	Respondents’ IDs
	Qualification
	Experience (Years)
	Role
	Interview mode
	Industry

	R01
	Postgraduate
	6-10
	Assistant Manager 
	Online 
	Pharmaceuticals

	R02
	Graduate
	6-10
	Manager
	Telephonic 
	Electronics

	R03
	Postgraduate
	0-5
	Sales Manager 
	Telephonic
	Pharmaceuticals

	R04
	Graduate
	6-10
	QA Engineer 
	Online 
	Renewable Energy

	R05
	Graduate
	6-10
	Manager 
	Telephonic
	Metal Mechanics

	R06
	Graduate
	6-10
	Assistant Manager 
	Telephonic
	Construction Materials

	R07
	Graduate
	11-15
	Operations Manager
	Telephonic
	Machinery and Equipment

	R08
	Graduate
	6-10
	Operations Manager
	Online
	Pharmaceuticals

	R09
	Graduate
	0-5
	Engineer
	Telephonic
	Automobile, service

	R10
	Postgraduate
	11-15
	Specialist 
	Telephonic
	Manufacturing

	R11
	Graduate
	6-10
	Engineer
	Online
	Renewable Energy

	R12
	Postgraduate
	0-5
	Quality Assurance Manager 
	Online
	Metal Mechanics

	R13
	Graduate
	0-5
	Supervisor
	Online
	Automobiles

	R14
	Postgraduate
	0-5
	Senior Design Engineer
	Online
	Construction Materials

	R15
	Postgraduate
	0-5
	Process Manager
	Online
	Machinery and Equipment

	R16
	Graduate
	0-5
	Graduate Engineer Trainee
	Telephonic
	Automobile

	R17
	Postgraduate
	0-5
	Senior Manager Operations 
	Online
	Textiles

	R18
	Graduate
	6-10
	Deputy GM
	Online
	Electronics

	R19
	Graduate
	0-5
	GM (R&D)
	Online
	Machinery and Equipment

	R20
	Graduate
	6-10
	R&D Manager 
	Online
	Pharmaceuticals


APPENDIX A  
 Table A1: Respondent Details

Table A2: Interview guide 
All interviews followed a semi-structured interview protocol and were conducted via Zoom. The interviews were conducted following the guide presented below. 
	S.No
	                                                            Section A

	     Questions about the individual and Company

	1
	In which field do you hold an academic degree?

	2
	When did you join this company, and in what capacity?

	3
	What are your duties and responsibilities (business, technical, and design-related)?

	4
	Which Industry 4.0 technologies have been implemented in your organization?

	5
	What is your involvement in knowledge-related activities?

	6
	What is your organization's current stage of Industry 4.0 implementation?

	Section B
Questions about the knowledge management challenges and industry 4.0 component coordination

	1
	What issues does your organization face in obtaining useful insights from data stored in digital repositories for knowledge management in an Industry 4.0 environment?

	2
	Do inadequate employee skills and weak organizational learning mechanisms hinder knowledge generation?

	3
	How does rapid technological change affect learning and knowledge generation?

	4
	Does the organization have a clear strategic vision for generating knowledge in digital/Industry 4.0 environments?

	5
	How effectively do humans and AI systems collaborate to generate new knowledge in your organization?

	6
	Is it difficult to convert employees' tacit and experiential knowledge into explicit documented knowledge?

	7
	Does your organization possess standardized semantic models, taxonomies, or ontologies for knowledge conversion?

	8
	Do your employees have sufficient time and resources to document and codify knowledge?            

	9
	What difficulties arise while codifying digital or analytical knowledge into systems?

	10
	Are legacy systems properly integrated with modern knowledge repositories?

	11
	Do organizational resistance to change and employee attitudes affect KM?

	12
	Do your employees trust AI- or BDA-generated knowledge when making production decisions?

	13
	Do departmental boundaries affect knowledge sharing in your organization?

	14
	Does system interoperability facilitate smooth knowledge sharing across different platforms?

	15
	Do security or privacy concerns limit knowledge sharing and utilization?

	16
	Does your organization possess adequate infrastructure for effective knowledge utilization?

	17
	Is there misalignment between knowledge management practices and business processes?

	18
	Does your organization have feedback and learning mechanisms to improve knowledge utilization?

	19
	How do differences in software standards, platforms, and data formats create barriers to knowledge transfer among departments?

	20
	How do interdepartmental coordination and collaboration affect knowledge management?




Table A3: Relationship between categories and description
	Core Category for Knowledge Generation
	Relationships
	Main Category
	Description &Themes/Hypothesis

	High volume data generation
	Impede
	








Coordination among
I4.0 Components
	The rapid growth of data generated through sensors, IoT devices, and digital platforms in I4.0 environments often leads to information overload. When organizations lack effective analytics capabilities and knowledge filtering mechanisms, valuable insights remain hidden within massive datasets (Manesh et al., 2021; Gupta et al., 2022).
H1: - High volume data generation impedes effective knowledge generation, thereby affecting coordination among I4.0 components.

	Skilled manpower 
	Essential
	
	Human capital remains a cornerstone of knowledge management in I4.0, as skilled employees generate, interpret, and utilize knowledge effectively. Continuous reskilling and upskilling are essential to cope with automation and AI-driven processes. Research confirms that workforce competencies directly enhance organizational adaptability in smart manufacturing (Gupta et al., 2022; Bettiol & Micelli,2020 ).
H2: - Skilled manpower is essential for knowledge generation, which coordinates I4.0 components.

	Rapid technology change
	Influences
	
	The accelerating pace of technological innovation often disrupts knowledge cycles, making knowledge management challenging. Organizations must adapt knowledge management frameworks to rapidly evolving tools like AI, IoT, and big data analytics. Recent evidence shows that technology turbulence strongly affects knowledge management effectiveness in digital ecosystems (Karimi et al., 2025; Bettiol & Micelli, 2020).
H3: - Rapid technological change influences knowledge generation, which in turn affects the coordination of I4.0 components.

	Strategic vision
	Drives
	
	A clear strategic vision enables organizations to align knowledge management practices with I4.0 environment, ensuring systematic coordination of digital tools and processes. Studies highlight that strategic foresight significantly drives digital competitiveness and knowledge-driven performance (Ribeiro et al., 2022; Kamble et al., 2023; Entezarian & Mehraeen., 2024; Bem Machado et al., 2022).   
H4: - Strategic vision drives knowledge generation for systematic coordination of I4.0 components.

	Human-machine collaboration
	Necessary
	
	Effective collaboration between humans and intelligent systems such as AI, machine learning, and advanced analytics enhances organizational learning and knowledge creation. Humans provide contextual understanding and creativity, while machines contribute speed, accuracy, and predictive insights (Rossini & Tortorella, 2022).
H5: Human–machine collaboration is necessary for effective knowledge generation that supports coordination among I4.0 components.

	Core Category for Knowledge codification
	Relationships
	Main Category
	Description &Themes/Hypothesis

	Codifying tacit knowledge into explicit knowledge
	Accelerates 
	







Coordination among
I4.0 Components
	Codifying tacit knowledge into explicit formats strengthens knowledge transfer and supports innovation. Tools like AI, big data analytics, and digital platforms enable effective documentation of expert insights. Recent studies stress the importance of knowledge codification for achieving resilience in I4.0 ecosystems (Zhang et al., 2025; Kuyken & Schropp, 2023;  Ribeiro et al., 2022). 
H6: - Codifying tacit knowledge into explicit formats accelerates coordination of I4.0 components.

	Standardized semantic models
	Essential
	
	Standardized semantic models, taxonomies, and ontologies enable organizations to structure and organize knowledge in a consistent manner across digital systems. They facilitate interoperability between platforms, improve knowledge retrieval, and reduce ambiguity in data interpretation (Frank et al., 2024; Rejeb et al., 2025)
H7: Standardized semantic models are essential for knowledge codification that enhances the coordination of I4.0 components.

	Time and resources for codification
	Supports 
	
	Time and resources to codify knowledge accelerate knowledge management practices in I4.0. Research highlights that incentive-driven participation boosts knowledge management performance in smart workplaces (Bem Machado et al., 2022; Alonso et al., 2024; Karimi et al., 2025).
H8: - Time and resources for knowledge codification accelerate knowledge management practices.

	Codify complex digital and analytical knowledge
	Results in
	
	The ability to codify complex digital knowledge, such as analytics outputs, algorithms, and system insights, enables organizations to reuse and disseminate advanced expertise across departments. P

roper documentation of analytical processes improves transparency, reduces dependency on individual experts, and strengthens organizational memory. (Bettiol & Micelli, 2020; Celino et al., 2025).
H9: Codifying complex digital and analytical knowledge results in improved coordination of I4.0 components.

	Integration between old and new systems
	Necessary 
	
	Integration between old and new systems is necessary for effective knowledge management in I4.0. Seamless interoperability prevents data silos and supports continuous knowledge flows. Research findings suggest that successful system integration enhances organizational agility and KM outcomes (Manesh et al., 2021; Tabim et al., 2024; Bem Machado et al., 2022).
H10: - Integration between old and new systems is necessary for effective coordination of I4.0 components.

	Core Category for Knowledge Sharing 
	Relationships
	Main Category
	Description & Themes/Hypothesis


	Organizational                                        resistance to change

	Hinders
	








Coordination among
I4.0 Components
	Resistance to change, often stemming from fear, inertia, or lack of skills, can severely hinder the adoption of new processes based on novel knowledge. Even with the best insights and tools, if the workforce is resistant, the utilization of knowledge for optimizing I4.0 systems will be slow, inconsistent, and ineffective, ultimately jeopardizing the return on digital investments (Frank et al., 2024; Alonso, 2024; Ribeiro et al., 2022).
H11: - Organizational resistance to change hinders knowledge utilization and coordination of I4.0 components.

	Poor AI integration in KM system
	Impede 
	
	When artificial intelligence tools are not properly integrated into knowledge management systems, organizations struggle to transform data into actionable insights. Effective AI integration is therefore critical for enabling knowledge sharing in I4.0 environments (Tabim et al., 2024; Kuyken & Schropp, 2023).
H12: Poor AI integration in knowledge management systems impedes knowledge sharing and coordination of I4.0 components.

	Collaboration between departments
	Supports 
	
	Collaboration between departments facilitates codification of both tacit and explicit knowledge, fostering cross-functional learning. It ensures that valuable insights are documented and reused across the organization. Empirical findings suggest that interdepartmental collaboration is vital for integrating knowledge management in I4.0 systems ( Lepore et al., 2022;  Gupta et al., 2022; Zhang & Chen, 2024).
H13:- Collaboration between departments supports knowledge codification for the coordination of I4.0 components.

	System incompatibility restricting knowledge exchange
	Limits 
	
	Differences in software standards, platforms, and data formats can create barriers to communication between systems. Such incompatibility restricts the smooth exchange of knowledge across departments and technological infrastructures. (Lepore et al., 2022; Hafeez etal., 2025).
H14: System incompatibility, which restricts knowledge exchange, limits coordination among I4.0 components.

	Data security and privacy concern

	Influences 
	
	Data security and privacy concerns shape how knowledge is generated and shared in I4.0. Organizations must implement robust cyber security measures and governance frameworks to protect sensitive data flows. Studies demonstrate that privacy assurance enhances trust and encourages knowledge generation in digital manufacturing environments (Rejeb et al., 2025; Entezarian & Mehraeen. 2024;  Manesh et al., 2021).
H15:- Data security and privacy concerns influence knowledge generation for systematic coordination of I4.0 components.

	Core Category for Knowledge utilization
	Relationships
	
	Description & Themes/Hypothesis


	Infrastructure (Hardware& software)to effectively utilize the knowledge
	Essential 
	







Coordination among
I4.0 Components
	Robust hardware and software infrastructure is essential for effective knowledge utilization in I4.0. Digital platforms, cloud systems, and AI tools provide the foundation for leveraging organizational knowledge. Studies show that strong technological infrastructure enhances knowledge management outcomes (Ferreira et al., 2024; Lista Rossetti et al., 2024).
H16:- Infrastructure (Hardware& software) to effectively utilize knowledge is essential for the coordination of I4.0 components.

	Low interpretability of machine generated knowledge

	Impede 
	
	Although AI and analytics systems produce valuable insights, employees may find the outputs difficult to understand or trust. Lack of transparency in algorithms and complex analytical results can prevent employees from effectively applying machine-generated knowledge in decision-making. Improving interpretability is therefore essential for maximizing knowledge utilization in digital organizations (Lepore et al., 2022; Frank et al., 2024).
H17: Low interpretability of machine-generated knowledge impedes effective utilization of knowledge for coordinating I4.0 components

	KM business process misalignment
	Affects 
	
	When knowledge management practices are not aligned with organizational workflows and operational processes, knowledge remains underutilized. Misalignment creates inefficiencies, duplication of efforts, and poor integration between strategic goals and digital initiatives (Oks et al., 2024).
H18: Misalignment between knowledge management practices and business processes negatively affects the coordination of Industry 4.0 components.

	Feedback and learning mechanism
	Essential
	
	Continuous feedback and organizational learning mechanisms enable firms to refine knowledge practices and adapt to technological changes. Lessons derived from system performance, employee experiences, and data analytics support iterative improvements in I4.0 implementation (Mohanty et al., 2024 Sherif et al., 2024)
[bookmark: _GoBack]H19: Feedback and learning mechanisms are essential for effective knowledge utilization and the coordination of I4.0 components.













