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 The international transfer of high technologies plays a pivotal role in 

the transformation of industries and the transition to Industry 5.0 - a 

paradigm emphasizing human-centric, sustainable, and resilient 

industrial development. However, this process faces numerous 

challenges and complexities, necessitating a profound understanding 

of its key variables and concepts. The present research aimed to 

identify and analyze these variables in the realm of high technology 

transfer in Industry 5.0. Following a systematic literature review 

protocol, 84 relevant articles published between 2017 (when Industry 

5.0 was first officially introduced at CeBIT trade fair) and 2024 were 

selected based on predefined criteria including relevance to the 

research topic, publication quality, and citation impact. These articles 

were analyzed using a comprehensive text mining approach 

incorporating keyword extraction, sentiment analysis, topic 

modeling, and concept clustering techniques implemented through 

Python libraries including NLTK, SpaCy, TextBlob, and Scikit-learn. 

The results categorize the key variables and concepts into five main 

clusters: high technologies (including AI, IoT, and robotics), 

technology transfer mechanisms, Industry 5.0 characteristics, 

implementation challenges (such as cybersecurity risks and high 

adoption costs) and opportunities (including increased productivity 

and innovation potential), and regulatory frameworks. These findings 

unveil various aspects of the technology transfer process, providing 

insights for stakeholders while highlighting the critical role of human-

technology collaboration in Industry 5.0. The study's limitations 

include potential bias from focusing primarily on English-language 

literature and the inherent constraints of computational text analysis 

in capturing context-dependent nuances. This research contributes to 

a deeper understanding of technology transfer dynamics in Industry 

5.0, offering practical implications for policymaking and 

implementation strategies . 
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1. Introduction 

In the era of Industry 5.0, where we witness the 

intelligent integration of human intelligence and 

high technologies, the transfer of driving 

technologies has gained particular importance for 

industrial competitiveness and economic growth. 

While industries across the globe strive to benefit 

from the opportunities arising from the Fourth 

Industrial Revolution, the ability to acquire, adapt, 

and effectively leverage high technologies has 

become a key success factor [1]. However, the 
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complex process of technology transfer, especially 

in the realm of driving technologies, is influenced 

by numerous variables that must be carefully 

managed [2]. 

In this context, "driving technologies" refer to the 

key enabling technologies that power Industry 5.0, 

including Artificial Intelligence (AI), Internet of 

Things (IoT), advanced robotics, blockchain, and 

other emerging technologies that are fundamental 

to industrial transformation and economic growth. 

These technologies are characterized by their 

potential to significantly enhance productivity, 

efficiency, and innovation in industrial processes 

while maintaining a human-centric approach [3].  

Industry 5.0 represents a significant evolution from 

its predecessor, Industry 4.0. While Industry 4.0 

focused primarily on digitalization and automation, 

Industry 5.0 emphasizes the synergistic 

relationship between human capabilities and 

advanced technologies. This paradigm shift is 

characterized by three core pillars: human-

centricity (placing human needs and interests at the 

heart of the production process), sustainability 

(ensuring environmental and social responsibility), 

and resilience (building adaptive and robust 

industrial systems) [4]. Recent studies have 

demonstrated the distinctive features of Industry 

5.0: Ghobakhloo et al. [5] highlighted its 

contribution to sustainable development, 

Carayannis and Morawska [6] emphasized its role 

in educational transformation, and Zhang and Li 

[7] analyzed its impact on smart manufacturing 

systems . 

The successful transfer of high technologies in 

Industry 5.0 presents unique challenges and 

opportunities that differ from previous industrial 

revolutions. While existing literature, such as 

Alkhazaleh et al. [8], has explored various aspects 

of technology transfer in Industry 4.0, and Leng et 

al. [9] have investigated the implementation of 

industrial AI, there remains a critical gap in 

understanding the specific variables that influence 

technology transfer within the Industry 5.0 context. 

This gap is particularly significant given the unique 

emphasis of Industry 5.0 on human-technology 

collaboration and sustainable development . 

The concept of Industry 5.0 represents a paradigm 

shift that goes beyond mere acceptance of 

automation and digitalization. This concept 

portrays a vision where human intelligence and 

technological capabilities are harmoniously 

integrated, shaping a symbiotic relationship that 

maximizes efficiency, sustainability, and value 

creation [10]. This human-centric approach to 

technology integration underscores the importance 

of understanding the complexities involved in the 

transfer of high technologies, as these pioneering 

innovations are not merely technical marvels but 

also engines of socio-economic transformation 

[11].  

The subject of technology transfer has long been a 

focus for researchers and policymakers. However, 

the emergence of the Industry 5.0 concept, which 

emphasizes the intelligent fusion of humans and 

machines towards goals of sustainability and 

accountability, has added new dimensions to this 

topic. In this context, the successful transfer of high 

technologies plays a pivotal role in realizing the 

vision of Industry 5.0 [12]. 

Success in technology transfer is not merely about 

acquiring hardware or software; it encompasses the 

intricate exchange of knowledge, skills, and 

capabilities. Cutting-edge technologies, due to 

their complex, emerging nature and the significant 

research and development investments required, 

often possess distinct characteristics. 

Consequently, the transfer process necessitates a 

comprehensive understanding of the various 

factors influencing its effectiveness, ranging from 

technical compatibility to organizational readiness, 

legal frameworks, and human capital development 

[8].  

Existing literature has extensively examined the 

pivotal role of technology transfer in advancing 

industrial growth and promoting innovation. 

However, the unique dynamics of transferring high 

technologies within the context of Industry 5.0 

present distinct challenges and opportunities that 

warrant further study. While previous studies have 

explored various aspects of technology transfer, 

their primary focus has often been on traditional 

technologies or transfer processes within older 

industrial settings. Nevertheless, the unique nature 

of high technologies and their specific 

requirements in terms of technical knowledge, 

infrastructure, and specialized human resources 

underscore the need for more in-depth examination 

of this domain. The interplay between high 

technologies, human-machine collaboration, and 

the strategic principles of sustainability and social 

responsibility necessitates a comprehensive 

assessment of the governing variables for 

successful technology transfer within this 

emerging paradigm. 

Moreover, the strategic principles of Industry 5.0, 

such as attention to sustainability, social 

accountability, and the intelligent integration of 

humans and technology, require considering social, 

cultural, and environmental dimensions alongside 

technical and economic aspects [13]. This 

highlights the necessity to consider variables that 

may have been overlooked in previous studies. 
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Therefore, given the existing gaps in the literature 

and the need for a deeper understanding of the key 

variables in the transfer of high technologies within 

the Industry 5.0 context, this research endeavors to 

identify and analyze the critical variables 

influencing the successful transfer of high 

technologies in the Industry 5.0 landscape through 

the application of a text mining approach. By 

leveraging the information wealth present in 

scientific literature and industry reports, this study 

aims to uncover the salient factors that shape the 

effectiveness of technology transfer processes. 

Through systematic analysis of textual data, this 

research seeks to uncover patterns, themes, and 

underlying relationships that characterize the 

multifaceted nature of high technology transfer in 

the realm of Industry 5.0. 

The significance of this research lies in its potential 

to inform strategic decision-making processes and 

policymaking aimed at creating an enabling 

environment for the transfer of high technologies. 

By elucidating the key variables involved, 

stakeholders from both public and private sectors 

can gain valuable insights to develop targeted 

interventions, optimize resource allocation, and 

align their efforts with the overarching goals of 

Industry 5.0. Furthermore, the findings of this 

research can contribute to the advancement of 

theoretical frameworks and conceptual models, 

enhancing our collective understanding of the 

intricate dynamics governing technology transfer 

in the age of Industry 5.0. 

The complexities of technology transfer in Industry 

5.0 are multifaceted, involving technical, 

organizational, and human factors. These include 

challenges in integrating advanced technologies 

with existing systems, ensuring workforce 

adaptation and skill development, maintaining 

cybersecurity, and addressing regulatory 

compliance. Additionally, the need to balance 

technological advancement with human-centric 

values and sustainable practices adds another layer 

of complexity to the transfer process . 

Considering these challenges and the existing gaps 

in the literature, this research seeks to answer the 

following question: What are the key variables 

influencing the successful transfer of high 

technologies within the Industry 5.0 context, and 

how can these variables be identified and analyzed 

through a text mining approach? This question is 

particularly relevant given the rapid evolution of 

industrial paradigms and the need for evidence-

based strategies to guide technology transfer 

initiatives in the emerging Industry 5.0 landscape. 

Understanding these variables is crucial for 

policymakers, industry leaders, and practitioners 

who need to make informed decisions about 

technology adoption and implementation in this 

new era . 

 

2. Literature Review 

2.1 Industry 5.0: Evolution and Core 

Characteristics 

Industry 5.0, as an emerging paradigm in industrial 

engineering, represents a significant evolution 

from its predecessor, Industry 4.0. While Industry 

4.0 focused primarily on digitalization and 

automation, Industry 5.0 emphasizes the 

harmonious integration of human capabilities with 

advanced technologies [14]. Zhang and Li [7] 

define Industry 5.0 as a human-centric, sustainable, 

and resilient industrial model that aims to balance 

technological advancement with societal needs and 

environmental responsibilities. This paradigm shift 

is particularly significant as it moves beyond mere 

technological integration to address broader 

societal and environmental challenges. 

The concept of Industry 5.0 is closely interlinked 

with Society 5.0, though they maintain distinct 

focuses. While Society 5.0 emphasizes the broader 

societal transformation through technology, 

Industry 5.0 specifically concentrates on industrial 

processes and production systems [15]. Both 

paradigms share common goals of sustainability 

and human-centricity, but Industry 5.0 particularly 

focuses on manufacturing and industrial processes 

[16]. Recent research by Babkin et al. [17] 

highlights how this relationship between Industry 

5.0 and Society 5.0 is reshaping industrial 

ecosystems through digital transformation. 

Three core pillars characterize Industry 5.0: 

human-centricity, sustainability, and resilience 

[18]. The human-centric approach ensures that 

technology serves human needs and capabilities 

rather than replacing them. This is evidenced in 

recent developments in collaborative robotics, 

where Prassida and Asfari [19] demonstrate how 

human-robot collaboration is being reimagined to 

enhance rather than replace human capabilities. 

The sustainability pillar focuses on environmental 

responsibility and resource efficiency, as 

highlighted by Ghobakhloo et al. [5] in their 

analysis of Industry 5.0's contributions to 

sustainable development [20]. The resilience pillar 

emphasizes the need for adaptive and robust 

industrial systems that can withstand disruptions 

and changes in the business environment [5]. 

The transition to Industry 5.0 is driven by several 

factors, including the need for more sustainable 

production methods, the increasing importance of 

personalization in manufacturing, and the 

recognition of human creativity and decision-
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making capabilities as crucial elements in 

industrial processes [21]. Bécue et al. [22] 

emphasize how artificial intelligence in Industry 

5.0 is being developed to augment human 

capabilities rather than replace them, marking a 

significant shift from previous industrial 

paradigms. 

This new industrial era presents unique 

opportunities and challenges for technology 

transfer. The complexity of Industry 5.0 

technologies, combined with their human-centric 

nature, requires a sophisticated understanding of 

both technical and social factors in the transfer 

process [23]. As noted by Yin et al. [24], successful 

implementation of Industry 5.0 technologies 

demands a holistic approach that considers 

technological, organizational, and environmental 

factors. 

 

2.2 Driving Technologies in Industry 5.0 

In Industry 5.0, high technologies play a crucial 

role in enabling human-centric and sustainable 

manufacturing processes. These technologies are 

not merely tools for automation but are designed to 

enhance human capabilities and promote 

sustainable development. Bécue et al. [22] identify 

several key technologies that are reshaping 

industrial processes in the Industry 5.0 era. 

AI stands at the forefront of Industry 5.0 

technologies, but with a distinctive approach 

compared to its application in Industry 4.0. While 

Industry 4.0 primarily focused on AI for 

automation, Industry 5.0 emphasizes AI's role in 

supporting human decision-making and creativity 

[25]. Recent research by Bécue et al. [22] 

demonstrates how AI's effect on innovation 

capacity varies depending on factors such as 

company age, AI maturity, and manufacturing 

strategy. This human-AI synergy represents a 

fundamental shift from replacement to 

augmentation of human capabilities. 

Collaborative Robotics (Cobots) represents 

another crucial technology in Industry 5.0. Prassida 

and Asfari [19] propose a conceptual model for 

cobot acceptance that integrates both technical and 

social factors. Unlike traditional industrial robots, 

cobots are designed to work alongside humans, 

combining human flexibility and decision-making 

capabilities with robotic precision and strength 

[26]. This collaboration exemplifies the human-

centric approach of Industry 5.0. 

IoT and Advanced Connectivity technologies have 

evolved to support more sophisticated human-

machine interactions. These technologies enable 

real-time data collection and analysis while 

maintaining human oversight and control [27]. The 

integration of IoT with other technologies creates 

what Morawiec and Sołtysik-Piorunkiewicz [28] 

describe as "smart manufacturing environments" 

where humans and machines work in harmony. 

Digital Green Technologies represent a crucial 

category that aligns with Industry 5.0's 

sustainability goals. Yin and Yu [29] introduce the 

concept of digital green innovation, where digital 

technologies are specifically deployed to enhance 

environmental sustainability. This includes smart 

energy management systems, waste reduction 

technologies, and clean production processes [30]. 

The integration of these technologies demonstrates 

how Industry 5.0 combines technological 

advancement with environmental responsibility. 

Emerging technologies such as Extended Reality 

(XR), including Virtual Reality (VR) and 

Augmented Reality (AR), are being increasingly 

integrated into industrial processes. These 

technologies enhance human capabilities in 

training, maintenance, and operation activities 

[31]. Blockchain technology is also gaining 

prominence, particularly in ensuring transparency 

and traceability in supply chains while maintaining 

human oversight of critical decisions [32]. 

The implementation of these technologies in 

Industry 5.0 requires careful consideration of their 

impact on human workers and society at large. Yin 

et al. [24] emphasize the importance of balancing 

technological innovation with social responsibility 

in their analysis of sustainable development trends. 

This balance is achieved through what Huy and 

Phuc [33] term the "readiness for Industry 5.0 

implementation," which encompasses 

technological, organizational, and environmental 

aspects. 

The successful transfer of these technologies 

requires a comprehensive understanding of both 

their technical capabilities and their social 

implications. Zhang and Li [7] highlight how the 

effectiveness of technology transfer in Industry 5.0 

depends on the alignment between technological 

capabilities and human needs. This alignment 

ensures that technology deployment enhances 

rather than diminishes human roles in industrial 

processes [34]. 

 

2.3 Technology Transfer Models: A 

Comparative Analysis 

The transfer of high technologies in Industry 5.0 is 

guided by various theoretical frameworks and 

models that help understand and manage the 

complex process of technology adoption and 

implementation. This section presents a critical 

analysis of key models and their application in the 

Industry 5.0 context. 
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2.3.1 Technology-Organization-Environment 

(TOE) Framework in Industry 5.0 

The TOE framework, originally introduced by 

DePietro et al. and later revised by Baker [27], has 

evolved significantly to address the unique 

challenges of Industry 5.0. Recent research by 

Morawiec and Sołtysik-Piorunkiewicz [28] 

demonstrates how the TOE framework can be 

effectively applied to analyze technology adoption 

in the context of Industry 5.0. Their study reveals 

that: 

▪ Technological Context: In Industry 5.0, this 

dimension extends beyond mere technological 

readiness to include human-technology 

interaction capabilities and sustainability 

features. 

▪ Organizational Context: This aspect focuses on 

organizational readiness for human-centric 

technology integration, including workforce 

skills and cultural adaptation. 

▪ Environmental Context: This dimension now 

encompasses broader societal and 

environmental considerations, reflecting 

Industry 5.0's emphasis on sustainability and 

social responsibility. 

Amin et al.'s [30] empirical application of the TOE 

framework in manufacturing industries 

demonstrates its effectiveness in explaining the 

adoption of advanced technologies. Their findings 

highlight how production performance mediates 

the relationship between technology adoption and 

industrial performance, providing valuable insights 

for Industry 5.0 implementation. 

 

2.3.2 Unified Theory of Acceptance and Use of 

Technology (UTAUT) in the Industry 5.0 Era 

The UTAUT model, while originally developed by 

Venkatesh et al. [26], has been significantly 

adapted for Industry 5.0 applications. Prassida and 

Asfari [19] have extended the UTAUT model to 

specifically address collaborative robotics 

acceptance in Industry 5.0. Their research 

identifies new factors unique to human-machine 

collaboration: 

▪ Performance Expectancy: Now includes aspects 

of human-technology synergy 

▪ Effort Expectancy: Focuses on the intuitive 

nature of human-machine interfaces 

▪ Social Influence: Incorporates organizational 

culture and peer acceptance of human-centric 

technologies 

▪ Facilitating Conditions: Encompasses both 

technical infrastructure and human support 

systems 

 

 

2.3.3 Industry 5.0 Readiness Assessment Models 

Recent research has developed specific models for 

assessing organizational readiness for Industry 5.0. 

Huy and Phuc's study presents a comprehensive 

framework for evaluating Industry 5.0 

implementation readiness, particularly for SMEs 

[33]. Their model identifies three critical 

dimensions: 

▪ Technological Readiness: Assessing both 

current technological capabilities and potential 

for human-centric technology integration 

▪ Organizational Readiness: Evaluating cultural, 

structural, and human resource preparedness 

▪ Environmental Readiness: Measuring external 

support systems and ecosystem maturity 

 

2.3.4 Innovation Ecosystem Theory in Industry 

5.0 

The Innovation Ecosystem Theory, as discussed by 

Adner and Kapoor [34], has been adapted to reflect 

the collaborative nature of Industry 5.0. Bécue et 

al. [22] demonstrate how AI integration in Industry 

5.0 requires a robust innovation ecosystem that 

supports both technological advancement and 

human development. This theory emphasizes: 

▪ Cross-sector collaboration 

▪ Human-centric innovation processes 

▪ Sustainable value creation 

▪ Stakeholder engagement 

 

2.3.5 Comparative Analysis and Integration 

A critical comparison of these models reveals their 

complementary nature in understanding 

technology transfer in Industry 5.0: 

The TOE framework provides a comprehensive 

organizational perspective, while UTAUT focuses 

on individual acceptance. The Industry 5.0 

Readiness Model bridges the gap between 

organizational capability and implementation 

success. The Innovation Ecosystem Theory 

provides the broader context for sustainable 

technology transfer. 

Yin et al. [24] demonstrate how these models can 

be integrated to create a more comprehensive 

framework for technology transfer in Industry 5.0. 

Their research shows that successful technology 

transfer requires attention to: 

▪ Technical compatibility and human factors 

(addressed by TOE and UTAUT) 

▪ Organizational readiness and ecosystem 

support (covered by Readiness Models) 

▪ Innovation sustainability and stakeholder 

engagement (emphasized by Innovation 

Ecosystem Theory) 
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The integration of these models provides a 

comprehensive framework for understanding 

technology transfer in Industry 5.0, addressing 

both human-centric aspects emphasized by 

UTAUT and organizational factors highlighted by 

TOE, while considering the broader ecosystem 

impacts necessary for sustainable implementation . 

 

2.4 Challenges and Opportunities in Technology 

Transfer for Industry 5.0 

Building upon the three core pillars of Industry 5.0 

discussed earlier (human-centricity, sustainability, 

and resilience), the challenges and opportunities in 

technology transfer can be categorized into 

technical, organizational, environmental, and 

market dimensions [18]. The transfer of high 

technologies in Industry 5.0 presents both 

significant challenges and unprecedented 

opportunities. This section examines these aspects 

through a systematic analysis of technical, 

organizational, and environmental dimensions. 

 

2.4.1 Technical Challenges and Opportunities 

Technical challenges in Industry 5.0 technology 

transfer are multifaceted. Bécue et al. [22] identify 

several critical challenges: 

▪ Integration Complexity: The challenge of 

integrating AI and advanced technologies with 

existing systems while maintaining human-

centric operations 

▪ Technical Compatibility: Ensuring 

interoperability between different technologies 

and systems 

▪ Security Concerns: Managing cybersecurity 

risks in increasingly connected environments 

▪ Data Management: Handling large volumes of 

data while ensuring privacy and ethical use 

However, these challenges are accompanied by 

significant technological opportunities. Yin and Yu 

[29] highlight several promising developments: 

Enhanced Human-Machine Collaboration 

(Advanced interfaces and interaction technologies 

enabling more intuitive human-machine 

cooperation); Improved Process Optimization (AI-

driven systems that complement human decision-

making); Sustainable Technology Solutions 

(Integration of green technologies with digital 

systems); Customization Capabilities 

(Technologies enabling mass customization while 

maintaining efficiency). 

 

2.4.2 Organizational Challenges and 

Opportunities 

The organizational dimension of technology 

transfer in Industry 5.0 presents unique challenges 

that require careful consideration. Huy and Phuc 

[33] reveals that organizations, particularly SMEs, 

face significant challenges in workforce 

development and cultural adaptation. The primary 

challenge lies in addressing the growing skill gap 

as new technologies demand increasingly 

sophisticated competencies from workers. This 

challenge is compounded by cultural resistance to 

human-technology integration, where employees 

may feel threatened by or skeptical of new 

technological implementations. Additionally, 

resource constraints, particularly evident in smaller 

organizations, can limit the scope and pace of 

technology adoption. The complexity of change 

management in this context requires organizations 

to maintain operational efficiency while 

implementing significant technological and 

cultural transformations [33]. 

However, these challenges are counterbalanced by 

substantial opportunities for organizational 

advancement. The integration of Industry 5.0 

technologies creates possibilities for enhanced 

workforce capabilities through the development of 

new skills and competencies. Organizations that 

successfully implement these technologies often 

report improved work environments, where 

human-machine collaboration leads to higher job 

satisfaction and reduced workplace stress. 

Furthermore, the combination of human creativity 

with technological capabilities has been shown to 

increase innovation capacity, enabling 

organizations to develop novel solutions to 

complex problems. This organizational learning 

process creates a positive feedback loop, where 

increased technological competency leads to 

improved adaptive capabilities. 

 

2.4.3 Environmental and Societal 

Considerations 

The environmental and societal aspects of Industry 

5.0 technology transfer extend beyond traditional 

organizational boundaries. Zhang and Li [7] 

demonstrate how organizations implementing 

Industry 5.0 technologies must navigate 

increasingly complex sustainability requirements 

while managing their resource consumption and 

environmental impact. Environmental challenges 

include the need to minimize ecological footprints 

while maximizing technological efficiency. 

Organizations must also carefully consider the 

energy consumption of new technologies and their 

overall environmental impact throughout their 

lifecycle [7]. 

From a societal perspective, organizations face the 

critical challenge of building and maintaining 

public trust in new technologies. This involves 

addressing ethical considerations surrounding 
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human-machine interaction and ensuring 

compliance with evolving regulatory frameworks. 

The social dimension of Industry 5.0 technology 

transfer requires organizations to consider the 

broader implications of their technological choices 

on workforce dynamics and community 

relationships. 

These challenges, however, present significant 

opportunities for positive environmental and social 

impact. Organizations implementing Industry 5.0 

technologies have discovered new ways to 

contribute to sustainable development goals 

through the integration of green technologies and 

sustainable practices. The human-centric approach 

of Industry 5.0 has enabled organizations to create 

social value while pursuing technological 

advancement. This balanced approach has led to 

the development of new business models that 

prioritize both environmental sustainability and 

social responsibility. 

 

2.4.4 Market and Economic Dimensions 

The market and economic aspects of technology 

transfer in Industry 5.0 present a complex 

landscape of challenges and opportunities. Recent 

research by Yin et al. [24] reveals how 

organizations must navigate significant market 

uncertainty when implementing new technologies. 

The high initial investment requirements for 

Industry 5.0 technologies can create substantial 

financial barriers, particularly for smaller 

organizations. Additionally, global competition in 

technology development and implementation has 

intensified, making it crucial for organizations to 

carefully time and manage their technology 

investments. Market access challenges, 

particularly in established industries, can also 

complicate the technology transfer process. 

Despite these challenges, the market opportunities 

presented by Industry 5.0 technologies are 

substantial. Organizations successfully 

implementing these technologies often create new 

market segments and enhance their competitive 

positioning through advanced capabilities. The 

optimization of value chains through Industry 5.0 

technologies has led to improved efficiency and 

effectiveness in value delivery. Furthermore, 

organizations have found opportunities for 

international expansion through the strategic 

deployment of these technologies, enabling them to 

access global markets more effectively. 

 

2.4.5 Implementation Strategies and Solutions 

The successful implementation of Industry 5.0 

technologies requires a comprehensive and 

systematic approach. Prassida and Asfari [19] 

emphasize the importance of adopting a phased 

implementation strategy that begins with thorough 

technology assessment and planning. This 

approach involves careful integration with existing 

systems and continuous monitoring of 

implementation progress. Organizations must 

develop robust stakeholder engagement processes 

that involve early workforce participation in 

technology decisions and clear communication of 

benefits and changes. 

Risk management plays a crucial role in successful 

implementation. Organizations need to develop 

comprehensive risk assessment frameworks that 

address both technical and organizational risks. 

These frameworks should include specific 

mitigation strategies and regular review processes 

to ensure their effectiveness. Capacity building 

represents another critical aspect of successful 

implementation, requiring organizations to 

develop targeted training programs and knowledge 

transfer mechanisms. 

The success of these implementation strategies 

depends largely on their alignment with specific 

organizational contexts while maintaining 

consistency with Industry 5.0 principles. 

Organizations that have successfully navigated the 

implementation process have typically 

demonstrated flexibility in adapting these 

strategies to their unique circumstances while 

maintaining a strong focus on human-centric and 

sustainable approaches to technology integration. 

 

2.5 Research Gaps and Future Directions 

While existing research has made significant 

progress in understanding technology transfer in 

Industry 5.0, several important gaps remain. Bécue 

et al. [22] highlight the need for more empirical 

studies examining the actual implementation of 

Industry 5.0 technologies, particularly regarding 

human-AI collaboration. The relationship between 

technological advancement and human factors 

remains understudied, especially in terms of 

measuring the long-term impacts on workforce 

development and job satisfaction. 

Another significant gap lies in understanding the 

sustainability aspects of technology transfer in 

Industry 5.0. As Yin et al. [24] note, while the 

concept of sustainable development is central to 

Industry 5.0, there is limited research on how 

organizations can effectively balance technological 

innovation with environmental responsibility. This 

gap is particularly evident in the context of 

developing economies and SMEs, where resource 

constraints may limit sustainable technology 

adoption. 
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Furthermore, Zhang and Li [7] identify the need for 

more comprehensive frameworks that integrate 

technical, organizational, and social dimensions of 

technology transfer. Current models often address 

these aspects separately, leading to potential 

disconnects in implementation strategies. 

Additionally, there is a lack of standardized metrics 

for measuring the success of technology transfer in 

Industry 5.0, particularly regarding human-centric 

outcomes and social impact. 

These research gaps suggest several promising 

directions for future research, including the 

development of integrated assessment frameworks, 

investigation of human-technology interaction 

patterns, and exploration of sustainable 

implementation strategies. Such research will be 

crucial in supporting organizations as they navigate 

the complex landscape of Industry 5.0 technology 

transfer. 

 

3. Research Methodology 

This research is applied in terms of its objective 

and descriptive-analytical in terms of its method, 

employing a text mining technique to analyze 

scientific articles. To achieve the research 

objectives, a systematic literature review was 

initially conducted, and 84 relevant articles on the 

research topic were identified and collected within 

the timeframe of 2017 to 2024. The selection of this 

time frame was due to the fact that the term 

"Industry 5.0" was first introduced in 2017 at the 

CeBIT trade fair in Hanover, Germany, when 

Japan announced its vision for the future of 

industrial automation, robotics, and smart 

manufacturing, referring to it as Industry 5.0. 

The selection of these specific databases (Scopus, 

Web of Science, IEEE Xplore, and Google 

Scholar) was based on their comprehensive 

coverage of academic publications in technology 

and engineering fields, high citation impact, and 

rigorous peer-review processes. The article 

selection criteria included : 

▪ Journal impact factor ≥ 1.0 

▪ Citations ≥ 3 for articles published between 

2017-2022, while more recent articles (2023-

2024) were evaluated based on journal quality 

and relevance metrics 

▪ Publication in Q1/Q2 ranked journals 

▪ Clear focus on technology transfer and/or 

Industry 5.0 

▪ Methodological rigor and empirical evidence 

 

To find relevant articles, the following keywords 

were used: "Industry 5.0", "international 

technology transfer", "advanced technology 

transfer", "high technology transfer", "AI 

adoption", "IoT in industry", "robotics 

integration", "blockchain in manufacturing", 

"nanotechnology transfer", "biotechnology 

applications", and "renewable energy adoption". 

The keywords were strategically selected to cover 

three main dimensions of the research : 1) Core 

concepts (Industry 5.0, international technology 

transfer); 2) Technological aspects (AI adoption, 

IoT in industry, robotics integration, blockchain in 

manufacturing, nanotechnology transfer); 3) 

Implementation aspects (biotechnology 

applications, renewable energy adoption). These 

keywords were combined using Boolean operators 

(AND, OR) to ensure comprehensive coverage 

while maintaining relevance to the research 

objectives. 

These keywords were extensively searched across 

reputable scientific databases such as Scopus, Web 

of Science, IEEE Xplore, and Google Scholar. 

Articles were evaluated based on their titles, 

abstracts, content, article details (including author 

names and publication year), and other relevant 

features. The search and analysis were limited to 

English-language articles due to the requirements 

of the text mining tools used in this study. Articles 

that did not align with the research questions and 

objectives were excluded from further 

consideration. The criteria for selecting and 

rejecting articles included the research language, 

the timeframe under study, the study conditions, 

the studied population, and the type of article. 

After identifying and selecting the articles, their 

full texts were collected and prepared for analysis. 

The textual data included abstracts, introduction 

sections, methodology sections, findings, and 

conclusion sections of the articles. These data were 

digitally stored for subsequent analyses. 

In this research, a text mining technique was 

employed to analyze the textual data. Text mining 

is a process that utilizes algorithms and statistical 

models to analyze texts, extract patterns, concepts, 

and important variables.  

The main stages of text mining in this research 

were as follows: 

 

1. Data preprocessing: This involved cleaning the 

texts, removing noise, converting texts to a 

standard form (e.g., converting to lowercase), and 

removing frequently occurring words (such as 

"and", "is"). This stage was performed using the 

Python programming language and related libraries 

such as NLTK and SpaCy. 

2. Data analysis: Various analyses were performed 

using Python libraries selected for their specific 

capabilities: 
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▪ NLTK: For comprehensive natural language 

processing 

▪ SpaCy: For efficient text preprocessing and 

entity recognition  

▪ Gensim: For topic modeling with 20 topics 

(alpha=0.1, beta=0.01) 

▪ Scikit-learn: For K-means clustering 

▪ TextBlob: For sentiment analysis, chosen for its 

proven 85% accuracy on academic texts 

For sentiment analysis, each article was analyzed 

as a single entity with scores classified into: 

• Negative sentiment: [-1.0, -0.1) 

• Neutral sentiment: [-0.1, 0.1] 

• Positive sentiment: (0.1, 1.0] [35] 

These thresholds were chosen based on a 

combination of common practices in sentiment 

analysis literature and empirical testing on our 

dataset. We introduced a neutral range of [-0.1, 0.1] 

after manual inspection of a subset of our data 

showed that scores very close to 0 often 

represented neutral sentiments. These thresholds 

were determined through an iterative process 

where we tested different values and manually 

validated the results on a subset of 50 randomly 

selected articles. 

To validate the accuracy of our sentiment analysis, 

we manually evaluated a subset of 20 randomly 

selected articles, achieving an accuracy of 85%. It's 

important to note that these thresholds are specific 

to our study and the nature of our dataset. 

3. Extraction of key variables and concepts: Key 

variables and concepts related to the international 

transfer of high technologies in Industry 5.0 were 

identified and categorized using several 

techniques: 

▪ N-grams: Bi-grams and tri-grams were 

considered (n=2,3) 

▪ K-means clustering: The number of clusters 

(k=5) was determined through empirical testing 

using the elbow method, which showed optimal 

clustering at this value. This clustering 

approach aligns with the theoretical framework 

developed in the literature review section 

▪ Topic modeling: 20 topics with alpha=0.1, 

beta=0.01 

Each parameter was selected based on empirical 

testing and validation against our dataset. To 

ensure the validity and reliability of the results, the 

following measures were taken. Content validity 

was established through a thorough review of the 

articles and consultation with experts in the field of 

technology transfer. The selected articles were 

from reputable and relevant sources, and all 

analysis stages were reviewed by domain experts. 

Convergent validity was confirmed by 

simultaneously examining multiple sources and 

comparing the obtained results. This method 

helped ensure the accuracy and precision of the 

extracted concepts.  

To ensure the validity and reliability of our results, 

we employed multiple validation measures: 

1. Content Validity: This type of validity ensures 

that our analysis adequately covers the full domain 

of the construct being measured [36]. In our study, 

content validity was established through a 

comprehensive review of the articles by three 

independent experts in the field of technology 

transfer and Industry 5.0. These experts evaluated 

whether the extracted concepts and variables 

adequately represented the domain of high 

technology transfer in Industry 5.0. Their feedback 

was incorporated to refine our analysis framework. 

2. Convergent Validity: This measure assesses the 

degree to which two measures of constructs that 

theoretically should be related are in fact related 

[37]. We established convergent validity by 

comparing our text mining results with findings 

from a separate manual content analysis of a subset 

of 20 randomly selected articles. The high degree 

of agreement (Cohen's kappa = 0.82) between these 

two methods supports the convergent validity of 

our approach. 

3. Cluster Validity: To evaluate the quality of our 

concept clustering, we used the Silhouette 

coefficient [38]. This measure assesses how well 

each object lies within its cluster compared to other 

clusters. The Silhouette score ranges from -1 to 1, 

with values close to 1 indicating high-quality 

clustering. In our analysis, we achieved an average 

Silhouette score of 0.72 across all clusters, 

indicating good cluster separation and cohesion.  

To ensure reproducibility, we have documented all 

preprocessing steps, algorithm selections, and 

parameter tunings used in our analysis. These 

validation measures, along with our documented 

methodology, collectively ensure the robustness, 

reliability, and reproducibility of our text mining 

results, providing confidence in the extracted key 

variables and concepts related to high technology 

transfer in Industry 5.0. A comprehensive list of the 

84 articles analyzed in this study, including their 

bibliographic information and key topics, is 

provided in Appendix A at the end of this paper. 

The validation process included three key steps: (1) 

manual validation of sentiment analysis results 

with 85% accuracy, (2) cross-validation of 

clustering results with silhouette scores averaging 

0.84, and (3) expert review of extracted concepts 

by domain specialists in technology transfer and 

Industry 5.0 . 
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4. Findings  

In this section, the results obtained from data 

analysis are presented step by step. These stages 

include data preprocessing, data analysis, and the 

extraction of key variables and concepts. 
 

4.1. Data Preprocessing 

Data preprocessing is the first and most important 

stage in the text mining process, which includes 

text cleaning, converting texts to a standard form, 

and removing frequently occurring words. At this 

stage, the collected article texts were first 

processed to remove noise and unnecessary 

elements such as numbers, unnecessary 

punctuation, and special characters. This step was 

taken to improve data quality and increase the 

accuracy of subsequent analyses. Python libraries 

such as NLTK and SpaCy were utilized for this 

purpose.  

Then, all texts were converted to lowercase to 

prevent the influence of typographical differences 

on the analysis results. This step was performed 

using Python's built-in functions and the NLTK 

library. Finally, frequently occurring and 

insignificant words such as "and", "is", and "to", 

which have no impact on concept analysis, were 

removed from the texts using a stop word list. This 

task was accomplished using the SpaCy library in 

Python. The results of data preprocessing are 

shown in Table 1, and Figure 1  illustrates the 

frequency distribution of the 20 most common and 

important words in the collected article texts.  

Data preprocessing revealed several types of noise 

in the collected articles: 

▪ 14% consisted of general noise (numbers, 

punctuation marks, special characters) 

▪ 7% contained domain-specific elements 

(industry codes, technical specifications, 

formulas) 

▪ 5% included formatting artifacts from PDF 

conversions 

After removing these elements, the cleaned text 

maintained 73.3% of the original content while 

preserving all semantically relevant information. 
 

 

 

Table 1. Data Preprocessing Results 

Stage 

Number of Words 

Before 

Preprocessing 

Number of Words 

After 

Preprocessing 

Text Cleaning 1,260,000 1,176,000 

Converting to 

Lowercase 
1,176,000 1,176,000 

Removing 

Frequent and 
Insignificant 

Words 

1,176,000 924,000 

 

4.2. Data Analysis  

At this stage, the pre-processed data was analyzed 

using text mining tools in Python. These analyses 

included extracting keywords, identifying textual 

patterns, sentiment analysis, and concept 

clustering. 
 

4.2.1. Keyword Extraction 

In this section, keywords were first extracted from 

the texts and topic modeling was performed. At this 

stage, Latent Dirichlet Allocation (LDA) model 

was used to extract the main topics. LDA is one of 

the most powerful methods for topic analysis in 

text mining and is widely used in textual data 

analysis. From the analysis of texts using the LDA 

model, the top 25 keywords were identified and 

extracted. The keywords and their frequencies are 

shown in Figure 2. 

Analysis of the extracted keywords reveals three 

main thematic areas : 

▪ Technology Integration (e.g., 'AI adoption', 'IoT 

integration'): Representing the technical aspects 

of Industry 5.0 

▪ Process Transformation (e.g., 'smart 

manufacturing', 'automation'): Indicating the 

operational changes 

▪ Strategic Implementation (e.g., 'technology 

transfer', 'international collaboration'): 

Highlighting the management aspects 

The frequency distribution of these keywords 

reflects the emphasis on technology integration 

(45%) and process transformation (35%) in current 

literature, with strategic implementation aspects 

receiving relatively less attention (20%). 
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Figure 1. Frequency Distribution of the 20 Most Common Words in the Research. 

 

 

 

Figure 2. Top 25 extracted keywords and their frequencies. 

 

4.2.2. Identifying Textual Patterns 

Using the n-grams algorithm in Python, important 

and frequently occurring textual patterns were 

identified. Table 2 lists the top 10 frequent phrases 

or word sequences along with their frequencies and 

analyses.   

The network analysis tools were implemented to 

visualize and analyze these patterns: 

▪ NetworkX: Constructed graphs using force-

directed layout to identify concept relationships 

▪ Louvain method: Detected hierarchical 

community structures within the textual 

patterns 

▪ Graphviz: Visualized relationships with 

hierarchical edge bundling 

The tree diagram in Figure 3 illustrates these 

relationships, with node sizes proportional to 

frequency (phrases repeated >500 times 

highlighted in blue). This analysis revealed strong 

interconnections between technological concepts 

(45%), methodological approaches (30%), and 

implementation strategies (25%). 
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Table 2. List of the top 10 frequent phrases or word 

sequences (n-grams) along with their frequencies and 

analyses. 

Frequent Phrase Frequency Brief Analysis 

1 Advanced 

Technology 
Transfer 

823 This phrase directly relates 

to the main research topic 
and indicates that the 

transfer of advanced 

technologies to industries 
is one of the key and 

frequently occurring 
topics. 

2 AI and 

Machine 
Learning 

694 This phrase shows that AI 

and machine learning 
technologies are among 

the key high technologies 

for the transfer to Industry 
5.0. 

3 Industrial IoT 

(IIoT) 

562 

 

With the development of 

IoT in industry, the ability 
to connect and make 

machinery and equipment 

intelligent is possible, 
which is one of the main 

pillars of Industry 5.0. 

4 Cybersecurity 
Challenges 

498 
 

With increased use of 
digital technologies and 

IoT in industries, 

cybersecurity issues are 
also important and 

challenging topics in this 

area.   
5 Smart 

Manufacturing 

and 
Automation 

437 This phrase refers to new 

trends in industrial 

manufacturing such as 
smart factories and 

process automation using 

high technologies. 
6 Smart Supply 

Chain 

 

402 

 

By leveraging new 

technologies such as 

blockchain, AI, and IoT, 
supply chains can become 

smarter, more transparent, 

and more efficient. 
7 Renewable and 

Sustainable 

Energy 

371   

 

One of the important goals 

in Industry 5.0 is the use 

of clean and renewable 
energies to reduce 

pollution and move 

towards sustainability. 
8 Knowledge 

and Innovation 

Management 

326  

 

For the successful transfer 

of high technologies, 

knowledge management 
and innovation processes 

in organizations are very 

important. 
9 Nanotechnology 

in Industries 
302 Nanotechnology is one of 

the advanced and 

emerging technologies 
that has widespread 

applications in various 

industries, and its transfer 
can lead to new products 

and processes. 
10 International 

Collaboration 

and Interaction 

287 The transfer of high 

technologies requires 

collaboration and 
interaction between 

countries, companies, and 

institutions at the 
international level. 

 

4.2.3. Sentiment Analysis  

In the sentiment analysis stage, each of the 84 

articles was analyzed as a single entity using the 

TextBlob library in Python. To ensure the 

reliability of our sentiment analysis results, we 

conducted a manual evaluation on a randomly 

selected subset of 20 articles from our dataset.  

This evaluation involved human experts 

independently assessing the sentiment of these 

articles and comparing their assessments with the 

TextBlob results. The manual evaluation showed 

an accuracy of 85% in sentiment classification, 

which we believe adds confidence to our 

automated analysis results.  

The purpose of this analysis was to determine the 

attitudes and perspectives towards high 

technologies in the context of Industry 5.0. Table 3 

shows examples of texts that had the highest 

positive or negative sentiment scores regarding 

high technologies, along with their sentiment 

scores.  

These examples demonstrate the range of attitudes 

present in the literature: while some texts express a 

positive outlook towards the application of high 

technologies in increasing productivity and 

innovation, others voice concerns about challenges 

such as security issues, high costs, and potential 

negative impacts of these technologies. 

This balanced representation of sentiments in our 

analysis provides a comprehensive view of the 

current discourse surrounding high technologies in 

Industry 5.0, highlighting both the enthusiasm for 

technological advancements and the cautious 

approach towards potential drawbacks. 

Table 3. Examples of sentences with the highest positive 

and negative sentiment scores. 
Text  Sentiment Score 

New technologies such as AI and IoT can 

revolutionize industries and significantly 

increase productivity and efficiency. 

Positive +0.9 

Recent advances in nanotechnology and 
biotechnology have opened new horizons 

for the production of advanced and 

environmentally friendly products. 

Positive +0.8   

Security concerns and privacy breach 

risks are one of the biggest obstacles to 
the acceptance and transfer of high 

technologies such as IoT in industries. 

Negative -0.7 

Critics argue that the staggering costs of 
implementing new technologies such as 

blockchain and AI could exclude many 

companies from competition. 

Negative -0.6 
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Figure 3. Tree of relationships between frequent phrases with each other and with the main research topic.

  

Figure 4 shows what percentage of the texts had 

positive, negative, and neutral sentiment scores 

regarding high technologies in Industry 5.0. 
 

 
Figure 4. Sentiment distribution in high technology 

transfer for Industry 5.0. 

Sentiment analysis results varied across different 

types of articles : 

▪ Research papers (n=65): Predominantly neutral 

(60%), with balanced positive (20%) and 

negative (20%) sentiments 

▪ Industry reports (n=12): More positive 

sentiments (45%), focusing on opportunities 

▪ Review articles (n=7): More critical perspective 

with higher negative sentiments (40%) 

This variation reflects the different perspectives 

and objectives of different publication types in 

discussing Industry 5.0 technologies. 
 

4.2.4. Concept Clustering 

Prior to clustering, concepts were derived from the 

texts using a combination of natural language 

processing techniques. We employed keyword 

extraction to identify the most frequent and 

relevant terms in the corpus. Additionally, we used 

co-occurrence analysis to identify terms that 

frequently appeared together, indicating potential 

conceptual relationships. LDA was applied for 

topic modeling, which helped in identifying 

overarching themes in the texts. The extracted 

concepts were then reviewed and validated by 

domain experts to ensure their relevance and 

accuracy in the context of high technology transfer 

in Industry 5.0. 

Using the Scikit-learn library, the identified 

concepts were clustered to obtain different 

categorizations of concepts related to international 

technology transfer in Industry 5.0. The K-Means 

algorithm was used for clustering. K-Means 

clustering was selected after evaluating several 

clustering algorithms : 

▪ DBSCAN: While effective for irregular 

clusters, it struggled with our high-dimensional 

text data 
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▪ Hierarchical Clustering: Computationally 

intensive for our dataset size 

▪ K-Means: Offered the best balance of 

computational efficiency and interpretability 

We addressed K-Means' limitations by : 

▪ Using multiple random initializations to 

minimize center sensitivity 

▪ Validating cluster stability through cross-

validation 

▪ Confirming cluster interpretability with domain 

experts 

The results of clustering the identified concepts 

related to international technology transfer in 

Industry 5.0 with a focus on high technologies are 

presented in Table 4. Further analysis revealed that 

organizations with diverse, cross-disciplinary 

teams demonstrated significantly higher success 

rates in technology transfer implementation, with 

sentiment analysis showing 72% positive 

sentiment scores for articles discussing cross-

disciplinary approaches. Figure 5 visually shows 

the distribution of the number of concepts in each 

cluster. In this chart, the size of each pie slice is 

proportional to the number of concepts in that 

cluster. 

 
Figure 5. Distribution of number of concepts in clusters 

related to international transfer of high technologies in 

Industry 5.0. 

The identified clusters reveal key patterns in 

technology transfer within Industry 5.0 : 

1. High Technologies cluster: Represents the 

technical foundation, showing strong 

interconnections between AI, IoT, and robotics 

technologies (54.4% of concepts) 

2. Technology Transfer cluster: Emphasizes the 

importance of knowledge transfer mechanisms 

and international collaboration (8.5% of 

concepts) 

3.  Industry 5.0 cluster: Highlights the shift 

towards sustainable and human-centric 

manufacturing (19.2% of concepts) 

4. Challenges and Opportunities cluster: Identifies 

key barriers and enablers in technology 

adoption (11.4% of concepts) 

5. Policymaking cluster: Reveals the critical role 

of regulatory frameworks (6.6% of concepts) 

Table 4. Results of clustering concepts related to 

international transfer of high technologies in Industry 5.0. 
Cluster   Related Concepts 

Cluster 1: High 

Technologies 

Nanotechnology, biotechnology, 
information and communication 

technology (ICT), AI, IoT, robotics, VR, 

AR   

Cluster 2: 

Technology 

Transfer 

Technical knowledge transfer, technology 

transfer, international collaborations, joint 

ventures, technology transfer agreements, 

intellectual property rights 

Cluster 3: Industry 

5.0  

Sustainable production, green 

manufacturing, circular economy, smart 
factories, automated production lines, 

energy efficiency, waste reduction 

Cluster 4: 
Challenges and 

Opportunities 

Legal barriers, political barriers, cultural 
barriers, market opportunities, technology 

demand, strategic partnerships, 

competitive advantage   

Cluster 5: 

Policymaking and 

Regulations 

Import and export laws, trade policies, 

international agreements, standards and 

regulations, innovation support, R&D 

investment 

 

This clustering provides insights into how different 

aspects of technology transfer interact and 

influence each other in the Industry 5.0 context . 

Figure 6 shows how the concepts are scattered in 

the feature space and the separation of the clusters. 

Each point in the chart represents a concept, and 

different colours indicate different clusters. This 

chart is plotted based on two features of the 

concepts: the "score" and "weight". The "score" 

represents the relative importance of the concept in 

the overall dataset, calculated using metrics such as 

term frequency-inverse document frequency (TF-

IDF). The "weight" indicates the relevance of the 

concept to the main research topic, as determined 

by domain experts on a scale of 1 to 10. This 

visualization helps to understand how similar 

concepts are grouped into clusters and how the 

clusters are separated from each other based on 

these two key features. 

After performing concept clustering, the quality of 

clustering was evaluated using the Silhouette 

coefficient to ensure proper separation of clusters, 

and the results are presented in Table 5. The clear 

separation between clusters (average silhouette 

score = 0.84) demonstrates distinct thematic 

groupings in our dataset. Analysis of the quadrants 

reveals important patterns: concepts in the upper-

right quadrant (high score, high weight) represent 

established core themes like 'AI integration' and 
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'sustainable manufacturing', while those in the 

upper-left quadrant (lower score, high weight) 

identify emerging trends that warrant further 

investigation in the context of Industry 5.0. 

Table 5. Results of evaluating clustering quality using the 

Silhouette coefficient. 
Clusters Silhouette Coefficient    

1 High Technologies   0.896 

2 Technology Transfer 0.809   

3 Industry 5.0 0.951 

4 Challenges and Opportunities   0.791 

5 Policymaking and Regulations 0.744 

 

5. Discussion and Conclusion 

In the present study, with the aim of identifying and 

analyzing key variables in the international transfer 

of high technologies in Industry 5.0, a text mining 

approach was used to analyze a large set of 

scientific articles and sources. Extracting key 

variables and concepts from textual data is 

considered an essential and vital part of text 

mining-based research. This process helps identify 

main elements, themes, and fundamental concepts 

in a vast amount of unstructured textual data. By 

identifying these variables and concepts, valuable 

insights into the subjects under study can be 

gained, and a deeper understanding of the existing 

trends, patterns, and challenges in that area can be 

achieved.  

This study has yielded several novel insights into 

the landscape of high-tech transfer in Industry 5.0, 

contributing new knowledge to the field. One of the 

key findings is the identification of a strong 

correlation between technology transfer success 

and cross-disciplinary collaboration networks, as 

evidenced by our sentiment analysis showing 

predominantly positive attitudes (72%) toward 

collaborative approaches and clustering results 

identifying cross-disciplinary teamwork as a 

recurring theme in successful implementations, a 

factor that has been underexplored in previous 

research. Our analysis revealed that companies 

with diverse, interdisciplinary teams were 

significantly more likely to successfully implement 

high technologies compared to those with more 

homogeneous team structures. This finding 

highlights the importance of fostering 

interdisciplinary collaboration in the context of 

Industry 5.0, a concept that goes beyond the 

traditional focus on technological integration. 
 

Figure 6. Two-dimensional scatter plot of concepts in the feature space and separation of clusters.   

In the present study, identifying the key variables 

and concepts related to the transfer of high 

technologies in Industry 5.0 plays a central role in 

answering the research questions and objectives. 

These variables and concepts reveal the influential 

factors, opportunities, challenges, and solutions 

related to this field, providing a more 

comprehensive understanding of this complex 

phenomenon. Moreover, identifying these key 

elements lays the groundwork for further in-depth 

analyses and the presentation of practical solutions 

in this area. Given the increasing importance of 
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high technologies in the transformation of 

industries and the transition to the new era of 

Industry 5.0, a deep understanding of the key 

variables and concepts in this field can greatly 

assist policymakers, companies, and other 

stakeholders in making informed decisions and 

designing effective strategies for the successful 

transfer of these technologies. 

The text mining approach employed in this study 

involved several stages that were carried out using 

advanced Python libraries in the field of natural 

language processing and machine learning. In the 

first step, a vast collection of reputable scientific 

articles and sources in the fields of technology 

transfer, high technologies, and Industry 5.0 were 

gathered and pre-processed. The pre-processing 

process included cleaning the texts from noise and 

unnecessary elements, converting the texts to a 

standard form, and removing frequently occurring 

and unimportant words. 

After data pre-processing, various text mining 

techniques were used to extract key variables and 

concepts. These techniques included: keyword 

extraction and topic modeling, identification of 

important and frequently occurring textual 

patterns, sentiment analysis of texts to identify 

positive or negative attitudes and perspectives 

towards high technologies, clustering of identified 

concepts to categorize and organize similar 

concepts into related clusters. This combined 

approach and the application of diverse text mining 

techniques enabled a comprehensive and multi-

dimensional extraction of key variables and 

concepts. Additionally, evaluating the quality of 

clustering using the Silhouette index helped ensure 

proper separation and internal cohesion of the 

clusters.  

The results of this analysis are actionable in several 

concrete ways, with direct practical implications 

for industry stakeholders and policymakers: 

• Cross-disciplinary Collaboration Framework: 

Based on our findings on the importance of 

diverse teams, we propose a framework for 

establishing cross-disciplinary collaboration 

initiatives. This framework includes: 

- Guidelines for forming interdepartmental 

project teams 

- Strategies for fostering partnerships between 

academia and industry 

- Metrics for evaluating the effectiveness of 

cross-disciplinary collaborations 

- Recommendations for incentivizing cross-

disciplinary work within organizations 

•  Cybersecurity Integration Model: Our analysis 

highlighted the critical role of cybersecurity in 

high-tech transfer. We have developed a model 

for integrating cybersecurity measures 

throughout the technology transfer process. 

This model includes: 

- A risk assessment matrix specific to Industry 

5.0 technologies 

- Protocols for secure data sharing in 

collaborative environments 

- Guidelines for implementing AI-driven 

security measures 

- Recommendations for allocating resources to 

cybersecurity within technology transfer 

budgets 

• Sentiment-Based Technology Adoption 

Strategy: Leveraging our sentiment analysis 

results, we propose a strategy for addressing 

negative perceptions and enhancing positive 

attitudes towards high technologies. This 

strategy includes: 

- Targeted communication plans for addressing 

specific concerns identified in the sentiment 

analysis 

- Guidelines for developing educational 

programs that address knowledge gaps and 

misconceptions 

- Recommendations for showcasing successful 

technology adoption case studies 

- Metrics for tracking changes in sentiment over 

time as adoption strategies are implemented 

• Policy Framework Template: Our analysis of 

policy-related concepts has led to the 

development of a comprehensive policy 

framework template for facilitating high-tech 

transfer in Industry 5.0. This template includes: 

- Specific tax incentive structures for R&D 

investments in Industry 5.0 technologies 

- Guidelines for establishing and managing 

regulatory sandboxes 

- Recommendations for aligning national 

innovation policies with Industry 5.0 principles 

- Metrics for evaluating the effectiveness of 

policy interventions in promoting high-tech 

transfer 

These actionable insights and tools provide 

concrete ways for stakeholders to apply our 

findings in real-world settings, facilitating the 

transfer of high technologies in the context of 

Industry 5.0. The extracted key variables and 

concepts are categorized into five main clusters, 

which are presented in Figure 7. 

The key variables and concepts extracted from the 

analysis of textual data reveal different aspects of 

the international transfer of high technologies in 

Industry 5.0 and provide a deeper understanding of 

the influential factors, opportunities, challenges, 

and solutions related to it. Through the 

identification and analysis of concepts related to 



Unveiling the Landscape of High-Tech Transfer in Industry 5.0: A Text Mining Exploration   

385 

 

"High Technologies", various emerging and 

advanced technologies that play a key role in the 

transformation of industries and the transition to 

the Industry 5.0 era can be identified, including 

technologies such as AI, IoT, robotics, VR, AR, 

and others. Understanding the characteristics, 

applications, and potentials of these technologies 

greatly assists in making informed decisions 

regarding investment, development, and transfer of 

these technologies.  
 

 

Figure 7. Key variables and concepts extracted in the field of international transfer of high technologies in Industry 5.0. 

Additionally, the concepts related to "Technology 

Transfer" and "Policymaking and Regulations" 

reveal the effective institutional and legal 

processes, mechanisms, and frameworks for 

international technology transfer. Knowledge of 

these concepts helps to better understand the 

successful transfer of technologies, facilitate 

international collaborations, support innovation, 

and comply with standards and regulations.  

The concepts in the "Industry 5.0" cluster also refer 

to new trends and approaches in industrial 

manufacturing, including sustainable production, 

smart factories, and process automation using high 

technologies. These concepts outline the future 

outlook for industries and assist companies and 

organizations in preparing for these 

transformations.  

On the other hand, the concepts related to 

"Challenges and Opportunities" reveal potential 

barriers and risks in the process of transferring high 

technologies. Identifying these challenges, such as 

legal, political, cultural barriers, security concerns, 

and high costs, enables planning and adopting 

appropriate strategies to address them. 

Furthermore, awareness of the potential 

opportunities and benefits of these technologies in 

creating competitive advantage, improving 

productivity, and developing markets reinforces 

the necessary incentives for investment and 

implementation. 

Another important aspect is the analysis of 

different attitudes and perspectives towards high 

technologies in Industry 5.0. As observed in the 

sentiment analysis, both positive attitudes 

(emphasizing the potential of these technologies 

for increasing productivity, innovation, and 

sustainability) and negative attitudes (stemming 

from security concerns, high costs, and potential 

negative impacts) exist. Understanding these 

different perspectives and their underlying reasons 
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aids in better managing the technology transfer 

process and adopting appropriate strategies to 

increase acceptance and reduce resistance to 

change. 

The findings of this study align with some previous 

studies in the field of high technology transfer but 

also present new perspectives and aspects. For 

example, Zakir et al. [39] and Igbinenikaro & 

Adewusi [40] also emphasized the importance of 

policymaking and legal frameworks in facilitating 

technology transfer. However, the present study, 

with a specific focus on Industry 5.0 and the 

application of the novel text mining approach, has 

been able to identify new key concepts and 

variables in this field. Additionally, unlike 

Guerrero & Urbano [20], which primarily focused 

on the challenges of technology transfer, this study 

has examined both the challenges and opportunities 

arising from this process. Moreover, while Na et al. 

[41] focused solely on specific technologies such 

as AI and IoT, the present study has considered a 

broader range of high technologies. This study has 

also been able to identify different attitudes and 

perspectives towards high technologies through the 

use of text mining and sentiment analysis, an aspect 

that has been overlooked in most previous studies 

such as [8]. 

Our analysis revealed significant complexities in 

the technology transfer landscape of Industry 5.0, 

particularly in cultural, political, and technical 

domains. Through systematic analysis of the 

literature, we identified that cultural challenges, 

including communication difficulties and 

organizational resistance, were discussed in a 

significant portion of the analyzed articles. These 

challenges particularly manifest in international 

technology transfer scenarios, where language 

barriers and diverse organizational practices create 

additional complexity layers. 

Political challenges emerged as another significant 

theme in our analysis, primarily focusing on trade 

restrictions, intellectual property concerns, and 

national security considerations. Our text mining 

results indicated that intellectual property 

protection and regulatory compliance were among 

the most frequently discussed barriers in the 

literature, highlighting the critical nature of these 

challenges in the technology transfer process. 

Technical challenges formed the third major 

category identified through our analysis, 

predominantly related to infrastructure 

compatibility and expertise requirements. The 

literature emphasizes the growing complexity of 

integrating advanced technologies within existing 

industrial frameworks, particularly in the context 

of Industry 5.0's human-centric approach. 

Regarding the methodological robustness of our 

study, we employed multiple validation approaches 

to ensure reliability. Our text mining methodology 

achieved 85% accuracy in sentiment analysis 

through manual validation, and the clustering 

analysis demonstrated strong internal consistency 

with an average silhouette score of 0.84. These 

metrics indicate the reliability of our analytical 

approach while acknowledging the inherent 

limitations of text mining methodologies. 

The generalizability of our findings varies across 

different domains. While our analysis provides 

valuable insights into the technology transfer 

landscape, we acknowledge that the application of 

these findings may vary depending on specific 

organizational contexts and regional factors. Future 

research could benefit from empirical testing of 

these findings across different industrial sectors 

and geographical regions to validate their broader 

applicability. 

While our study makes significant contributions to 

the field, it is important to acknowledge its 

limitations. First, our analysis is based on a 

selection of scientific literature primarily in 

English, which may not capture all perspectives, 

particularly from non-English speaking regions or 

non-academic sources. This limitation could 

potentially introduce bias in our findings towards 

certain viewpoints or technologies that are more 

prominently discussed in English-language 

academic literature. 

Second, the generalizability of our findings across 

different industries or regions may be limited. The 

landscape of high-tech transfer can vary 

significantly depending on factors such as local 

regulations, economic conditions, and 

technological infrastructure. For instance, the 

challenges and opportunities identified in our study 

may be more applicable to developed economies 

with advanced technological infrastructures, and 

may not fully reflect the realities of emerging 

economies. 

Third, our text mining approach, while powerful 

for analyzing large volumes of data, may miss 

nuanced or context-dependent information that 

could be captured through other methodologies 

such as case studies or interviews. For example, the 

complex dynamics of organizational culture and its 

impact on technology transfer might not be fully 

captured in published literature, and thus might be 

underrepresented in our analysis. 

Despite these limitations, our study makes a 

significant contribution to the field by providing a 

data-driven, comprehensive overview of the key 

variables in high-tech transfer for Industry 5.0. The 

practical implications and actionable insights 



Unveiling the Landscape of High-Tech Transfer in Industry 5.0: A Text Mining Exploration   

387 

 

derived from our analysis can serve as a valuable 

resource for stakeholders navigating this complex 

landscape. 

Considering these limitations, for future research in 

this field, it is recommended to conduct 

complementary qualitative studies such as in-depth 

interviews with experts and key stakeholders to 

gain more comprehensive and in-depth 

perspectives, expand the research to other 

languages and include sources and articles in 

various languages to increase data diversity, 

conduct case studies and examine the practical 

experiences of different companies, organizations, 

and countries and identify patterns and best 

practices, investigate the impact of specific factors 

such as cultural, political, and economic 

characteristics on this process, and monitor new 

developments and trends in high technologies and 

assess their impact on technology transfer. 

Conducting future research while considering these 

recommendations can provide a deeper and more 

comprehensive understanding of the phenomenon 

of international transfer of high technologies in 

Industry 5.0. 

Furthermore, future research could focus on 

developing and testing the effectiveness of the 

actionable tools and frameworks proposed in this 

study, such as the Cross-disciplinary Collaboration 

Framework and the Sentiment-Based Technology 

Adoption Strategy. This could involve longitudinal 

studies to track the impact of these interventions on 

technology transfer success over time. 

Additionally, comparative studies across different 

industries and regions could help refine and adapt 

these tools to specific contexts, enhancing their 

practical applicability and impact. 
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 چکیده:

صنعت المللی فناوریانتقال بین صنایع و گذار به  شی محوری در تحول  شرفته نق سان- کندایفا می 5.0های پی صنعتی ان سعه  محور، پارادایمی که بر تو

های متعددی مواجه استتت که مستتتلرم دری عمیغ متایرها و مفاهیم کلیدی ها و پیچیدگیآور تأکید دارد. با این حال، این فرآیند با چالشپایدار و تاب

ساس پروتکل  5.0پیشرفته در صنعت باشد. پژوهش حاضر با هدف شناسایی و تحلیل این متایرها در حوزه انتقال فناوری آن می انجام شده است. بر ا

سال ۸4مند ادبیات، مرور نظام شده بین  شر  صنعت  201۷های مقاله مرتبط منت شگاه تجاری  5.0)زمانی که  سمی در نمای ستین بار به طور ر برای نخ

CeBIT  شد( تا شامل ارتباط با موضو 2024معرفی  شده  شدند. این بر پایه معیارهای از پیش تعیین  ستنادی انتخاب  شار و تأثیر ا ع تحقیغ، کیفیت انت

های بندی مفاهیم که از طریغ کتابخانهسازی موضوعی و خوشهها، تحلیل احساسات، مدلکاوی شامل استخراج کلیدواژهمقالات با استفاده از رویکرد متن

ده، مورد تحلیل قرار گرفتند. نتایج، متایرها و مفاهیم کلیدی را در پنج ستتازی شتتپیاده Scikit-learnو  NLTK ،SpaCy ،TextBlobپایتون از جمله 

های صنعت های پیشرفته )شامل هوش مصنوعی، اینترنت اشیاء و رباتیک(، سازوکارهای انتقال فناوری، ویژگیکند: فناوریبندی میخوشه اصلی دسته

وری و پتانستتیل نوآوری(، و ها )شتتامل افرایش بهرههای بالای پذیرش( و فرصتتتهستتازی )مانند خارات امنیت ستتایبری و هرینهای پیاده، چالش5.0

که حالیدر کنند،هایی را برای ذینفعان فراهم میستتازند و بینشهای مختلف فرآیند انتقال فناوری را آشتتکار میها جنبههای قانونی. این یافتهچارچوب

صنعت  سان و فناوری در  سته می 5.0نقش حیاتی همکاری ان شی از تمرکر عمدتاً بر سازند. محدودیترا برج سوگیری احتمالی نا شامل  های ماالعه 

سی زبان و محدودیت شی در دری ظرافتادبیات انگلی ست. این پژوهش به دری عمیغهای ذاتی تحلیل متنی رایان سته به زمینه ا های تر پویاییهای واب

 دهد.گذاری و راهبردهای اجرایی ارائه میامدهای عملی برای سیاستکند و پیکمک می 5.0انتقال فناوری در صنعت 

 .یکاو، متن5.0صنعت  شرفته،یپ یهایفناور ،یالمللنیانتقال ب ،یانتقال فناور :کلیدیکلمات 

 


