by providing the organisational systems, operational 

processes, patents, and institutional mechanisms that codify knowledge and transform individual ideas 

into sustainable organisational practices. These knowledge infrastructures facilitate organisational 

learning, improve strategic decision-making, and integrate sustainability principles into the 

organisation’s digital and operational architecture (Khalequzzaman et al., 2025; Sayed & Nefzi, 2024; 

Shahbaz et al., 2024; Shahbaz & Malik, 2025). Consequently, structural capital ensures that innovative 

knowledge is systematically preserved, disseminated, and continuously exploited throughout the 

organisation rather than remaining dependent upon individual employees. 
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From another perspective, relational capital serves as a strategic mechanism for expanding 

external partnerships, accessing green financing opportunities, and establishing collaborative networks 

based on trust with customers, suppliers, investors, and other stakeholders. These external relationships 

facilitate the exchange of knowledge, reduce the risks associated with environmentally oriented 

innovation projects, and accelerate the commercialisation of sustainable solutions (Long & Liao, 2022; 

Nawangsari et al., 2024; Zamboni et al., 2024). By strengthening inter-organisational collaboration 

and stakeholder engagement, relational capital enables organisations to acquire complementary 

resources and accelerate sustainable entrepreneurial initiatives. 

The effectiveness of SEI is substantially enhanced when these three dimensions of IC operate 

in an integrated and complementary manner. Human capital generates innovative ideas and 

entrepreneurial initiatives; structural capital institutionalises, protects, and manages these innovations 

through formal organisational systems; and relational capital facilitates their implementation, 

diffusion, and commercial exploitation through strategic networks and collaborative partnerships 

(Khalequzzaman et al., 2025). Importantly, these synergistic effects extend beyond short-term 

organisational performance, establishing a long-term foundation for continuous organisational 

learning, knowledge accumulation, and sustainable innovation capabilities (Shahbaz & Malik, 2025). 

Contemporary management literature further reinforces this relationship by emphasising that IC, 

supported by environmentally oriented organisational systems and stakeholder relationships, 

constitutes a critical source of sustainable profitability and knowledge-based competitive advantage 

(Abdallah et al., 2024; Kimuam et al., 2025; Mulatsih, 2025; Rehman et al., 2021). Based on the 

foregoing theoretical arguments, the study proposes the following hypothesis: 

H2: Intellectual capital has a direct and positive effect on enhancing sustainable entrepreneurial 

innovation within industrial organisations. 

 

2.4.4 Metaverse Technologies and Sustainable Entrepreneurial Innovation 

The metaverse has emerged as one of the most transformative digital innovations reshaping the 

nature of innovation within the industrial sector. By providing an immersive digital environment that 

integrates design, simulation, and real-time interaction, the metaverse enables organisations to develop 

more efficient operational solutions while accelerating the transition towards SEI, which integrates 

environmental considerations into production processes to achieve comprehensive organisational 

sustainability (Latino et al., 2024). Its strategic value lies in offering an integrated virtual environment 

where ideas can be conceived, tested, and refined in real time with minimal financial cost and 

operational risk. This capability significantly accelerates innovation processes while allowing 

organisations to evaluate energy consumption, assess alternative materials, and optimise production 
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decisions before physical implementation, thereby supporting environmentally sustainable 

manufacturing practices (Lyu & Fridenfalk, 2024; Yoşumaz, 2024). 

Within this context, the metaverse functions as an enabling platform for multiple forms of 

innovation. It promotes disruptive innovation by facilitating experimentation with unconventional 

technologies and business models, such as virtual factories and digitally integrated manufacturing 

ecosystems. Simultaneously, it advances sustainable innovation by enabling the design of 

environmentally friendly products and production systems that minimise waste and improve resource 

efficiency (Sze et al., 2024). Moreover, the metaverse provides an ideal environment for open 

innovation, overcoming geographical constraints and enabling seamless collaboration among 

industrial firms, universities, research institutions, and technical experts. Such collaboration enriches 

joint research and development activities while accelerating knowledge sharing and technological 

transfer (Falcke & Zobel, 2024; Nguyen & Voznak, 2024; Smith, 2024). 

Furthermore, the influence of the metaverse extends beyond technological innovation to 

encompass managerial, operational, and environmental innovation. It enables organisations to redesign 

business processes, conduct immersive three-dimensional meetings, and develop advanced virtual 

training programmes that enhance employee creativity and organisational performance through real-

time data analytics supported by AR technologies (Bayram, 2024; Yoşumaz, 2024). These analytical 

capabilities allow organisations to evaluate the efficiency of resource utilisation—including water and 

energy consumption—and assess the environmental impacts of production materials, thereby 

facilitating the adoption of sustainable circular business models (Assad et al., 2024). In addition, the 

metaverse stimulates marketing innovation by providing immersive product simulations that enable 

customers to experience products virtually before purchase. These experiences strengthen customer 

trust and brand loyalty while allowing organisations to evaluate marketing campaigns digitally, 

reducing advertising waste and promoting more responsible consumption patterns (Abbas et al., 2024; 

Athaide et al., 2024). 

From a theoretical perspective, the relationship between metaverse technologies and SEI can 

be explained through Open Innovation Theory, which emphasises the importance of external 

collaboration and knowledge exchange in accelerating innovation processes (Falcke & Zobel, 2024). 

This perspective is further reinforced by Dynamic Capabilities Theory, which argues that organisations 

capable of sensing environmental changes and continuously reconfiguring their digital resources are 

better positioned to respond effectively to rapidly evolving technological and market conditions 

(Markopoulos et al., 2022). In practical terms, the innovation cycle within the metaverse follows an 

integrated sequence of activities that begins with opportunity identification, proceeds through digital 

solution design, and culminates in virtual testing and real-time performance evaluation prior to 
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physical implementation. This iterative process substantially reduces innovation risks while ensuring 

that organisational processes generate positive environmental outcomes (Kruachottiku et al., 2023; 

Markopoulos et al., 2022). Thus, the metaverse represents a comprehensive strategic ecosystem that 

integrates operational excellence with environmental responsibility, enabling organisations to achieve 

sustainable competitive advantage within the digital economy. Based on this theoretical rationale, the 

following hypothesis is proposed: 

H3: The use of metaverse technologies has a direct and positive effect on enhancing sustainable 

entrepreneurial innovation within industrial organisations. 

 

2.4.5 Intellectual Capital as a Mediating Variable 

Within the context of contemporary digital transformation, the metaverse has emerged as an 

immersive technological environment that fundamentally reshapes the mechanisms through which 

knowledge and operational solutions are generated in industrial organisations (Latino et al., 2024). 

However, transforming these extensive digital capabilities into SEI requires the presence of an 

intermediary organisational infrastructure in the form of IC, which functions as the strategic conduit 

through which virtual outputs are translated into tangible innovation capabilities, organised into 

valuable organisational knowledge, and ultimately commercialised (Truong & Nguyen, 2024; Wu et 

al., 2023). From the perspectives of Dynamic Capabilities Theory and the RBV, the metaverse 

represents a valuable technological asset that enables advanced simulation, experimentation, and 

energy-efficiency assessment without incurring material waste or excessive operational costs (Lyu & 

Fridenfalk, 2024; Yoşumaz, 2024). Nevertheless, the value generated by these digital capabilities can 

only be realised when IC effectively converts them into sustainable organisational outcomes. 

At the first level of this mediating process, human capital serves as the primary mechanism 

through which employees recognise environmental opportunities, interpret digitally generated 

knowledge, and transform these insights into innovative solutions that simultaneously address 

environmental, social, and economic objectives (AlQershi et al., 2023; Antwi-Boateng et al., 2023; 

Ramadana et al., 2025). The immersive and interactive capabilities of the metaverse enhance 

employees’ creativity, analytical capabilities, and environmental awareness, enabling them to develop 

and implement sustainable entrepreneurial solutions within real organisational settings. 

Complementing this role, the metaverse continuously supplies organisations with real-time 

operational data and cost-efficient experimental environments that facilitate both disruptive and 

sustainable innovation (Kusi-Sarpong et al., 2022; Sze et al., 2024). Structural capital subsequently 

performs a critical mediating function by organising these digital inputs and transforming the 

environmental knowledge generated within virtual environments into formal organisational 
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procedures, operational standards, and institutional routines. Without this intermediary mechanism, 

valuable digital information would remain confined within virtual simulations rather than being 

converted into collective organisational capabilities and measurable institutional performance (Sayed 

& Nefzi, 2024; Wu et al., 2023). Consequently, structural capital ensures that knowledge generated 

through metaverse technologies becomes embedded within the organisation’s operational 

infrastructure and contributes to continuous organisational learning. 

The mediating role of relational capital is equally significant. The metaverse facilitates 

unprecedented levels of cross-border collaboration and entrepreneurial interaction through immersive 

digital environments (Falcke & Zobel, 2024; Smith, 2024), thereby expanding organisations’ strategic 

networks and strengthening collaborative partnerships founded on trust and knowledge sharing 

(Zamboni et al., 2024). Through these enhanced external relationships, relational capital enables 

organisations to access green financing opportunities, reduce innovation-related risks, accelerate the 

commercialisation of sustainable products and services, and promote responsible consumption 

practices, ultimately creating long-term competitive advantages (Athaide et al., 2024; Long & Liao, 

2022; Nawangsari et al., 2024). 

Thus, these complementary mechanisms demonstrate that metaverse technologies function as 

the technological enabler and knowledge-generation platform, whereas IC, through its human, 

structural, and relational dimensions, constitutes the organisational mechanism that assimilates digital 

knowledge and transforms it into SEI. This integrated perspective reinforces contemporary 

management literature, which argues that IC serves as the essential bridge linking advanced digital 

technologies with sustainable competitive performance by balancing innovation capabilities with 

environmental responsibility (Abdallah et al., 2024; Kimuam et al., 2025; Rehman et al., 2021). 

Accordingly, the influence of metaverse technologies on SEI is expected to operate through the 

development and mobilisation of IC as a strategic mediating mechanism. Based on this theoretical 

rationale, the following hypothesis is proposed: 

H4: Intellectual capital mediates the positive relationship between the use of metaverse technologies 

and sustainable entrepreneurial innovation in industrial organisations. 

 

3. Methodology 

3.1 Data Collection and Sampling 

The present study employed a deductive research approach grounded in the positivist research 

paradigm. This methodological orientation is particularly appropriate for empirically examining 

theoretically derived relationships among latent constructs and testing the proposed hypotheses using 

quantitative statistical techniques. The positivist perspective enables the objective measurement of 
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organisational perceptions regarding the use of metaverse technologies, IC, and SEI, thereby 

facilitating rigorous empirical validation of the proposed conceptual framework. 

The target population comprised organisations operating within the Iraqi industrial sector, 

including firms engaged in manufacturing, engineering, construction materials, food processing, 

chemicals, and other industrial activities. Since no comprehensive sampling frame covering all 

employees and managers within Iraqi industrial organisations was available, convenience sampling 

was adopted as the most appropriate non-probability sampling technique. This approach enabled the 

researchers to access respondents who possessed relevant organisational knowledge and practical 

experience regarding digital transformation initiatives, technological innovation, and strategic 

decision-making. The unit of analysis consisted of managers, assistant managers, information 

technology (IT) professionals, and administrative employees, as these organisational members are 

directly involved in technology adoption, knowledge management, and innovation-related activities 

within their respective organisations. 

Data were collected using a structured questionnaire comprising two sections. The first section 

obtained respondents’ demographic characteristics, including gender, job position, age, and years of 

professional experience, providing a comprehensive profile of the study participants and facilitating 

an assessment of sample representativeness. As presented in Table 1, the final sample consisted of 339 

respondents, including 200 males (59.00%) and 139 females (41.00%). Regarding occupational roles, 

the respondents comprised 47 managers (13.86%), 75 assistant managers (22.12%), 105 IT 

professionals (30.97%), and 112 employees (33.04%). Most participants were between 34 and 42 years 

of age (38.64%), while the largest proportion reported 10–18 years of professional experience 

(32.74%), indicating that the sample consisted predominantly of experienced professionals occupying 

positions directly associated with organisational operations and technological implementation. 

The second section of the questionnaire contained measurement items designed to assess the 

study constructs, namely metaverse technologies, IC, and SEI. All constructs were measured using 

previously validated scales adapted from the existing literature and modified where necessary to reflect 

the context of Iraqi industrial organisations. Respondents evaluated each statement using a five-point 

Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). 

Because Arabic is the primary working language in Iraqi industrial organisations, the 

questionnaire was originally developed in Arabic to ensure conceptual clarity, linguistic accuracy, and 

consistent interpretation of the measurement items. Before large-scale data collection, the instrument 

underwent a comprehensive content validation process involving academic experts specialising in 

management, information systems, and innovation, together with experienced practitioners from the 
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Iraqi industrial sector. Their feedback contributed to improving the wording, contextual relevance, and 

overall content validity of the questionnaire. 

The survey was administered in paper and electronically using Google Forms and distributed 

through professional networks, industrial organisations, managerial contacts, and relevant digital 

communication channels. Follow-up reminders were sent periodically to encourage participation and 

increase the response rate. Participation was entirely voluntary, and respondents were assured that their 

responses would remain anonymous and confidential and would be used exclusively for academic 

research purposes. 

A total of 372 questionnaires were returned during the data collection period. After screening 

for incomplete questionnaires, inconsistent responses, and excessive missing data, 339 valid 

questionnaires were retained for the final statistical analysis, representing an effective response rate of 

approximately 91.1%. The final sample size exceeds the minimum requirements recommended for 

Partial Least Squares Structural Equation Modelling (PLS-SEM) and provides sufficient statistical 

power for simultaneously estimating both the direct and indirect (mediating) relationships specified in 

the proposed conceptual model. The demographic characteristics of the respondents are presented in 

Table 1. 

 

3.2 Measurement of Constructs 

The present study investigated three latent constructs, namely Metaverse Technologies Usage 

(MU), Intellectual Capital (IC), and Sustainable Entrepreneurial Innovation (SEI). All measurement 

scales were adapted from well-established studies in the literature and carefully modified to reflect the 

context of Iraqi industrial organisations. Minor wording revisions were introduced to improve clarity 

and contextual relevance while preserving the original conceptual meaning of the measurement items. 

Prior to data collection, the questionnaire was reviewed by academic experts and industry practitioners 

to ensure its content validity, linguistic accuracy, and practical applicability. 

The construct of Metaverse Technologies Usage (MU) was conceptualised as the extent to 

which industrial organisations utilise immersive digital technologies—including VR, AR, digital 

twins, mirror worlds, lifelogging technologies, and virtual collaboration platforms—to support 

manufacturing, knowledge sharing, product development, training, and organisational decision-

making. The measurement scale consisted of six items adapted from previous studies investigating 

metaverse adoption, immersive technologies, and digital transformation (Aiolfi & Luceri, 2024; 

Contreras et al., 2022; Meng et al., 2025; Mukaro et al., 2023; Yaseen et al., 2025). 

Intellectual Capital (IC) was operationalised as a higher-order organisational capability 

comprising human capital, structural capital, and relational capital. The construct was measured using 
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six items reflecting employees’ competencies, organisational knowledge systems, learning 

capabilities, collaborative relationships, and knowledge-sharing practices. The measurement items 

were adapted from established IC literature (Abdelfattah et al., 2024; Jordao & Novas, 2022; Paoloni 

et al., 2022; Truong & Nguyen, 2024). 

 

Table 1. Respondents’ demographics. 

Categories Details # % 

Gender 
Male 200 59.00 

Female 139 41.00 

Job 

position 

Manager 47 13.86 

Assistant Manager 75 22.12 

IT professional 105 30.97 

Employee 112 33.04 

Age 

(#years) 

Less than 25 36 10.62 

25 – 33 75 22.12 

34 – 42 131 38.64 

53 – 61 68 20.06 

More than 61 29 8.55 

Job 

Experience 

(#years) 

Less than 1 35 10.32 

Less than 10 52 15.34 

10 – 18 111 32.74 

19 – 27 97 28.61 

More than 27 44 12.98 

Notes: N=339 

Source: Authors’ own work 

 

The dependent construct, Sustainable Entrepreneurial Innovation (SEI), was measured using 

six items capturing organisations’ ability to develop environmentally sustainable products, improve 

operational processes, implement innovative business models, and balance economic, environmental, 

and social objectives. These items were adapted from previous studies on sustainable innovation, green 

entrepreneurship, and entrepreneurial orientation (Baber, 2023; Freudenreich et al., 2019; Osei Opoku 

et al., 2024; Terán-Yépez et al., 2020; Truong & Nguyen, 2024). 

 

3.3 Data Analysis Strategy 

The collected data were analysed using Partial Least Squares Structural Equation Modelling 

(PLS-SEM) implemented through SmartPLS version 3.2.9. PLS-SEM is widely acknowledged as one 

of the most appropriate multivariate analytical techniques for examining complex relationships among 

latent constructs measured by multiple indicators, particularly when the primary objective is 

prediction, theory extension, and the explanation of variance in endogenous variables (Hair & Alamer, 

2022). Given that the proposed research model incorporates direct and indirect (mediating) 
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relationships among metaverse technologies, IC, and SEI, PLS-SEM provides a robust methodological 

framework for evaluating the proposed hypotheses. 

The selection of PLS-SEM was supported by several methodological considerations. First, the 

conceptual model comprises multiple latent constructs linked through both direct and mediation 

effects, resulting in a relatively sophisticated structural framework that is well suited to variance-based 

structural equation modelling (Hair & Alamer, 2022). Specifically, the study examines the direct 

influence of metaverse technologies on IC and SEI, the effect of IC on SEI, and the mediating role of 

IC in explaining the relationship between metaverse technologies and SEI. Such a model requires the 

simultaneous estimation of multiple interdependent relationships, making PLS-SEM an appropriate 

analytical technique. 

Second, PLS-SEM enables the concurrent assessment of both the measurement model and the 

structural model within a single analytical procedure. This capability allows researchers to evaluate 

indicator reliability, internal consistency reliability, convergent validity, discriminant validity, 

collinearity, coefficient of determination (R²), effect sizes (f²), and the significance of hypothesised 

structural relationships simultaneously (Hair & Alamer, 2022). Moreover, PLS-SEM is particularly 

effective in estimating mediation models using non-parametric bootstrapping procedures, thereby 

providing robust statistical evidence for both direct and indirect effects. 

Third, PLS-SEM is especially suitable for studies examining emerging digital technologies and 

organisational innovation, where theoretical models frequently involve multiple interconnected 

constructs and prediction-oriented objectives. As the present study seeks to explain how the use of 

metaverse technologies contributes to SEI both directly and indirectly through IC, PLS-SEM offers 

the methodological flexibility required to evaluate these complex causal mechanisms. 

The final dataset consisted of 339 valid responses collected from managers, assistant managers, 

IT professionals, and employees working in Iraqi industrial organisations. This sample size exceeds 

the minimum recommendations for PLS-SEM analysis and provides adequate statistical power for 

estimating the proposed structural model and testing both the direct and mediating relationships among 

the study variables. Consequently, PLS-SEM was considered the most appropriate analytical approach 

for validating the measurement model, estimating the structural model, and empirically testing the 

proposed research hypotheses. 

 

4. Results 

4.1 Measurement Model Assessment 

Prior to testing the proposed hypotheses, the measurement model was evaluated to establish 

the reliability, validity, and collinearity of the latent constructs. Following the recommendations of 
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Hair and Alamer (2022), the assessment included internal consistency reliability, convergent validity, 

discriminant validity, and collinearity diagnostics. 

Internal consistency reliability and convergent validity were examined using Cronbach’s alpha 

(α), rho_A, Composite Reliability (CR), and the Average Variance Extracted (AVE). As reported in 

Table 2, all measurement properties exceeded the recommended threshold values. Cronbach’s alpha 

coefficients ranged from 0.926 to 0.947, substantially exceeding the minimum acceptable value of 

0.70, thereby demonstrating excellent internal consistency among the measurement items. Likewise, 

rho_A values ranged between 0.926 and 0.947, further confirming the stability and reliability of the 

measurement scales. Composite Reliability values varied from 0.947 to 0.962, indicating a high degree 

of internal consistency across all constructs. Among the three constructs, IC exhibited the highest 

reliability (CR = 0.962), followed by SEI (CR = 0.958) and Metaverse Technologies (CR = 0.947). 

 

Table 2. Convergent validity   

Constructs 
Cronbach’s 

Alpha 
rho_A 

Composite 

Reliability 

Average Variance 

Extracted (AVE) 

SEI 0.941 0.942 0.958 0.849 

IC 0.947 0.947 0.962 0.863 

MU 0.926 0.926 0.947 0.818 
     

Source: Authors’ own work  

 

Convergent validity was assessed through the Average Variance Extracted (AVE). As shown 

in Table 2, AVE values ranged from 0.818 to 0.863, substantially exceeding the recommended 

threshold of 0.50 (Hair & Alamer, 2022). Specifically, IC achieved the highest AVE (0.863), followed 

by SEI (0.849) and Metaverse Technologies (0.818). These findings indicate that each construct 

explains well over half of the variance of its corresponding indicators, thereby providing strong 

evidence of convergent validity. 

Discriminant validity was subsequently evaluated using both the Fornell–Larcker criterion and 

the Heterotrait–Monotrait ratio (HTMT), as presented in Table 3. According to the Fornell–Larcker 

criterion, the square root of the AVE for each construct (displayed on the diagonal in bold) should 

exceed its correlations with all other constructs. This requirement was fully satisfied. The square roots 

of the AVE were 0.922 for SEI, 0.929 for IC, and 0.905 for Metaverse Technologies, all of which were 

greater than the corresponding inter-construct correlations. Furthermore, the HTMT values (shown 

above the diagonal in italics) ranged from 0.515 to 0.687, remaining well below the conservative 

threshold of 0.85, thereby providing additional evidence that the three constructs are empirically 

distinct and capture separate conceptual domains. 



Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

63 

 

To further verify the adequacy of the measurement model, collinearity diagnostics were 

conducted using the Variance Inflation Factor (VIF). As reported in Table 4, the outer VIF values 

ranged from 2.873 to 4.875 across all measurement indicators. More specifically, the indicators of 

Metaverse Technologies recorded VIF values between 2.873 and 3.774, those of IC ranged from 3.758 

to 4.875, and the indicators of SEI ranged between 3.557 and 4.160. All values remained below the 

recommended threshold of 5.00, indicating that indicator multicollinearity was not a concern (Hair & 

Alamer, 2022). Similarly, the inner VIF values assessing collinearity among the predictor constructs 

ranged from 1.000 to 1.495, substantially below the recommended cut-off value of 3.30, thereby 

confirming the absence of structural multicollinearity within the proposed research model. 

 

Table 3. Discriminant validity  

Constructs SEI IC MU 

SEI 0.922 0.687 0.515 

IC 0.649 0.929 0.614 

MU 0.481 0.575 0.905 
    

Notes: Bold number= √AVE, Italic numbers=HTMT 

Source: Authors’ own work 

 

Table 4. Variance Inflation Factors  

Items Outer VIF Items Outer VIF Items Outer VIF 

MU_item1 3.774 IC_item1 4.875 SEI_item1 4.160 

MU_item2 3.121 IC_item2 4.721 SEI_item2 3.557 

MU_item3 3.248 IC_item3 3.758 SEI_item3 3.681 

MU_item4 2.873 IC_item4 3.875 SEI_item4 4.050 

Inner VIF SEI IC    

IC 1.495     

MU 1.495 1.000    

 

Source: Authors’ own work   

 

Thus, the findings demonstrate that the measurement model possesses excellent psychometric 

properties. The constructs exhibit high internal consistency reliability, strong convergent validity, 

satisfactory discriminant validity, and no evidence of problematic collinearity. Consequently, the 

measurement model provides a robust empirical foundation for evaluating the structural model and 

testing the proposed direct and mediating hypotheses. 
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4.2 Structural Model Assessment 

Following the validation of the measurement model, the structural model was assessed to 

examine the proposed direct and indirect relationships among Metaverse Technologies Usage (MU), 

Intellectual Capital (IC), and Sustainable Entrepreneurial Innovation (SEI). Hypothesis testing was 

conducted using the bootstrapping procedure in SmartPLS, and the results, including the standardized 

path coefficients (β), standard deviations (SD), t-statistics, p-values, effect sizes (f²), and coefficients 

of determination (R²), are presented in Table 5. The corresponding structural model is illustrated in 

Figure 2. 

 

Table 5. The path analysis of study model 

Relationships β SD 
T P 

f2 R2 Results? 
Statistics Values 

MU  → IC 0.575 0.034 16.808 0.000 0.495 0.331 Accept 

IC  → EI 0.556 0.044 12.623 0.000 0.369 

0.439 

Accept 

MU  → EI 0.161 0.050 3.229 0.001 0.031 Accept 

MU → IC → EI 0.320 0.032 10.087 0.000 0.864 Accept 
        

Note: β = Standard regression, SD = Standard Deviation. 

         NFI = 0.951, SRMR = 0.031 

 Source: Authors’ own work 

 

Figure 2. The structural model of study 

 
 

Source: Authors’ own work 

 

The findings provide strong empirical support for the proposed conceptual framework. First, 

Metaverse Technologies exert a significant positive effect on IC (H1: β = 0.575, t = 16.808, p < 0.001), 

indicating that greater organisational utilisation of metaverse technologies substantially enhances the 
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development of human, structural, and relational capital within industrial organisations. The effect size 

was large (f² = 0.495), suggesting that metaverse technologies represent an important strategic driver 

of IC. Furthermore, the model explains 33.1% of the variance in IC (R² = 0.331), indicating a moderate 

level of explanatory power. 

Second, IC demonstrates a significant positive influence on SEI (H2: β = 0.556, t = 12.623, p 

< 0.001). This finding confirms that organisations possessing stronger knowledge resources, 

organisational capabilities, and stakeholder relationships are better positioned to develop 

environmentally responsible entrepreneurial innovations. The corresponding effect size (f² = 0.369) 

indicates a substantial practical influence of IC on SEI. 

The analysis also reveals that Metaverse Technologies have a direct positive effect on SEI (H3: 

β = 0.161, t = 3.229, p = 0.001). Although statistically significant, this relationship exhibits a relatively 

small effect size (f² = 0.031), suggesting that the direct contribution of metaverse technologies to SEI 

is comparatively modest when considered independently. Nevertheless, this result demonstrates that 

digital immersive technologies contribute directly to organisational innovation by facilitating virtual 

collaboration, experimentation, simulation, and environmentally sustainable production practices. 

The mediating role of IC was subsequently examined. As reported in Table 5, the indirect 

relationship between Metaverse Technologies and SEI through IC is positive and highly significant 

(H4: β = 0.320, t = 10.087, p < 0.001). Moreover, the indirect effect exhibits a very large effect size 

(f² = 0.864), indicating that IC represents the principal organisational mechanism through which the 

benefits of metaverse technologies are translated into SEI. The simultaneous significance of both the 

direct and indirect effects suggests the existence of complementary partial mediation, whereby 

metaverse technologies influence SEI both directly and indirectly through the enhancement of IC. 

Regarding the explanatory capability of the model, the coefficient of determination indicates 

that 43.9% of the variance in SEI is explained jointly by Metaverse Technologies and IC (R² = 0.439). 

According to commonly accepted guidelines for PLS-SEM, this value represents moderate explanatory 

power, demonstrating that the proposed model explains a substantial proportion of the variance in SEI 

among Iraqi industrial organisations. 

Thus, the structural model provides strong empirical evidence supporting all four proposed 

hypotheses. The findings suggest that the adoption of metaverse technologies not only strengthens IC 

directly but also enhances SEI both independently and, more importantly, indirectly through the 

development of organisational knowledge resources. These results underscore the strategic importance 

of integrating immersive digital technologies with IC development to achieve long-term sustainable 

innovation within industrial organisations. 

 



Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

66 

 

4.3 Model Fit Indices 

The overall adequacy of the proposed structural model was evaluated using the Standardised 

Root Mean Square Residual (SRMR) and the Normed Fit Index (NFI). As reported in Table 5, the 

model achieved an SRMR value of 0.031, which is substantially below the recommended threshold of 

0.08, indicating a very good level of model fit and a minimal discrepancy between the observed and 

model-implied covariance matrices (Hair & Alamer, 2022). Similarly, the model produced an NFI 

value of 0.951, exceeding the recommended benchmark of 0.90, thereby demonstrating an excellent 

overall fit between the proposed theoretical model and the empirical data. Collectively, these 

goodness-of-fit indices confirm that the structural model adequately represents the underlying 

relationships among Metaverse Technologies, IC, and SEI. 

In the light of above, the satisfactory model fit, the strong psychometric properties of the 

measurement model, and the statistically significant structural relationships provide robust empirical 

support for the proposed conceptual framework. These findings confirm the suitability of the model 

for explaining how metaverse technologies contribute to SEI through the strategic development of IC 

within Iraqi industrial organisations. 

 

5. Discussion 

The findings of this study provide robust empirical evidence supporting the proposed 

conceptual model and reinforce the growing importance of metaverse technologies as strategic digital 

capabilities that enhance IC and foster SEI within industrial organisations. Specifically, all four 

hypotheses were supported, demonstrating that metaverse technologies contribute to SEI both directly 

and indirectly through the development of IC. These findings are consistent with the theoretical 

assumptions of the UTAUT, the RBV, Dynamic Capabilities Theory, and IC Theory, collectively 

explaining how digital technologies are transformed into sustainable organisational outcomes. 

The significant positive relationship between metaverse technologies and IC (H1) indicates 

that organisations adopting immersive technologies are better able to develop and leverage their 

human, structural, and relational capital. The relatively large path coefficient (β = 0.575) and effect 

size (f² = 0.495) suggest that metaverse technologies extend beyond operational digitalisation to 

become strategic enablers of organisational knowledge creation. This finding supports previous studies 

arguing that immersive environments facilitate experiential learning, collaborative knowledge 

exchange, and organisational memory through VR, digital twins, mirror worlds, and AR (Alsetoohy 

et al., 2024; Cedrola et al., 2024; Hazrat et al., 2023; Mukaro et al., 2023). From the perspective of 

UTAUT, the actual use of metaverse technologies enables employees to integrate digital knowledge 

into everyday organisational practices, while Human Capital Theory explains how immersive learning 
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environments enhance employees’ competencies and innovation capabilities (Auerbach & Green, 

2024; Saridakis et al., 2024). The findings therefore suggest that industrial organisations adopting 

metaverse technologies establish stronger knowledge infrastructures capable of supporting long-term 

organisational competitiveness. 

The results further demonstrate that IC significantly enhances SEI (H2). The strong positive 

relationship (β = 0.556) confirms that IC represents one of the most valuable strategic resources for 

achieving environmentally responsible entrepreneurial outcomes. This finding aligns closely with the 

Resource-Based View, which considers knowledge-based resources to be valuable, rare, difficult to 

imitate, and essential for sustainable competitive advantage (Jordao & Novas, 2022; Pitelis et al., 

2023). The findings also corroborate previous research demonstrating that human capital stimulates 

creativity and green problem-solving, structural capital institutionalises innovation through 

organisational systems and routines, and relational capital accelerates innovation through stakeholder 

collaboration and external knowledge exchange (Amaya et al., 2022; Khalequzzaman et al., 2025; 

Long & Liao, 2022; Truong & Nguyen, 2024). Consequently, IC should be viewed not merely as an 

intangible organisational asset but as a strategic capability that transforms organisational knowledge 

into sustainable entrepreneurial value. 

The direct positive effect of metaverse technologies on SEI (H3) provides further evidence that 

immersive digital technologies stimulate innovation independently of other organisational capabilities. 

Although the effect size was comparatively modest (β = 0.161; f² = 0.031), its statistical significance 

indicates that metaverse technologies directly facilitate sustainable innovation by enabling virtual 

experimentation, digital prototyping, resource optimisation, and environmentally conscious decision-

making. These findings are consistent with recent studies suggesting that immersive digital ecosystems 

enhance open innovation, virtual collaboration, sustainable manufacturing, and circular business 

models (Falcke & Zobel, 2024; Latino et al., 2024; Markopoulos et al., 2022; Sze et al., 2024; 

Yoşumaz, 2024). The relatively smaller direct effect further implies that digital technologies alone are 

insufficient to maximise sustainable innovation unless supported by complementary organisational 

capabilities. 

This interpretation is reinforced by the findings for H4, which reveal that IC significantly 

mediates the relationship between metaverse technologies and SEI (β = 0.320, t = 10.087). The 

substantial indirect effect demonstrates that the principal value of metaverse technologies is realised 

through their ability to strengthen organisational knowledge resources before generating innovation 

outcomes. This finding strongly supports Dynamic Capabilities Theory, which argues that 

technological resources create value only when organisations possess the capabilities required to sense 

opportunities, integrate knowledge, and continuously reconfigure organisational resources (Dixit et 
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al., 2025; Markopoulos et al., 2022; Pitelis et al., 2023). Likewise, the result extends previous studies 

that identified IC as the organisational mechanism linking digital transformation with sustainable 

performance (Abdallah et al., 2024; Kimuam et al., 2025; Rehman et al., 2021; Wu et al., 2023). 

Accordingly, metaverse technologies should not be regarded merely as advanced digital infrastructures 

but rather as strategic knowledge-generation platforms whose innovation potential depends largely on 

organisations’ ability to develop and mobilise human expertise, institutional knowledge systems, and 

collaborative stakeholder networks. 

 

6. Conclusion 

This study examined the relationships among metaverse technologies, IC, and SEI within Iraqi 

industrial organisations. Using PLS-SEM, the findings confirmed that the actual use of metaverse 

technologies significantly enhances IC and directly promotes SEI. Furthermore, IC was found to exert 

a strong positive influence on SEI while simultaneously acting as a significant mediating mechanism 

between metaverse technologies and innovation outcomes. These results demonstrate that immersive 

digital technologies create the greatest organisational value when combined with well-developed 

human, structural, and relational capital. Consequently, the study highlights that SEI is not driven 

solely by technological investment but also by organisations’ ability to transform digital capabilities 

into knowledge-based strategic assets. Overall, the proposed framework provides empirical evidence 

that integrating metaverse technologies with IC development represents an effective pathway towards 

achieving sustainable competitiveness and long-term innovation performance in the industrial sector. 

 

6.1 Theoretical Implications 

This study makes several important theoretical contributions to the literature on digital 

transformation, IC, and sustainable innovation. First, it extends the UTAUT beyond technology 

adoption by demonstrating that the actual use of metaverse technologies generates strategic 

organisational outcomes through the development of IC. Second, by integrating the RBV, Dynamic 

Capabilities Theory, and IC Theory into a unified conceptual framework, the study provides a more 

comprehensive explanation of how advanced digital technologies create sustainable entrepreneurial 

value. Third, the empirical confirmation of the mediating role of IC contributes to the growing 

literature on digital transformation by demonstrating that technological capabilities alone are 

insufficient to achieve sustainable innovation unless they are effectively translated into human 

expertise, organisational knowledge systems, and collaborative stakeholder relationships. Finally, the 

study enriches the emerging metaverse literature by providing empirical evidence from the industrial 
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sector of a developing economy, thereby expanding the theoretical understanding of metaverse-

enabled organisational innovation beyond consumer, education, and entertainment contexts. 

 

6.2 Practical Implications 

The findings offer several practical implications for managers, policymakers, and industrial 

organisations seeking to accelerate digital transformation and sustainable innovation. Industrial 

managers should regard metaverse technologies as strategic organisational capabilities rather than 

merely digital tools by integrating VR, AR, digital twins, and immersive collaboration platforms into 

product development, employee training, process optimisation, and sustainable manufacturing 

initiatives. Simultaneously, organisations should invest in strengthening human capital through 

continuous digital skills development, structural capital through integrated knowledge management 

systems and digital repositories, and relational capital through strategic partnerships with universities, 

technology providers, suppliers, and government agencies. Policymakers should support the diffusion 

of metaverse technologies by improving digital infrastructure, encouraging industrial digitalisation 

programmes, and providing incentives for innovation-oriented investments. Furthermore, national 

industrial strategies should promote collaboration between academia and industry to facilitate 

knowledge transfer and the development of digital competencies. By aligning technological 

investment with IC development, industrial organisations can improve operational efficiency, 

accelerate SEI, strengthen environmental performance, and enhance long-term competitiveness in the 

digital economy. 

 

7. Limitations and Future Research Directions 

Despite its theoretical and practical contributions, this study has several limitations that should 

be acknowledged when interpreting the findings. First, the study adopted a cross-sectional research 

design, which captures respondents’ perceptions at a single point in time. Consequently, although the 

proposed relationships are theoretically grounded and statistically significant, causal inferences should 

be interpreted with caution. Longitudinal studies would provide a more comprehensive understanding 

of how the adoption of metaverse technologies and the development of IC evolve over time and 

influence SEI. Second, the research relied on self-reported questionnaire data, which may be subject 

to common method bias and respondents’ perceptual bias despite the satisfactory reliability and 

validity of the measurement model. Future studies could combine perceptual data with objective 

organisational indicators, such as innovation outputs, patent applications, environmental performance 

metrics, digital maturity indices, or financial performance, to strengthen the robustness and external 

validity of the findings. 
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Third, the study focused exclusively on industrial organisations operating in Iraq. Although 

this context provides valuable insights into digital transformation within a developing economy, the 

institutional, technological, and cultural characteristics of Iraq may limit the generalisability of the 

findings to other countries and industrial settings. Future research should replicate the proposed model 

across different countries, industries, and economic contexts to assess its cross-cultural applicability 

and external validity. Fourth, the present study examined IC as the sole mediating mechanism linking 

metaverse technologies and SEI. While IC explained a substantial proportion of the indirect effect, 

other organisational capabilities may also play important mediating or moderating roles. Future studies 

are encouraged to incorporate variables such as knowledge management capability, organisational 

learning, digital transformation capability, organisational agility, absorptive capacity, innovation 

capability, environmental orientation, or dynamic capabilities to develop more comprehensive 

explanatory models. Furthermore, future research may investigate the individual dimensions of IC—

human capital, structural capital, and relational capital—as separate mediators rather than treating IC 

as a higher-order construct. Such an approach would provide deeper insights into the specific 

mechanisms through which metaverse technologies generate SEI. 

Finally, as metaverse technologies continue to evolve rapidly through advances in AI, digital 

twins, blockchain, XR, and Industry 5.0, future studies should examine how these complementary 

technologies jointly influence organisational sustainability, circular economy practices, smart 

manufacturing, and digital entrepreneurship. Comparative studies between developed and developing 

economies, longitudinal investigations, and multi-level research designs would further enrich the 

emerging body of knowledge on metaverse-enabled innovation and provide stronger evidence 

regarding the long-term organisational and societal impacts of immersive digital technologies. 
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Appendix A. Study’s Questionnaire Items 

A. Metaverse Technologies Usage (MU) 

MU1. Our organisation uses immersive virtual technologies (e.g., VR/AR) to improve 

operational processes. MU2. Metaverse technologies facilitate collaboration and 

knowledge sharing among employees. MU3. Digital twins and virtual simulations are used 

to improve production planning and operational decision-making. MU4. The metaverse 

enables our organisation to test products and production processes before physical 

implementation. 

B. Intellectual Capital (IC) 

IC1. Employees in our organisation possess the knowledge and skills required to support 

innovation. IC2. Our organisation effectively captures and shares knowledge among 

employees. IC3. Our organisation continuously improves its internal processes through 

organisational learning. IC4. Intellectual knowledge is effectively utilised to improve 

organisational performance. 

C. Sustainable Entrepreneurial Innovation (SEI) 

SEI1. Our organisation continuously develops environmentally sustainable products or 

services. SEI2. We regularly introduce innovative production processes that reduce 

resource consumption. SEI3. Our organisation actively explores new business 

opportunities based on sustainability principles. SEI4. Sustainable innovation has become 

an integral part of our long-term organisational strategy. 

 

 



Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

72 

 

References 

Abbas, S., Saqib, N., & Shahzad, U. (2024). Global export flow of Chilean copper: The role of 

environmental innovation and renewable energy transition. Geoscience Frontiers, 15(3). 

https://doi.org/10.1016/j.gsf.2023.101697  

Abdallah, A. S., Amin, H. M. G., Abdelghany, M., & Elamer, A. A. (2024). Assessing competitiveness 

through intellectual capital research: a systematic literature review and agenda for future 

research. Competitiveness Review: An International Business Journal, 35(1), 190-220. 

https://doi.org/10.1108/cr-10-2023-0262  

Abdelfattah, F., Salah, M., Dahleez, K., Darwazeh, R., & Al Halbusi, H. (2024). The future of 

competitive advantage in Oman: Integrating green product innovation, AI, and intellectual 

capital in business strategies. International Journal of Innovation Studies, 8(2), 154-171. 

https://doi.org/10.1016/j.ijis.2024.02.001  

Abdulmuhsin, A. A., Owain, H. O., & Alkhwaldi, A. F. (2024). Understanding the academic use of 

KM-driven Metaverse technology: insights from medical colleges. Journal of Science and 

Technology Policy Management, 17(3), 611-641. https://doi.org/10.1108/jstpm-12-2023-0229  

Abiwu, L., & Martins, I. (2024). Does integrated talent management foster competitive advantage in 

higher education institutions? SA Journal of Human Resource Management, 22(0). 

https://doi.org/10.4102/SAJHRM.v22i0.2669  

Abrokwah-Larbi, K. (2024). Transforming metaverse marketing into strategic agility in SMEs through 

mediating roles of IMT and CI: theoretical framework and research propositions. Journal of 

Contemporary Marketing Science, 7(1), 56-83. https://doi.org/10.1108/jcmars-08-2023-0034  

Achuo, E., Kakeu, P., & Asongu, S. (2024). Financial development, human capital and energy 

transition: a global comparative analysis. International Journal of Energy Sector Management, 

19(1), 59-80. https://doi.org/10.1108/ijesm-11-2023-0004  

Ahmad, S. R., & Aligarh, F. (2024). Cloud Accounting and Intellectual Capital: A Catalyst for Smes 

Performance. International Conference of Business and Social Sciences, 328-339. 

https://doi.org/10.24034/icobuss.v4i1.510  

Ahmed, S. S., Guozhu, J., & Khan, M. M. (2023). Examining intellectual capital and knowledge 

absorptive capacity for high innovative performance. Knowledge and Process Management, 

31(2), 128-139. https://doi.org/10.1002/kpm.1768  

Aiolfi, S., & Luceri, B. (2024). See you on the Metaverse: A bibliometric expedition through the 

Metaverse landscape. Technological Forecasting and Social Change, 207. 

https://doi.org/10.1016/j.techfore.2024.123605  

Al-Adwan, A. S., & Al-Debei, M. M. (2023). The determinants of Gen Z's metaverse adoption 

decisions in higher education: Integrating UTAUT2 with personal innovativeness in IT. 

Education and Information Technologies, 29(6), 7413-7445. https://doi.org/10.1007/s10639-

023-12080-1  

Al-Adwan, A. S., Jafar, R. M. S., & Sitar-Tăut, D.-A. (2024). Breaking into the black box of 

consumers’ perceptions on metaverse commerce: An integrated model of UTAUT 2 and dual-

factor theory. Asia Pacific Management Review, 29(4), 477-498. 

https://doi.org/10.1016/j.apmrv.2024.09.004  

Al-Emran, M., Mezhuyev, V., & Kamaludin, A. (2018). Technology Acceptance Model in M-learning 

context: A systematic review. Computers & Education, 125, 389-412. 

https://doi.org/10.1016/j.compedu.2018.06.008  

Al-Omoush, K. S. (2021). Understanding the Impact of Intellectual Capital on E-Business 

Entrepreneurial Orientation and Competitive Agility: An Empirical Study. Information 

Systems Frontiers, 24(2), 549-562. https://doi.org/10.1007/s10796-020-10092-7  

Alakkas, A. A., Alhumoudi, H., Al-Matari, E. M., Omer, A. M., Alhebri, A., & Khan, I. A. (2023). An 

Empirical Analysis of the Impact of Human Capital as an Intangible Asset on Environmental 

https://doi.org/10.1016/j.gsf.2023.101697
https://doi.org/10.1108/cr-10-2023-0262
https://doi.org/10.1016/j.ijis.2024.02.001
https://doi.org/10.1108/jstpm-12-2023-0229
https://doi.org/10.4102/SAJHRM.v22i0.2669
https://doi.org/10.1108/jcmars-08-2023-0034
https://doi.org/10.1108/ijesm-11-2023-0004
https://doi.org/10.24034/icobuss.v4i1.510
https://doi.org/10.1002/kpm.1768
https://doi.org/10.1016/j.techfore.2024.123605
https://doi.org/10.1007/s10639-023-12080-1
https://doi.org/10.1007/s10639-023-12080-1
https://doi.org/10.1016/j.apmrv.2024.09.004
https://doi.org/10.1016/j.compedu.2018.06.008
https://doi.org/10.1007/s10796-020-10092-7


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

73 

 

Performance. International Journal of Sustainable Development and Planning, 18(12), 3831-

3844. https://doi.org/10.18280/ijsdp.181215  

Alfaiza, S. A., Hassan, H. B., Riyadh, H. A., Beshr, B. A. H., Taha, T. A., & Zangnaa, M. G. (2025). 

Navigating dynamic market challenges to enhancing sustainable entrepreneurship in SMEs 

through opportunities and disadvantages. Journal of Innovation and Entrepreneurship, 14(1). 

https://doi.org/10.1186/s13731-025-00482-z  

Alhosani, F. H., & Ahmad, S. Z. (2024). Role of human resource practices, leadership and intellectual 

capital in enhancing organisational performance: the mediating effect of organisational agility. 

Journal of Intellectual Capital, 25(4), 664-685. https://doi.org/10.1108/jic-08-2023-0183  

Ali, M. B., Tuhin, R., Alim, M. A., Rokonuzzaman, M., Rahman, S. M., & Nuruzzaman, M. (2022). 

Acceptance and use of ICT in tourism: the modified UTAUT model. Journal of Tourism 

Futures, 10(2), 334-349. https://doi.org/10.1108/jtf-06-2021-0137  

Ali, Q. B., Zin, M. L. M., & Bin Ismail, S. A. (2024). The role of human capital, structural capital, and 

relational capital in higher education institutions performance. Journal of Management Info, 

11(2), 185-196. https://doi.org/10.31580/jmi.v11i2.2874  

Alkhwaldi, A. F., Abdulmuhsin, A. A., Masa’deh, R. e., & Abu-AlSondos, I. A. (2025). Business 

intelligence adoption in higher education: the role of data-driven decision-making culture and 

UTAUT. Journal of International Education in Business, 18(4), 484-504. 

https://doi.org/10.1108/jieb-08-2024-0110  

AlQershi, N., Mokhtar, S. S. M., & Abas, Z. B. (2020). Innovative CRM and Performance of SMEs: 

The Moderating Role of Relational Capital. Journal of Open Innovation: Technology, Market, 

and Complexity, 6(4). https://doi.org/10.3390/joitmc6040155  

AlQershi, N. A., Saufi, R. B. A., Yaziz, M. F. B. A., Ramayah, T., Muhammad, N. M. N., & Yusoff, 

M. N. H. B. (2023). The relationship between green entrepreneurship, human capital and 

business sustainability in Malaysian large manufacturing firms: An empirical study. 

Technological Forecasting and Social Change, 192. 

https://doi.org/10.1016/j.techfore.2023.122529  

Alsetoohy, O., Sheikhelsouk, S., Munawar Albadry, O., Mathew, V., Mohammed Alhamdi, F., & 

Abou Kamar, M. (2024). Achieving Sustainable Competitive Advantage in the Metaverse: 

Roles of Intellectual Capital and Service Innovation Performance in Hotels. GeoJournal of 

Tourism and Geosites, 55(3), 1227-1242. https://doi.org/10.30892/gtg.55323-1295  

Amaya, N., Bernal-Torres, C. A., Nicolás-Rojas, Y. W., & Pando-Ezcurra, T. T. (2022). Role of 

internal resources on the competitive advantage building in a knowledge-intensive organisation 

in an emerging market. VINE Journal of Information and Knowledge Management Systems, 

54(5), 1153-1169. https://doi.org/10.1108/vjikms-01-2022-0029  

Anser, M. K., Naeem, M., Ali, S., Huizhen, W., & Farooq, S. (2024). From knowledge to profit: 

business reputation as a mediator in the impact of green intellectual capital on business 

performance. Journal of Intellectual Capital, 25(5/6), 1133-1153. https://doi.org/10.1108/jic-

01-2024-0025  

Antwi-Boateng, C., Mensah, H. K., & Asumah, S. (2023). Eco-intellectual capital and sustainability 

performance of SMEs: The moderating effect of eco-dynamic capability. Cogent Business & 

Management, 10(3). https://doi.org/10.1080/23311975.2023.2258614  

Argota Sanchez-Vaquerizo, J. (2025). Urban Digital Twins and metaverses towards city multiplicities: 

uniting or dividing urban experiences? Ethics Inf Technol, 27(1), 4. 

https://doi.org/10.1007/s10676-024-09812-3  

Aslam, E., Ur Rehman, A., & Iqbal, A. (2023). The mediating role of intellectual capital in corporate 

governance and financial efficiency of Islamic banks. Corporate Governance: The 

International Journal of Business in Society, 24(1), 19-40. https://doi.org/10.1108/cg-06-2022-

0276  

https://doi.org/10.18280/ijsdp.181215
https://doi.org/10.1186/s13731-025-00482-z
https://doi.org/10.1108/jic-08-2023-0183
https://doi.org/10.1108/jtf-06-2021-0137
https://doi.org/10.31580/jmi.v11i2.2874
https://doi.org/10.1108/jieb-08-2024-0110
https://doi.org/10.3390/joitmc6040155
https://doi.org/10.1016/j.techfore.2023.122529
https://doi.org/10.30892/gtg.55323-1295
https://doi.org/10.1108/vjikms-01-2022-0029
https://doi.org/10.1108/jic-01-2024-0025
https://doi.org/10.1108/jic-01-2024-0025
https://doi.org/10.1080/23311975.2023.2258614
https://doi.org/10.1007/s10676-024-09812-3
https://doi.org/10.1108/cg-06-2022-0276
https://doi.org/10.1108/cg-06-2022-0276


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

74 

 

Assad, F., Konstantinov, S., Patsavellas, J., & Salonitis, K. (2024). A framework for enabling 

metaverse for sustainable manufacturing. Procedia CIRP, 128, 108-113. 

https://doi.org/10.1016/j.procir.2024.06.010  

Ataei, P., Karimi, H., & Zarei, R. (2024). The role of entrepreneurial leadership, intellectual capital, 

innovativeness culture, and entrepreneurial orientation in entrepreneurial opportunity 

recognition by students. Journal of Open Innovation: Technology, Market, and Complexity, 

10(2). https://doi.org/10.1016/j.joitmc.2024.100265  

Athaide, G. A., Jeon, J., Raj, S. P., Sivakumar, K., & Xiong, G. (2024). Marketing innovations and 

digital technologies: A systematic review, proposed framework, and future research agenda. 

Journal of Product Innovation Management, 42(1), 144-165. 

https://doi.org/10.1111/jpim.12741  

Auerbach, P., & Green, F. (2024). Reformulating the Critique of Human Capital Theory. Journal of 

Economic Surveys, 39(5), 1839-1851. https://doi.org/10.1111/joes.12675  

Awode, S. S., & Oduola, M. O. (2024). The interplay between technological innovation and human 

capital development in driving industrial productivity and competitiveness in Africa. Journal 

of Economics and Development, 27(1), 56-71. https://doi.org/10.1108/jed-03-2024-0079  

Baber, H. (2023). Gender differences among university students towards sustainable entrepreneurship. 

Small Enterprise Research, 31(1), 39-55. https://doi.org/10.1080/13215906.2023.2293756  

Bagna, E., Cotta Ramusino, E., Denicolai, S., & Strange, R. (2024). Intangible assets and firm 

performance: The relative effects of recognized and unrecognized assets. Journal of Open 

Innovation: Technology, Market, and Complexity, 10(3). 

https://doi.org/10.1016/j.joitmc.2024.100356  

Bayram, V. (2024). Innovation Management and Innovation Strategies in Businesses. In New Strategy 

Models in Digital Entrepreneurship (pp. 243-254). IGI Global Scientific Publishing. 

https://doi.org/10.4018/979-8-3693-3743-1.ch012  

Belmonte da Silva, R., Fernández Jardón, C. M., & Veiga Avila, L. (2021). Effects of Structural 

Intellectual Capital on The Innovation Capacity of Public Administration. Journal of 

technology management & innovation, 16(3), 66-78. https://doi.org/10.4067/s0718-

27242021000300066  

Boo, C., & Suh, A. (2024). Developing scales for assessing metaverse characteristics and testing their 

utility. Computers in Human Behavior Reports, 13. https://doi.org/10.1016/j.chbr.2023.100366  

Cabrilo, S., Dahms, S., & Tsai, F.-S. (2024). Synergy between multidimensional intellectual capital 

and digital knowledge management: Uncovering innovation performance complexities. 

Journal of Innovation & Knowledge, 9(4). https://doi.org/10.1016/j.jik.2024.100568  

Cedrola, E., Kulaga, B., & Pomi, G. L. (2024). Blockchain: Technology Transforming the Fashion 

Industry. In Digital Transformation for Fashion and Luxury Brands (pp. 27-46). Springer. 

https://doi.org/10.1007/978-3-031-35589-9_2  

Cheung, M. L., Leung, W. K. S., Chang, L. M. K., Aw, E. C.-X., & Wong, R. Y. M. (2024). Immersive 

time in the metaverse and visits to the physical world: why not both? A holistic customer 

engagement framework. International Journal of Contemporary Hospitality Management, 

36(11), 3674-3703. https://doi.org/10.1108/ijchm-07-2023-0999  

Contreras, G. S., González, A. H., Fernández, M. I. S., Cepa, C. B. M., & Escobar, J. C. Z. (2022). 

The Importance of the Application of the Metaverse in Education. Modern Applied Science, 

16(3). https://doi.org/10.5539/mas.v16n3p34  

Daskalopoulou, I., Karakitsiou, A., & Thomakis, Z. (2023). Social Entrepreneurship and Social 

Capital: A Review of Impact Research. Sustainability, 15(6). 

https://doi.org/10.3390/su15064787  

David-West, O., Iheanachor, N., & Umukoro, I. O. (2019). Mobile money as a frugal innovation for 

the bottom of the pyramid – Cases of selected African countries. Africa Journal of 

Management, 5(3), 274-302. https://doi.org/10.1080/23322373.2019.1652023  

https://doi.org/10.1016/j.procir.2024.06.010
https://doi.org/10.1016/j.joitmc.2024.100265
https://doi.org/10.1111/jpim.12741
https://doi.org/10.1111/joes.12675
https://doi.org/10.1108/jed-03-2024-0079
https://doi.org/10.1080/13215906.2023.2293756
https://doi.org/10.1016/j.joitmc.2024.100356
https://doi.org/10.4018/979-8-3693-3743-1.ch012
https://doi.org/10.4067/s0718-27242021000300066
https://doi.org/10.4067/s0718-27242021000300066
https://doi.org/10.1016/j.chbr.2023.100366
https://doi.org/10.1016/j.jik.2024.100568
https://doi.org/10.1007/978-3-031-35589-9_2
https://doi.org/10.1108/ijchm-07-2023-0999
https://doi.org/10.5539/mas.v16n3p34
https://doi.org/10.3390/su15064787
https://doi.org/10.1080/23322373.2019.1652023


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

75 

 

Davies, J., Sharifi, H., Lyons, A., Forster, R., & Elsayed, O. K. S. M. (2024). Non-fungible tokens: 

The missing ingredient for sustainable supply chains in the metaverse age? Transportation 

Research Part E: Logistics and Transportation Review, 182. 

https://doi.org/10.1016/j.tre.2024.103412  

Diepolder, C. S., Weitzel, H., & Huwer, J. (2024). Exploring the Impact of Sustainable Entrepreneurial 

Role Models on Students’ Opportunity Recognition for Sustainable Development in 

Sustainable Entrepreneurship Education. Sustainability, 16(4). 

https://doi.org/10.3390/su16041484  

Dixit, K., Kumar, P., Aashish, K., & Zohair, M. (2025). Leveraging Social and Intellectual Capital for 

Social Entrepreneurship: A Model for Sustainable Business Practices in an Uncertain 

Environment. Journal of Risk and Financial Management, 18(2). 

https://doi.org/10.3390/jrfm18020046  

Dwivedi, Y. K., Rana, N. P., Jeyaraj, A., Clement, M., & Williams, M. D. (2017). Re-examining the 

Unified Theory of Acceptance and Use of Technology (UTAUT): Towards a Revised 

Theoretical Model. Information Systems Frontiers, 21(3), 719-734. 

https://doi.org/10.1007/s10796-017-9774-y  

Edeji, O. C. (2024). Neo-liberalism, human capital theory and the right to education: Economic 

interpretation of the purpose of education. Social Sciences & Humanities Open, 9. 

https://doi.org/10.1016/j.ssaho.2023.100734  

Egbengwu, V., Garn, W., & Turner, C. J. (2025). Metaverse for Manufacturing: Leveraging Extended 

Reality Technology for Human-Centric Production Systems. Sustainability, 17(1). 

https://doi.org/10.3390/su17010280  

Falcke, L., & Zobel, A.-K. (2024). Open Innovation’s Potential in the Metaverse: Leveraging Digital 

Features to Build Trust with Partners. California Management Review, 67(1), 21-44. 

https://doi.org/10.1177/00081256241258211  

Fernández-Caramés, T. M., & Fraga-Lamas, P. (2024). Forging the Industrial Metaverse for Industry 

5.0: Where Extended Reality, IIoT, Opportunistic Edge Computing, and Digital Twins Meet. 

IEEE Access, 12, 95778-95819. https://doi.org/10.1109/access.2024.3422109  

Fernandez-Jardón, C.-M., & Silva, A. F. C. d. (2020). Structural capital value addition to timber and 

related industries value chain. Revista de Administração da UFSM, 13(4), 895-917. 

https://doi.org/10.5902/1983465955325  

Florido-Benítez, L. (2024). Metaverse cannot be an extra marketing immersive tool to increase sales 

in tourism cities. International Journal of Tourism Cities, 10(3), 974-994. 

https://doi.org/10.1108/ijtc-01-2024-0001  

Freudenreich, B., Lüdeke-Freund, F., & Schaltegger, S. (2019). A Stakeholder Theory Perspective on 

Business Models: Value Creation for Sustainability. Journal of Business Ethics, 166(1), 3-18. 

https://doi.org/10.1007/s10551-019-04112-z  

Gallegos, J. A., Díaz-Contreras, C., Vega-Vargas, J., Arellano-Prada, R., & Blas-Yucra, M. (2021). 

The impact of intellectual capital on financial performance in Argentina, Chile and Peru. 

African Journal of Business Management, 15(9), 242-249. 

https://doi.org/10.5897/AJBM2021.9278  

Ghodbane, A., & Alwehabie, A. (2023). Academic Entrepreneurial Support, Social Capital, and Green 

Entrepreneurial Intention: Does Psychological Capital Matter for Young Saudi Graduates? 

Sustainability, 15(15). https://doi.org/10.3390/su151511827  

Habib, A. M., & Dalwai, T. (2023). Does the Efficiency of a Firm's Intellectual Capital and Working 

Capital Management Affect Its Performance? J Knowl Econ, 1-37. 

https://doi.org/10.1007/s13132-023-01138-7  

Hair, J., & Alamer, A. (2022). Partial Least Squares Structural Equation Modeling (PLS-SEM) in 

second language and education research: Guidelines using an applied example. Research 

Methods in Applied Linguistics, 1(3). https://doi.org/10.1016/j.rmal.2022.100027  

https://doi.org/10.1016/j.tre.2024.103412
https://doi.org/10.3390/su16041484
https://doi.org/10.3390/jrfm18020046
https://doi.org/10.1007/s10796-017-9774-y
https://doi.org/10.1016/j.ssaho.2023.100734
https://doi.org/10.3390/su17010280
https://doi.org/10.1177/00081256241258211
https://doi.org/10.1109/access.2024.3422109
https://doi.org/10.5902/1983465955325
https://doi.org/10.1108/ijtc-01-2024-0001
https://doi.org/10.1007/s10551-019-04112-z
https://doi.org/10.5897/AJBM2021.9278
https://doi.org/10.3390/su151511827
https://doi.org/10.1007/s13132-023-01138-7
https://doi.org/10.1016/j.rmal.2022.100027


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

76 

 

Hariyono, A., & Narsa, I. M. (2024). The value of intellectual capital in improving MSMEs’ 

competitiveness, financial performance, and business sustainability. Cogent Economics & 

Finance, 12(1). https://doi.org/10.1080/23322039.2024.2325834  

Harvey, J. F. (2025). Self-promotion in entrepreneurship: A driver for proactive adaptation. J Appl 

Psychol, 110(6), 859-875. https://doi.org/10.1037/apl0001250  

Hassan, S. S., Meisner, K., Krause, K., Bzhalava, L., & Moog, P. (2023). Is digitalization a source of 

innovation? Exploring the role of digital diffusion in SME innovation performance. Small 

Business Economics, 62(4), 1469-1491. https://doi.org/10.1007/s11187-023-00826-7  

Hazrat, M. A., Hassan, N. M. S., Chowdhury, A. A., Rasul, M. G., & Taylor, B. A. (2023). Developing 

a Skilled Workforce for Future Industry Demand: The Potential of Digital Twin-Based 

Teaching and Learning Practices in Engineering Education. Sustainability, 15(23). 

https://doi.org/10.3390/su152316433  

Hu, G.-G. (2021). Is knowledge spillover from human capital investment a catalyst for technological 

innovation? The curious case of fourth industrial revolution in BRICS economies. 

Technological Forecasting and Social Change, 162. 

https://doi.org/10.1016/j.techfore.2020.120327  

Ibidunni, A. S., Ufua, D. E., & Opute, A. P. (2021). Linking disruptive innovation to sustainable 

entrepreneurship within the context of small and medium firms: A focus on Nigeria. African 

Journal of Science, Technology, Innovation and Development, 14(6), 1591-1607. 

https://doi.org/10.1080/20421338.2021.1975355  

Isah Leontes, N., & Hoole, C. (2024). Human Capital Beyond Economics: Multidimensional Insights 

and Implications for the Hospitality Industry. International Journal of Tourism, Archaeology 

and Hospitality, 4(2), 149-162. https://doi.org/10.21608/ijtah.2024.282566.1127  

Ismail, M. D., Ahmad, S. Z., & Singh, S. K. (2024). Absorptive capacity, relational capital and export 

performance among SME exporters: the moderating effect of contract. Journal of Knowledge 

Management, 28(7), 2120-2139. https://doi.org/10.1108/jkm-02-2023-0144  

Jauhiainen, J. S. (2024). The Metaverse: Innovations and generative AI. International Journal of 

Innovation Studies, 8(3), 262-272. https://doi.org/10.1016/j.ijis.2024.04.004  

Jeon, J., & Lee, E.-J. (2024). A study on the impact of fashion brand Metaverse platform characteristics 

on perceived avatar identity and user purchase intention. International Journal of Advanced 

Culture Technology, 12(3), 406-418.  

Jerin, I., Jantan, A. H., & Hamid, A. B. A. (2025). Intention to adopt next-level technology in food and 

beverage manufacturing smes in bangladesh: Utaut model and business continuity theory. 

Journal of Information Technology Management, 17(1), 33-57. 

https://doi.org/10.22059/jitm.2025.99922  

Jordao, R. V. D., & Novas, J. C. (2022). Information and Knowledge Management, Intellectual 

Capital, and Sustainable Growth in Networked Small and Medium Enterprises. J Knowl Econ, 

1-33. https://doi.org/10.1007/s13132-022-01043-5  

Khalequzzaman, M., Wang, S., Zhang, N., & Wang, L. (2025). Integrating HR, Intellectual Capital, 

Ambidextrous Innovation, and Environmental Regulation for Sustainable Success in 

Bangladesh’s Manufacturing Industry. Systems, 13(2). 

https://doi.org/10.3390/systems13020099  

Khan, A. N., Mehmood, K., & Kwan, H. K. (2024). Green knowledge management: A key driver of 

green technology innovation and sustainable performance in the construction organizations. 

Journal of Innovation & Knowledge, 9(1). https://doi.org/10.1016/j.jik.2023.100455  

Kim, J. (2021). Advertising in the Metaverse: Research Agenda. Journal of Interactive Advertising, 

21(3), 141-144. https://doi.org/10.1080/15252019.2021.2001273  

Kim, M., & Yoo, H.-Y. (2024). Identification of Key Service Features for Evaluating the Quality of 

Metaverse Services: A Text Mining Approach. IEEE Access, 12, 6719-6728. 

https://doi.org/10.1109/access.2024.3352008  

https://doi.org/10.1080/23322039.2024.2325834
https://doi.org/10.1037/apl0001250
https://doi.org/10.1007/s11187-023-00826-7
https://doi.org/10.3390/su152316433
https://doi.org/10.1016/j.techfore.2020.120327
https://doi.org/10.1080/20421338.2021.1975355
https://doi.org/10.21608/ijtah.2024.282566.1127
https://doi.org/10.1108/jkm-02-2023-0144
https://doi.org/10.1016/j.ijis.2024.04.004
https://doi.org/10.22059/jitm.2025.99922
https://doi.org/10.1007/s13132-022-01043-5
https://doi.org/10.3390/systems13020099
https://doi.org/10.1016/j.jik.2023.100455
https://doi.org/10.1080/15252019.2021.2001273
https://doi.org/10.1109/access.2024.3352008


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

77 

 

Kimuam, K., Berggren, B., & Faradynawati, I. A. A. (2025). Capital Structure Decisions in Swedish 

Biotechnology Firms: The Role of Intellectual Capital and Innovation Activities. International 

Journal of Financial Studies, 13(1). https://doi.org/10.3390/ijfs13010043  

Kour, R., Karim, R., Venkatesh, S. N., & Kumar, U. (2025). Metaverse in industrial contexts - a 

comprehensive review. Frontiers in Virtual Reality, 6. 

https://doi.org/10.3389/frvir.2025.1488926  

Kromidha, E., Taheri, B., Kraus, S., & Malodia, S. (2025). The metaverse as an opportunity for 

entrepreneurship and innovation. The International Journal of Entrepreneurship and 

Innovation, 26(1), 3-11. https://doi.org/10.1177/14657503251314627  

Kruachottiku, P., Phanomchoeng, G., Cooharojananone, N., Kovitanggoon, K., & Tea-makorn, P. 

(2023). ChulaVerse: University metaverse service application using open innovation with 

industry partners. 2023 IEEE International Conference on Industrial Engineering and 

Engineering Management (IEEM),  

Kusi-Sarpong, S., Mubarik, M. S., Khan, S. A., Brown, S., & Mubarak, M. F. (2022). Intellectual 

capital, blockchain-driven supply chain and sustainable production: Role of supply chain 

mapping. Technological Forecasting and Social Change, 175. 

https://doi.org/10.1016/j.techfore.2021.121331  

Labovitz, J., & Hubbard, C. (2020). The Use of Virtual Reality in Podiatric Medical Education. Clin 

Podiatr Med Surg, 37(2), 409-420. https://doi.org/10.1016/j.cpm.2019.12.008  

Latino, M. E., De Lorenzi, M. C., Corallo, A., & Petruzzelli, A. M. (2024). The impact of metaverse 

for business model innovation: A review, novel insights and research directions. Technological 

Forecasting and Social Change, 206. https://doi.org/10.1016/j.techfore.2024.123571  

Lavín Verástegui, J. (2020). El capital estructural y su relación con el desempeño en educación 

superior. RIDE Revista Iberoamericana para la Investigación y el Desarrollo Educativo, 

10(20). https://doi.org/10.23913/ride.v10i20.662  

Lim, C., Ratan, R., Foxman, M., Meshi, D., Liu, H., Hales, G. E., & Lei, Y. S. (2024). An Avatar's 

worth in the metaverse workplace: Assessing predictors of avatar customization valuation. 

Computers in Human Behavior, 158. https://doi.org/10.1016/j.chb.2024.108309  

Long, S., & Liao, Z. (2022). Green relational capital, integration capabilities and environmental 

innovation adoption: The moderating role of normative pressures. Sustainable Development, 

31(3), 1570-1580. https://doi.org/10.1002/sd.2467  

Lüdeke‐Freund, F. (2019). Sustainable entrepreneurship, innovation, and business models: Integrative 

framework and propositions for future research. Business Strategy and the Environment, 29(2), 

665-681. https://doi.org/10.1002/bse.2396  

Lyu, Z. (2023). State-of-the-Art Human-Computer-Interaction in Metaverse. International Journal of 

Human–Computer Interaction, 40(21), 6690-6708. 

https://doi.org/10.1080/10447318.2023.2248833  

Lyu, Z., & Fridenfalk, M. (2024). Digital twins for building industrial metaverse. J Adv Res, 66, 31-

38. https://doi.org/10.1016/j.jare.2023.11.019  

Ma, Y., Al Mamun, A., Masukujjaman, M., & Ja’afar, R. (2025). Modeling the significance of unified 

theory of acceptance and use of technology in predicting the intention and usage of eCNY. 

Financial Innovation, 11(1). https://doi.org/10.1186/s40854-024-00712-5  

Madhala, P., Li, H., & Helander, N. (2024). Developing data analytics capabilities: integrating the 

information systems success model and the resource-based view. Industrial Management & 

Data Systems, 124(7), 2364-2387. https://doi.org/10.1108/imds-09-2023-0653  

Mahmood, T., & Mubarik, M. S. (2020). Balancing innovation and exploitation in the fourth industrial 

revolution: Role of intellectual capital and technology absorptive capacity. Technol Forecast 

Soc Change, 160, 120248. https://doi.org/10.1016/j.techfore.2020.120248  

https://doi.org/10.3390/ijfs13010043
https://doi.org/10.3389/frvir.2025.1488926
https://doi.org/10.1177/14657503251314627
https://doi.org/10.1016/j.techfore.2021.121331
https://doi.org/10.1016/j.cpm.2019.12.008
https://doi.org/10.1016/j.techfore.2024.123571
https://doi.org/10.23913/ride.v10i20.662
https://doi.org/10.1016/j.chb.2024.108309
https://doi.org/10.1002/sd.2467
https://doi.org/10.1002/bse.2396
https://doi.org/10.1080/10447318.2023.2248833
https://doi.org/10.1016/j.jare.2023.11.019
https://doi.org/10.1186/s40854-024-00712-5
https://doi.org/10.1108/imds-09-2023-0653
https://doi.org/10.1016/j.techfore.2020.120248


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

78 

 

Maier, D., Maier, A., Așchilean, I., Anastasiu, L., & Gavriș, O. (2020). The Relationship between 

Innovation and Sustainability: A Bibliometric Review of the Literature. Sustainability, 12(10). 

https://doi.org/10.3390/su12104083  

Markopoulos, E., Selma Kirane, I., & Vanharanta, H. (2022). Metaverstic Innovation Management: 

The World Innovation Stock Exchange Democratic Incubator. Creativity, Innovation and 

Entrepreneurship,  

Martins, C., Oliveira, T., & Popovič, A. (2014). Understanding the Internet banking adoption: A 

unified theory of acceptance and use of technology and perceived risk application. 

International Journal of Information Management, 34(1), 1-13. 

https://doi.org/10.1016/j.ijinfomgt.2013.06.002  

Mehralian, G., Farzaneh, M., Yousefi, N., & Haloub, R. (2024). Driving new product development 

performance: Intellectual capital antecedents and the moderating role of innovation culture. 

Journal of Innovation & Knowledge, 9(3). https://doi.org/10.1016/j.jik.2024.100503  

Mele, C., Russo Spena, T., & Russo, S. P. (2024). Experimenting on the metaverse to foster innovation. 

Spanish Journal of Marketing - ESIC, 29(3), 270-292. https://doi.org/10.1108/sjme-05-2023-

0117  

Melnyk, L., Kubatko, O., Matsenko, O., Balatskyi, Y., & Serdyukov, K. (2021). Transformation of the 

human capital reproduction in line with Industries 4.0 and 5.0. Problems and Perspectives in 

Management, 19(2), 480-494. https://doi.org/10.21511/ppm.19(2).2021.38  

Meng, H., Ding, J., Wang, H., Zhang, Z., Yao, X., & Ning, H. (2025). Blockchain Enabled Metaverse: 

Development and Applications. Tsinghua Science and Technology, 30(4), 1552-1582. 

https://doi.org/10.26599/tst.2024.9010054  

Mokhlis, C. E., & Diop, Y. (2024). Proposal of an Interrelation Model between the Components of 

Intellectual Capital in their Contribution to Value Creation. TWIST, 19(2), 522-534.  

Morone, G., Ciancarelli, I., Calabro, R. S., Cerasa, A., Iosa, M., & Gimigliano, F. (2025). 

MetaRehabVerse: The Great Opportunity to Put the Person's Functioning and Participation at 

the Center of Healthcare. Neurorehabil Neural Repair, 39(3), 241-255. 

https://doi.org/10.1177/15459683241309587  

Moustapha, F. A., Ertz, M., & Ouerghemmi, C. (2024). Virtual Tasting in the Metaverse: 

Technological Advances and Consumer Behavior Impacts. Multimodal Technologies and 

Interaction, 8(10). https://doi.org/10.3390/mti8100092  

Mukaro, C. T., Deka, A., & Rukani, S. (2023). The influence of intellectual capital on organizational 

performance. Future Business Journal, 9(1). https://doi.org/10.1186/s43093-023-00208-1  

Mukherjee, U., Raj, B., & Arora, D. (2025). Leveraging the Metaverse for Inclusive Workplaces: 

Opening the Research Agenda. In The Future of HRM in a World of Persistent Virtual Reality 

(pp. 69-85). https://doi.org/10.1108/978-1-83662-110-220251003  

Mulatsih, S. N. (2025). Green intellectual capital and eco-innovation in shaping sustainable financial 

performance: Evidence from Indonesia. Social Sciences & Humanities Open, 11. 

https://doi.org/10.1016/j.ssaho.2025.101345  

Nah, F. F.-H., Eschenbrenner, B., & Chen, L. (2025). Flowing together or alone: Impact of 

collaboration in the metaverse. Decision Support Systems, 188. 

https://doi.org/10.1016/j.dss.2024.114346  

Nawangsari, L. C., Siswanti, I., Arijanto, A., & Wahyu, M. (2024). From Knowledge to Action: 

Exploring Green Intellectual Capital’s Role in Sustainable Organizational Performance for 

Millennials. International Review of Management and Marketing, 15(1), 82-90. 

https://doi.org/10.32479/irmm.17546  

Nguyen, H.-S., & Voznak, M. (2024). A Bibliometric Analysis of Technology in Digital Health: 

Exploring Health Metaverse and Visualizing Emerging Healthcare Management Trends. IEEE 

Access, 12, 23887-23913. https://doi.org/10.1109/access.2024.3363165  

https://doi.org/10.3390/su12104083
https://doi.org/10.1016/j.ijinfomgt.2013.06.002
https://doi.org/10.1016/j.jik.2024.100503
https://doi.org/10.1108/sjme-05-2023-0117
https://doi.org/10.1108/sjme-05-2023-0117
https://doi.org/10.21511/ppm.19(2).2021.38
https://doi.org/10.26599/tst.2024.9010054
https://doi.org/10.1177/15459683241309587
https://doi.org/10.3390/mti8100092
https://doi.org/10.1186/s43093-023-00208-1
https://doi.org/10.1108/978-1-83662-110-220251003
https://doi.org/10.1016/j.ssaho.2025.101345
https://doi.org/10.1016/j.dss.2024.114346
https://doi.org/10.32479/irmm.17546
https://doi.org/10.1109/access.2024.3363165


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

79 

 

Nneka Adaobi, O., Favour Oluwadamilare, U., Olukunle Oladipupo, A., Enyinaya Stefano, O., & 

Olatunji, A. (2024). Innovations in Business Models through Strategic Analytics and 

Management: Conceptual Exploration for Sustainable Growth. International Journal of 

Management & Entrepreneurship Research, 6(3), 554-566. 

https://doi.org/10.51594/ijmer.v6i3.844  

Oliko, A. M., K’Obonyo, P., Munjuri, M., & Kidombo, H. (2024). Influence of Intellectual Capital on 

Performance of Large Manufacturing Firms in Kenya. Journal of Strategic Management, 8(2), 

61-71. https://doi.org/10.53819/81018102t2417  

Omar, M. K., Yusoff, Y. M., & Zaman, M. D. K. (2019). The Effect of Organizational Learning 

Capability as a Mediating Variable in the Relationship between Green Intellectual Capital and 

Business Sustainability: Evidence from the Manufacturing Sector. International Journal of 

Academic Research in Business and Social Sciences, 9(6). 

https://doi.org/10.6007/IJARBSS/v9-i6/5974  

Osei Opoku, E. E., Acheampong, A. O., Dogah, K. E., & Koomson, I. (2024). Energy innovation 

investment and renewable energy in OECD countries. Energy Strategy Reviews, 54. 

https://doi.org/10.1016/j.esr.2024.101462  

Ovechkin, D., Boldyreva, N., & Davydenko, V. (2020). Intellectual capital and value: testing new IC 

measures in Russia. Journal of Economic Studies, 48(6), 1111-1127. 

https://doi.org/10.1108/jes-05-2020-0226  

Paetow, T., Wichmann, J., Leyer, M., & Schmolke, M. (2025). Towards future of work in immersive 

environments and its impact on the Quality of Working Life: a scoping review. i-com, 24(1), 

283-305. https://doi.org/10.1515/icom-2024-0019  

Paoloni, P., Massaro, M., Dal Mas, F., & Bagnoli, C. (2022). Microfoundations of intellectual capital. 

Evidence from Italian small accounting firms. Knowledge Management Research & Practice, 

21(4), 725-737. https://doi.org/10.1080/14778238.2021.2023676  

Phonthanukitithaworn, C., Srisathan, W. A., & Naruetharadhol, P. (2024). Revolutionizing waste 

management: Harnessing citizen-driven innovators through open innovation to enhance the 

5Rs of circular economy. Journal of Open Innovation: Technology, Market, and Complexity, 

10(3). https://doi.org/10.1016/j.joitmc.2024.100342  

Pillay, S. S., Candela, P., Croghan, I. T., Hurt, R. T., Bonnes, S. L., Ganesh, R., & Bauer, B. A. (2024). 

Leveraging the Metaverse for Enhanced Longevity as a Component of Health 4.0. Mayo Clin 

Proc Digit Health, 2(1), 139-151. https://doi.org/10.1016/j.mcpdig.2024.01.007  

Pitelis, C. N., Teece, D. J., & Yang, H. (2023). Dynamic Capabilities and MNE Global Strategy: A 

Systematic Literature Review‐Based Novel Conceptual Framework. Journal of Management 

Studies. https://doi.org/10.1111/joms.13021  

Pizzolante, M., Borghesi, F., Sarcinella, E., Bartolotta, S., Salvi, C., Cipresso, P.,…Chirico, A. (2023). 

Awe in the metaverse: Designing and validating a novel online virtual-reality awe-inspiring 

training. Computers in Human Behavior, 148. https://doi.org/10.1016/j.chb.2023.107876  

Presutti, M., Cappiello, G., & Johanson, M. (2020). Analysing Social Capital and Product 

Innovativeness in the Relationship Evolution of Born-Global Companies the Mediating Role 

of Knowledge Acquisition. International Entrepreneurship and Management Journal, 18(3), 

1347-1371. https://doi.org/10.1007/s11365-020-00663-0  

Prusak, R., & Kardas, E. (2024). The Analysis of Mutual Relations and Dependencies of Intellectual 

Capital Components in Polish Enterprises in the Context of Sustainability Goals. 

Sustainability, 16(18). https://doi.org/10.3390/su16187994  

Qin, W. (2024). How to unleash frugal innovation through internet of things and artificial intelligence: 

Moderating role of entrepreneurial knowledge and future challenges. Technological 

Forecasting and Social Change, 202. https://doi.org/10.1016/j.techfore.2024.123286  

https://doi.org/10.51594/ijmer.v6i3.844
https://doi.org/10.53819/81018102t2417
https://doi.org/10.6007/IJARBSS/v9-i6/5974
https://doi.org/10.1016/j.esr.2024.101462
https://doi.org/10.1108/jes-05-2020-0226
https://doi.org/10.1515/icom-2024-0019
https://doi.org/10.1080/14778238.2021.2023676
https://doi.org/10.1016/j.joitmc.2024.100342
https://doi.org/10.1016/j.mcpdig.2024.01.007
https://doi.org/10.1111/joms.13021
https://doi.org/10.1016/j.chb.2023.107876
https://doi.org/10.1007/s11365-020-00663-0
https://doi.org/10.3390/su16187994
https://doi.org/10.1016/j.techfore.2024.123286


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

80 

 

Quang, L. N., & Tuamsuk, K. (2024). Knowledge Management Approach in the Non-Profit Sector. In 

Encyclopedia of Information Science and Technology, Sixth Edition (pp. 1-21). IGI Global 

Scientific Publishing. https://doi.org/10.4018/978-1-6684-7366-5.ch006  

Radanliev, P., De Roure, D., Novitzky, P., & Sluganovic, I. (2024). Accessibility and inclusiveness of 

new information and communication technologies for disabled users and content creators in 

the Metaverse. Disabil Rehabil Assist Technol, 19(5), 1849-1863. 

https://doi.org/10.1080/17483107.2023.2241882  

Radha, R., Devi, G. G., Dhanaraj, R. K., & Elngar, A. A. (2025). Introduction to Transformation of 

Blockchain-Based Digital Twins. In Blockchain-Based Digital Twins (pp. 1-35). Apple 

Academic Press.  

Rafique, W., & Qadir, J. (2024). Internet of everything meets the metaverse: Bridging physical and 

virtual worlds with blockchain. Computer Science Review, 54. 

https://doi.org/10.1016/j.cosrev.2024.100678  

Ramadana, M., Masnita, Y., Yusran, H. L., & Jurnali, T. (2025). Green Intellectual Capital and 

Innovation: Keys to Sustainable Environmental Performance in Manufacturing. International 

Journal of Scientific Research and Management (IJSRM), 13(04), 8788-8799. 

https://doi.org/10.18535/ijsrm/v13i04.em12  

Ramírez-Solis, E. R., Llonch-Andreu, J., & Malpica-Romero, A. D. (2022). Relational capital and 

strategic orientations as antecedents of innovation: evidence from Mexican SMEs. Journal of 

Innovation and Entrepreneurship, 11(1). https://doi.org/10.1186/s13731-022-00235-2  

Rawat, D. B., & El Alami, H. (2023). Metaverse: Requirements, Architecture, Standards, Status, 

Challenges, and Perspectives. IEEE Internet of Things Magazine, 6(1), 14-18. 

https://doi.org/10.1109/iotm.001.2200258  

Rehman, S. U., Bresciani, S., Ashfaq, K., & Alam, G. M. (2021). Intellectual capital, knowledge 

management and competitive advantage: a resource orchestration perspective. Journal of 

Knowledge Management, 26(7), 1705-1731. https://doi.org/10.1108/jkm-06-2021-0453  

Saleem, I., Al-Breiki, N. S. S., & Asad, M. (2024). The nexus of artificial intelligence, frugal 

innovation and business model innovation to nurture internationalization: A survey of SME's 

readiness. Journal of Open Innovation: Technology, Market, and Complexity, 10(3). 

https://doi.org/10.1016/j.joitmc.2024.100326  

Saman, M. G. (2025). Shifting Communication through Virtual Influencers Driven Metaverse 

Revolution. Journal of Communication & Public Relations, 4(1), 118-139. 

https://doi.org/10.37535/105004120257  

Saridakis, G., Khan, Z., Knight, G., Idris, B., Mitra, J., & Khan, H. (2024). A Look into the Future: 

The Impact of Metaverse on Traditional Theories and Thinking in International Business. 

Management International Review, 64(4), 597-632. https://doi.org/10.1007/s11575-024-

00550-8  

Sarma, S., Attaran, S., & Attaran, M. (2022). Sustainable entrepreneurship: Factors influencing 

opportunity recognition and exploitation. The International Journal of Entrepreneurship and 

Innovation, 25(1), 56-69. https://doi.org/10.1177/14657503221093007  

Sayed, O. A., & Nefzi, A. (2024). The Impact of Intellectual Capital on Sustainable Performance: 

Banking Sector in Saudi Arabia. Sustainability, 16(11). https://doi.org/10.3390/su16114528  

Secundo, G., Rippa, P., & Cerchione, R. (2020). Digital Academic Entrepreneurship: A structured 

literature review and avenue for a research agenda. Technological Forecasting and Social 

Change, 157. https://doi.org/10.1016/j.techfore.2020.120118  

Seo, J., Ko, H., & Park, S. (2024). Space Authentication in the Metaverse: A Blockchain-Based User-

Centric Approach. IEEE Access, 12, 18703-18713. 

https://doi.org/10.1109/access.2024.3357938  

Shahbaz, M. H., Ahmad, S., & Malik, S. A. (2024). Green intellectual capital heading towards green 

innovation and environmental performance: assessing the moderating effect of green creativity 

https://doi.org/10.4018/978-1-6684-7366-5.ch006
https://doi.org/10.1080/17483107.2023.2241882
https://doi.org/10.1016/j.cosrev.2024.100678
https://doi.org/10.18535/ijsrm/v13i04.em12
https://doi.org/10.1186/s13731-022-00235-2
https://doi.org/10.1109/iotm.001.2200258
https://doi.org/10.1108/jkm-06-2021-0453
https://doi.org/10.1016/j.joitmc.2024.100326
https://doi.org/10.37535/105004120257
https://doi.org/10.1007/s11575-024-00550-8
https://doi.org/10.1007/s11575-024-00550-8
https://doi.org/10.1177/14657503221093007
https://doi.org/10.3390/su16114528
https://doi.org/10.1016/j.techfore.2020.120118
https://doi.org/10.1109/access.2024.3357938


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

81 

 

in SMEs of Pakistan. International Journal of Innovation Science, 17(3), 683-704. 

https://doi.org/10.1108/ijis-08-2023-0169  

Shahbaz, M. H., & Malik, S. A. (2025). Driving firm performance with green intellectual capital: the 

key role of business sustainability in SMEs. Journal of Intellectual Capital, 26(3), 691-715. 

https://doi.org/10.1108/jic-07-2024-0211  

Shahid, M. S., Hossain, M., Shahid, S., & Anwar, T. (2023). Frugal innovation as a source of 

sustainable entrepreneurship to tackle social and environmental challenges. Journal of Cleaner 

Production, 406. https://doi.org/10.1016/j.jclepro.2023.137050  

Siska Yuli, A., Yuntina, L., Sundari, P., Sugiarti, S., & Eko Widodo, R. (2024). Human Resource 

Business Partners: HR Strategy, Business Model and Leadership (Literature Review). Siber 

Journal of Advanced Multidisciplinary, 2(2), 180-193. https://doi.org/10.38035/sjam.v2i2.161  

Smith, H. (2024). The metaverse-industrial complex. Information, Communication & Society, 28(5), 

797-814. https://doi.org/10.1080/1369118x.2024.2423346  

Song, J. (2024). Corporate ESG performance and human capital investment efficiency. Finance 

Research Letters, 62. https://doi.org/10.1016/j.frl.2024.105239  

Stewart, T. A. (1997). Intellectual Capital: The New Wealth of Organizations. Bantam Doubleday Dell 

Publishing Group.  

Sugianto, N. A. P., Pratama, B. C., Hariyanto, E., & Hapsari, I. (2023). The mediating role of 

knowledge sharing in the relationship between human capital, structural capital, spiritual 

capital, and MSMEs innovation. Journal of Enterprise and Development, 6(1), 64-76. 

https://doi.org/10.20414/jed.v6i1.8469  

Sze, L. B., Salo, J., & Tan, T. M. (2024). Sustainable innovation in the metaverse: Blockchain's role 

in new business models. Digital Business, 4(2). https://doi.org/10.1016/j.digbus.2024.100086  

Tekala, K., Baradarani, S., Alzubi, A., & Berberoğlu, A. (2024). Green Entrepreneurship for Business 

Sustainability: Do Environmental Dynamism and Green Structural Capital Matter? 

Sustainability, 16(13). https://doi.org/10.3390/su16135291  

Terán-Yépez, E., Marín-Carrillo, G. M., Casado-Belmonte, M. P., & Capobianco-Uriarte, M. d. l. M. 

(2020). The Role of Innovation in Sustainable Entrepreneurship. In Building an 

Entrepreneurial and Sustainable Society (pp. 1-27). IGI Global Scientific Publishing. 

https://doi.org/10.4018/978-1-7998-2704-7.ch001  

Tian, G., Li, B., & Cheng, Y. (2022). Does digital transformation matter for corporate risk-taking? 

Finance Research Letters, 49. https://doi.org/10.1016/j.frl.2022.103107  

Trivedi, K., & Srivastava, K. B. L. (2023). The impact of intellectual capital-enhancing HR practices 

and culture on innovativeness—mediating role of knowledge management processes. Journal 

of Organizational Effectiveness: People and Performance, 11(3), 573-593. 

https://doi.org/10.1108/joepp-05-2023-0174  

Truong, B. T. T., & Nguyen, P. V. (2024). Driving business performance through intellectual capital, 

absorptive capacity, and innovation: The mediating influence of environmental compliance and 

innovation. Asia Pacific Management Review, 29(1), 64-75. 

https://doi.org/10.1016/j.apmrv.2023.06.004  

Vale, J., Miranda, R., Azevedo, G., & Tavares, M. C. (2022). The Impact of Sustainable Intellectual 

Capital on Sustainable Performance: A Case Study. Sustainability, 14(8). 

https://doi.org/10.3390/su14084382  

Vargas-Atencio, Y., Acosta-Prado, J. C., & Tafur-Mendoza, A. A. (2024). Intellectual capital 

measurement in higher education institutions context from the professors perspective. 

Knowledge Management & E-Learning: An International Journal, 16(2), 334-354. 

https://doi.org/10.34105/j.kmel.2024.16.016  

Venkatesh, V., Thong, J. Y. L., & Xu, X. (2012). Consumer Acceptance and Use of Information 

Technology: Extending the Unified Theory of Acceptance and Use of Technology1. MIS 

Quarterly, 36(1), 157-178. https://doi.org/10.2307/41410412  

https://doi.org/10.1108/ijis-08-2023-0169
https://doi.org/10.1108/jic-07-2024-0211
https://doi.org/10.1016/j.jclepro.2023.137050
https://doi.org/10.38035/sjam.v2i2.161
https://doi.org/10.1080/1369118x.2024.2423346
https://doi.org/10.1016/j.frl.2024.105239
https://doi.org/10.20414/jed.v6i1.8469
https://doi.org/10.1016/j.digbus.2024.100086
https://doi.org/10.3390/su16135291
https://doi.org/10.4018/978-1-7998-2704-7.ch001
https://doi.org/10.1016/j.frl.2022.103107
https://doi.org/10.1108/joepp-05-2023-0174
https://doi.org/10.1016/j.apmrv.2023.06.004
https://doi.org/10.3390/su14084382
https://doi.org/10.34105/j.kmel.2024.16.016
https://doi.org/10.2307/41410412


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

82 

 

Villa, L. E. L., Zumba, A. d. R. C., Orozco, F. M. B., & Pazmiño, M. F. O. (2023). Valuation of 

Intellectual Capital: An Empirical Analysis of Human Capital in SMEs in Ecuador. 

International Journal of Professional Business Review, 8(12). 

https://doi.org/10.26668/businessreview/2023.v8i12.4178  

Villanueva-Flores, M., Hernández-Roque, D., Fernández-Alles, M., & Diaz-Fernandez, M. (2022). 

The international orientation of academic entrepreneurship: the role of relational, human and 

psychological capital. Journal of Intellectual Capital, 24(3), 683-709. 

https://doi.org/10.1108/jic-06-2021-0157  

Wang, G., Zhang, Z., Nandhakumar, J., & Manoharan, N. (2025). Everyday Metaverse: The Metaverse 

as an Integral Part of Everyday Life. Journal of Management Information Systems, 42(1), 310-

342. https://doi.org/10.1080/07421222.2025.2455772  

Wang, P. P., Zhang, R., & Zhang, Q. (2024). The effect of intellectual capital and venture capital on 

enterprise values: evidence from China. China Accounting and Finance Review, 26(5), 626-

644. https://doi.org/10.1108/cafr-02-2024-0015  

Wang, Y., Zhu, M., Chen, X., Liu, R., Ge, J., Song, Y., & Yu, G. (2024). The application of metaverse 

in healthcare. Front Public Health, 12, 1420367. https://doi.org/10.3389/fpubh.2024.1420367  

Wen, H., Zhou, B., Zheng, X., Cai, G., Liu, S., Ding, W., & Zhang, X. (2025). A framework for 

developing mining emergency drill systems leveraging industrial metaverse technology. 

Digital Engineering, 5. https://doi.org/10.1016/j.dte.2024.100027  

Williams, M. D., Rana, N. P., & Dwivedi, Y. K. (2015). The unified theory of acceptance and use of 

technology (UTAUT): a literature review. Journal of Enterprise Information Management, 

28(3), 443-488. https://doi.org/10.1108/jeim-09-2014-0088  

Winta, K., & Fibry Jati, N. (2024). Gereja Metaverse: Tugas Gereja dalam Pelaksanaan Amanat 

Agung. Sabar : Jurnal Pendidikan Agama Kristen dan Katolik, 2(1), 01-18. 

https://doi.org/10.61132/sabar.v2i1.326  

Wu, K., Zhao, X., Wang, X., Chen, X., Hung, T.-K., Wang, Z., & Lee, S.-C. (2023). The Impact of 

Entrepreneurial Resilience on the Entrepreneurial Intention of Return Migrants: An Empirical 

Study Based on Survey Data From Multiple Provinces in China. Sage Open, 13(2). 

https://doi.org/10.1177/21582440231182654  

Xi, N., Chen, J., Gama, F., Korkeila, H., & Hamari, J. (2024). Acceptance of the metaverse: 

a laboratory experiment on augmented and virtual reality shopping. Internet Research, 34(7), 

82-117. https://doi.org/10.1108/intr-05-2022-0334  

Xu, J., & Wang, B. (2018). Intellectual Capital, Financial Performance and Companies’ Sustainable 

Growth: Evidence from the Korean Manufacturing Industry. Sustainability, 10(12). 

https://doi.org/10.3390/su10124651  

Xue, L., Rashid, A. M., & Ouyang, S. (2024). The Unified Theory of Acceptance and Use of 

Technology (UTAUT) in Higher Education: A Systematic Review. Sage Open, 14(1). 

https://doi.org/10.1177/21582440241229570  

Yaseen, M. M., Alsharif, F. H., Altaf, R. A., Asiri, T. W., Bagies, R. M., Alharbi, S. B., & Altaf, B. 

A. (2025). Assessing Nurses' Knowledge Regarding the Application of Artificial Intelligence 

Among Nursing Practice. Nurs Res Pract, 2025, 9371969. 

https://doi.org/10.1155/nrp/9371969  

Yazıcı, A. M., Özkan, A., & Özkan, H. (2024). Meta: XR-AR-MR and Mirror World Technologies 

Business Impact of Metaverse. Journal of Metaverse, 4(1), 21-32. 

https://doi.org/10.57019/jmv.1344489  

Yoşumaz, İ. (2024). Industrial Metaverse as a New Component of Digital Transformation: A 

Bibliometric Analysis. Bilişim Teknolojileri Dergisi, 17(4), 251-265. 

https://doi.org/10.17671/gazibtd.1487061  

https://doi.org/10.26668/businessreview/2023.v8i12.4178
https://doi.org/10.1108/jic-06-2021-0157
https://doi.org/10.1080/07421222.2025.2455772
https://doi.org/10.1108/cafr-02-2024-0015
https://doi.org/10.3389/fpubh.2024.1420367
https://doi.org/10.1016/j.dte.2024.100027
https://doi.org/10.1108/jeim-09-2014-0088
https://doi.org/10.61132/sabar.v2i1.326
https://doi.org/10.1177/21582440231182654
https://doi.org/10.1108/intr-05-2022-0334
https://doi.org/10.3390/su10124651
https://doi.org/10.1177/21582440241229570
https://doi.org/10.1155/nrp/9371969
https://doi.org/10.57019/jmv.1344489
https://doi.org/10.17671/gazibtd.1487061


Thabit et al.                      UrNammu Journal of Business, Accounting and Technology Management 

83 

 

Yuksel, A. (2024). Relationship between human capital and entrepreneurship orientation from the 

intellectual capital perspective of innovative literacy. Journal of Intellectual Capital, 25(5/6), 

1259-1284. https://doi.org/10.1108/jic-12-2023-0285  

Zamboni, F., Paoloni, P., Cavazza, A., & Dal Mas, F. (2024). Virtual relational capital for business 

development: a case study. VINE Journal of Information and Knowledge Management 

Systems, 56(1), 1-18. https://doi.org/10.1108/vjikms-06-2024-0226  

Zhang, H., Lv, Y., Zhang, J. Z., Hollebeek, L. D., Behl, A., & Urbonavicius, S. (2025). Exploring 

purchase intention in metaverse retailing: Insights from an automotive platform. Journal of 

Retailing and Consumer Services, 82. https://doi.org/10.1016/j.jretconser.2024.104144  

 

https://doi.org/10.1108/jic-12-2023-0285
https://doi.org/10.1108/vjikms-06-2024-0226
https://doi.org/10.1016/j.jretconser.2024.104144

