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Questionnaire to Validate Barriers of Industry 5.0 pertaining Indian Manufacturing Industry

SECTION-A: (Study Background)

This research intends to answer the following research question: “What are the barriers that may hinder the successful implementation of Industry 5.0 in the context of developing nations and particularly India?”.?” 
Industry 5.0 (I5.0) is a new industrial paradigm where humans interact with machines through the use of IoT, sensors, and cyber-physical systems to transform existing factories into smart factories (Sharma et al., 2022). Digital technologies of I5.0 provide a real-time collection of data and analysis that leads to improved operational performance within industrial settings (Paschek et al., 2019). Continuous pursuits towards the attainment of sustainable development goals (SDGs) and I5.0 foster industrial organizational capability towards the mass customization of quality products with lower cost and lesser effects on environmental sustainability (Özdemir & Hekim, 2018). I5.0 technologies such as big data, IoT, and cyber-physical systems (CPS), among others, are envisioned to benefit society in unprecedented ways that include manufacturing, services, innovation aspects, and many new avenues for the next decade (Faruqi, 2019).
I5.0 can revolutionize the manufacturing sector by meeting continuous demand for highly customized products on a mass scale by sustaining the environment altogether with the safety, and well-being of industrial personnel. For this, I5.0 has gotten huge attention among policymakers, practitioners, and researchers in the last few years.  As a new model for industries, it is resisted by different levels of organization personnel, due to industrial and technological boundaries. In the literature, most of the studies of I5.0 are related to concepts, applications, and tools (Maddikunta et al., 2022). Despite the great potential of I5.0, its adoption has not been explored to fully tap into the manufacturing industries of India (Mukherjee et al., 2023). India is now the fifth largest economy in the world but not on the list of top five manufacturing hubs (Sindhwani et al., 2023). Further, according to recent reports despite the Indian government's huge efforts related to Make in India investment in the manufacturing sector is slummed due to innovation measures and the availability of skilled work professionals. For this, Indian manufacturing industries must comprehend the reasons that obstruct the adoption of Industry 5.0 in Indian manufacturing study. The existing studies of Industry 5.0 elaborated on know-how, basic concepts, and technology but didn’t elaborate on why there is less adoption from the perspective of the operational management and business viewpoint (Aslam et al., 2020; Doyle-Kent & Kopacek, 2021; Javaid et al., 2020; Kumar et al., 2023). The extensive study on the barriers is related to descriptive analysis of the barriers in a generalized manner and not specific to the manufacturing sector and a particular segment or nation (Mukherjee et al., 2023). The previous studies did not provide the prioritization of the barriers that provide a sequential way to remove the same. So, this research work is an attempt to explore barriers and associated criteria for increasing the promptness of I5.0 within the Indian manufacturing industry. The different barriers to I5.0 adoption in the Indian manufacturing industries are presented in Table 1.

 Table 1. Barriers to the adoption of Industry 5.0 in Indian manufacturing industry
	Barriers to I5.0
	Label
	Description
	Reference

	Resistive culture
	BA1
	Adoptions of advanced technologies coupled with I5.0 are resisted by organizational personnel due to their limited knowledge base towards new facets of manufacturing.  As organizational members are adept at traditional methods of working and new technology adoption is resisted due to a lack of change management, continuous learning, and a march towards excellence culture within the industrial setting.
	 (Raj et al., 2019) (Kamble et al., 2018b) (Horváth & Szabó, 2019)

	Digitization and automation of the process
	BA2
	Entwining physical processes and digital technologies adds to better management of operations in the transformation process of the realization of a product or service. This integration supports better management of transportation, and inventory, and promotes resource sharing, mutual collaboration, and trustworthiness among partners of SC. However, entwining technologies of I5.0 with traditional methods of work is also challenging due to non-availability standards and established benchmarks for comparison standards. 
	 (Sharma et al., 2022) (Kamble et al., 2018b)

	Integration challenges in the value chain
	BA3
	Adoption of I5.0 technologies demands collaboration, information exchange, and resource sharing among different of the SC and value chain. Mutual collaboration and trustworthiness among partners must be developed so that the adoption of I5.0 technologies will bring harmony for all partners of the SC by improving productivity, and profitability, and bringing a competitive edge for all partners at the global level
	 (Raj et al., 2019) (Liu et al., 2019)

	Lack of connection between physical and virtual systems
	BA4
	It is imperative to integrate all the aspects of virtual engineering, virtual factories, and virtual objects using a systematized CPS to have a virtual production system. A good set of technologies, security, and standards are demanded to exchange information between virtual and real production. 
	 (Rajput & Singh, 2019) (Liu et al., 2019)

	Concerted paradigm
	BA5
	I5.0 demands effective collaboration between robots and human actions to make an intelligent and accident-free workspace where robots can mimic, sense and analyze human intention. The collaborative model of the robot and human intelligence boosts research and development actions, creates smart devices coupled with the human touch, and ensures the development of a human-machine safety system that will reduce accidents and induce enhanced work satisfaction.
	 (Liu et al., 2019)

	Regularization of infrastructure
	BA6
	Preparing the industrial setting for the adoption of I5.0 demands considerable changes in the existing infrastructure for introducing automation and integration among numerous components.
	(Sharma et al., 2022)

	Lack of well-defined standards
	BA7
	As CPS built integration of the physical facilities with the virtual world, it becomes imperative to validate the framework of CPS with well-known established standards so that the product manufacturing system comprehends the required specified constraints.
	(Rajput & Singh, 2019)

	Lack of sustainability pursuits
	BA8
	The use of sustainable business practices and methods leads to a reduction in the cost associated with material handling and transportation. Resistive culture and lack of go-forward march culture further inhibit organizations from adopting sustainable practices like I5.0, circular economy, Green Lean Six Sigma, etc.
	(Sharma et al., 2022)

	Prone to accidents due to increased use of technologies 
	BA9
	Due to dissension and improper feedback, there are chances of more accidents due to the high level of automation. The use of smart robots that can comprehend human intentions and emotions is the next level of revolution that is demanded to make the workplace accident-free.
	(Kamble et al., 2018b)

	Financial constraints 
	BA10
	The adoption of I5.0 technologies demands considerable investment in the procurement of new technologies related to ICTs, the establishment of required infrastructure, and the research and development of collaborative robots that can interact and comprehend human interactions. The lack of funds from industrial organizations especially in developing nations like India further constrains the adoption of I5.0 incorporation methods.
	 (Kamble et al., 2018b) (Horváth & Szabó, 2019)

	
	
	
	







The criteria considered for the study are Productivity (PI), environmental aspects (EA), social aspects (SA), human-centered (HC), and facility-related (FR).  The responses provided by the manufacturing personnel will facilitate the appropriate weighting of criterion that helps in the ranking of I5.0 barriers. This is to solicit your participation in a survey of for weighting of the criterion and ranking of barriers as a part of our research work under the aegis of Lovely Professional University. It is assured that the information will be kept confidential and shall be used for academic purpose only.
· Organization/ Industry Name:
· Location:	
· Name of the Authority:
· Designation:
· Experience:
· Nature of Industry:


Q1. Do you experience that the list of barriers identified through the literature includes all the possible sets of barriers that affect the adoption of Industry 5.0 within the Indian manufacturing industry? Why or why not? Any suggestions for improvement?

---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q2. Do you experience that barriers once addressed systematically will lead to improvement in organizational sustainability? Why or why not? Any suggestions for improvement?
---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Q3. Does the digital system of technologies centered on human beings lead to fewer errors or accidents as compared to the complete set of automation? Why or why not? Any suggestions for improvement?

---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q4. Do you experience that all sets of barriers can be removed altogether or organization should make a systematic removal of the barriers by focusing first on the critical set of barriers.? Why or why not? Any suggestions for improvement?
---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q5. Do you believe the Industry 5.0 execution will require extra training and education on the different perspectives of the Industry 5.0 approach for the implementing organization to tap the full potential of Industry 5.0? Why or why not? Any suggestions for improvement?
---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Q6. Do you believe that an implementing organization will need to hire additional personnel, and/or invest in new technologies to ensure full scale implementation of the Industry 5.0? Why or why not? Any suggestions for improvement?
---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Q7. Overall, if your organization was interested in implementing an Industry 5.0 approach would you recommend addressing these barriers first and then ensuring full-scale implementation of Industry 5.0? Why or why not?
---------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 



