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Appendix A: ISM methodology 
A.1. Structural Self-Interaction Matrix (SSIM) Formation
Contextual relationship among the barriers of SCM implementation in Bangladeshi RMG industries has been developed through the literature review and expert’s opinion on SSIM. The data have been collected from 10 experts, 7 from industry and 3 from academics which was collected within a period of 15 days. The majority of the respondents were senior managers and executives of different industries and teacher of reputed institutions. The following four symbols are used to show the direction of relationships between two barriers in SSIM as shown in Table A.1:
•	V: barrier i will help achieve barrier j
•	A: barrier j will help achieve barrier i
•	X: barrier i and j will help achieve each other
•	O: barrier i and j are unrelated.
Table A1. SSIM for the barriers to implement SCM in the Bangladeshi RMG industry.
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A.2. Forming the Reachability Matrix 
In the next step, initial reachability matrix (binary matrix) has been developed from the SSIM by substituting V, A, X, O with 1 or 0 as shown in Table A.2 as per the following rules:
	Rule 1: If entry in the cell (i,j) is V then (i,j) value in the reachability matrix will be 1 and (j,i) value will be 0
	Rule 2: If entry in the cell (i,j) is A then (i,j) value in the reachability matrix will be 0 and (j,i) value will be 1
	Rule 3: If entry in the cell (i,j) is X then (i,j) value and (j,i) value in the reachability matrix will be 1
	Rule 3: If entry in the cell (i,j) is O then (i,j) value and (j,i) value in the reachability matrix will be 0
The final reachability matrix is obtained by incorporating the transitivity rule that states if a variables U related to variable V and variable V is related to variable W, then U is necessarily related to W. The final reachability matrix is shown in Table A.3 where the transitivity is highlighted as 1*.
Table A2. Initial Reachability Matrix for the barriers to implement SCM in the Bangladeshi RMG industry.
	Barrier
	TE
	ME
	MCI
	FC
	RCC
	STP
	LJIT
	FLOI
	IT
	OOP
	DHPB

	TE
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	ME
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	MCI
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	FC
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0

	RCC
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0

	STP
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0

	LJIT
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
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	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
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	1
	0
	1
	1
	0
	0
	0
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	0
	0
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Table A3. Final Reachability Matrix for the barriers to implement SCM in the Bangladeshi RMG industry.
	Barrier
	TE
	ME
	MCI
	FC
	RCC
	STP
	LJIT
	FLOI
	IT
	OOP
	DHPB
	Driving Power

	TE
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2

	ME
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	MCI
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	3

	FC
	1
	0
	1
	1
	1*
	1
	1*
	1
	0
	1*
	0
	8

	RCC
	0
	1
	1
	0
	1
	1
	1
	1*
	0
	1*
	0
	7

	STP
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0
	7

	LJIT
	1*
	1*
	0
	0
	1
	1
	1
	1*
	0
	1*
	0
	7

	FLOI
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1*
	0
	2

	IT
	1*
	1
	0
	1
	1
	0
	1*
	1*
	1
	0
	0
	7

	OOP
	1*
	0
	1*
	0
	1*
	1
	1*
	1
	0
	1
	0
	7

	DHPB
	0
	1*
	1
	0
	0
	1
	1*
	1*
	0
	1*
	1
	7

	Dependence Power
	7
	7
	6
	2
	6
	6
	7
	8
	1
	7
	1
	58



A.3. Level Partitioning
The final reachability matrix, reachability and antecedent set for each barrier has been determined for level partition of barriers. The reachability set for a barrier consists of the barrier(s) itself and the other barriers which it may help to achieve, i.e.it is the set of barriers having binary digit 1 in its respective row in the final reachability matrix. The antecedent set consists of the barrier itself and other barriers, which may influence it, i.e., it is the set of barriers having binary digit 1 in its respective column in the final reachability matrix. Intersection set consists of common elements of reachability set and antecedent set. A barrier is assigned a level in the ISM hierarchy if its reachability set and the intersection set are same, as shown in Iteration Stage. After a barrier has been assigned a level, the barrier is then discarded for determining further levels. This procedure continues until level of each barrier is found.
Table A4. Level-Partitioning (Iteration 1)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	TE
	1,2
	1,3,4,6,7,9,10
	1
	 

	ME
	2
	1,2,3,5,7,9,11
	2
	i

	MCI
	1,2,3
	3,4,5,6,10,11
	3
	 

	FC
	1,3,4,5,6,7,8,10
	4,9
	4
	 

	RCC
	2,3,5,6,7,8,10
	4,5,6,7,9,10
	5,6,7,10
	 

	 STP
	1,3,5,6,7,8,10
	4,5,6,7,10,11
	5,6,7,10
	 

	LJIT
	1,2,5,6,7,8,10
	4,5,6,7,9,10,11
	5,6,7,10
	 

	FLOI
	8,10
	4,5,6,7,8,9,10,11
	8,10
	 

	IT
	1,2,4,5,7,8,9
	9
	9
	 

	OOP
	1,3,5,6,7,8,10
	4,5,6,7,8,10,11
	5,6,7,8,10
	 

	DHPB
	2,3,6,7,8,10,11
	11
	11
	 



Table A5. Level-Partitioning (Iteration 2)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	TE
	1
	1,3,4,6,7,9,10
	1
	 

	MCI
	1,3
	3,4,5,6,10,11
	3
	 

	FC
	1,3,4,5,6,7,8,10
	4,9
	4
	 

	RCC
	3,5,6,7,8,10
	4,5,6,7,9,10
	5,6,7,10
	ii

	STP
	1,3,5,6,7,8,10
	4,5,6,7,10,11
	5,6,7,10
	ii

	LJIT
	1,5,6,7,8,10
	4,5,6,7,9,10,11
	5,6,7,10
	ii

	FLOI
	8,10
	4,5,6,7,8,9,10,11
	8,10
	 

	 IT
	1,4,5,7,8,9
	9
	9
	 

	OOP
	1,3,5,6,7,8,10
	4,5,6,7,8,10,11
	5,6,7,8,10
	 

	DHPB
	3,6,7,8,10,11
	11
	11
	 



Table A6. Level-Partitioning (Iteration 3)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	TE
	1
	1,3,4,9
	1
	 

	MCI
	1,3
	3,4,11
	3
	 

	FC
	1,3,4,8
	4,9
	4
	 

	FLOI
	8
	4,8,9,11
	8
	iii

	IT
	1,4,8,9
	9
	9
	 

	OOP
	1,3,8
	4,8,11
	8
	iii

	DHPB
	3,8,11
	11
	11
	 



Table A7. Level-Partitioning (Iteration 4)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	TE
	1
	1,3,4,9
	1
	

	MCI
	1,3
	3,4,11
	3
	

	FC
	1,3,4
	4,9
	4
	

	IT
	1,4,9
	9
	9
	

	DHPB
	3,11
	11
	11
	iv



Table A8. Level-Partitioning (Iteration 5)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	TE
	1
	1,3,4,9
	1
	v

	MCI
	1,3
	3,4
	3
	

	FC
	1,3,4
	4,9
	4
	

	IT
	1,4,9
	9
	9
	



Table A9. Level-Partitioning (Iteration 6)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	MCI
	3
	3,4
	3
	vi

	FC
	4
	4,9
	4
	

	IT
	4,9
	9
	9
	



Table A10. Level-Partitioning (Iteration 7)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	FC
	4
	4,9
	4
	

	 IT
	4,9
	9
	9
	vii



Table A11. Level-Partitioning (Iteration 8)
	Barrier
	Reachability
	Antecedent
	Intersection
	Level

	FC
	4
	4
	4
	viii



Appendix B: Questionnaire survey used for data collection 
A questionnaire has been developed based on the barriers for implementing sustainable cellular manufacturing in RMG industries. Please respond to the following questionnaire. Please mark the factors on a five-point Likert scale: 1 (least important), 2 (not very important), 3 (important), 4 (very important), 5 (most important).

Table B1. Questionnaire for PCA
	Sl. No.
	Success Factor
	Description

	1
	Lack of Training and Education (TE)
	Elimination of Human errors is crucial for product quality in cellular manufacturing (CM), as one worker operates different machines, and workpieces are fixed several times. Training and worker development are essential for managing human resources in CM implementation.

	2
	Lack of Sociotechnical Knowledge (STK)
	Based on sociotechnical systems (STS) theories, it is suggested that a complementary match between technical and social systems is needed to ensure optimization of CM implementations.

	3
	Lack of multiskilled employee (ME)
	Coordination and high skill of workers are essential in CM, as workers have to work inside and outside the cell

	4
	Insufficient Management commitment and involvement (MCI)
	Management personnel are not willing for clear commitment and involvement to streamline. Lack of management supports one of the main points of unsuccessful implementation.

	5
	
Lack of Awareness about CM (ACM)
	Proper awareness program is necessary for successful implementation of sustainable cellular manufacturing (SCM). Proper Training would help to build multifunctional Teams and encourage the People to participate in the Changing.

	6
	Lack of Training Funds (TF)
	Insufficient Fund to conduct and conclude training program throughout the project.

	7
	Financial Constrains (FC)
	Unwillingness to invest from top management. Like Any Improvement initiative, the early Phase required finical investment to support Key element such as Technical infrastructure, External Consultants and also training for Employee.

	8
	Resistance to Culture Change (RCC)
	Cultural Difference in both national and organizational culture causes the barrier of Implementation. Change management and Cultural adoption among people is required. Since organizational culture is a strong barrier to change, which hinders the CM conversion process

	9
	Shortage of Leadership/Trainer (LT)
	Lack of internal and external trainer to train the People. In Bangladesh the CM practitioner are not available in all industrial area.

	10
	Lack of understanding the objective (UO)
	Total people understanding to get best result. People’s understanding of the objectives and method is important factor for CM implementation.

	11
	Lack of Strategic Thinking/Planning (STP)
	Long term clear strategic vision to show the path

	12
	Lack of implementation of JIT (LJIT)
	Resources Availability in time is mandatory to utilize Full capacity.  JIT is prerequisite for GT and CM

	13
	Social Impact (SI)
	People does not appreciate optimization due to unemployment issue. In Bangladesh maximum expert will be agreed that, one of the major advantages of cellular manufacturing is reduction of labor.

	14
	Lack of Knowledge about GT (KGT)
	Proper record about product similarities and characteristics. Identifying parts /Products families for cell is one of the critical problems for implementing CM.

	15
	Unplanned Floor Layout and Organizational Infrastructure (FLOI)
	Proper floor layout is essential according to machine and product category. The activities involved in CM implementation involve update on the current layout, inventory of objects in manufacturing cell, machine footprints, routing of parts sequencing of jobs on a machine, analysis of from–to chart, determination of alternative layouts, generation of layouts for conventional sub cells, and determination of machine loads in sub cells.

	16
	Nonuniform Order Flow (NOF)
	Consistence order Flow is necessary to distribute workload in different Cell.

	17
	Information gap (IG)
	An overall lack of information on sustainable cellular manufacturing is one of the major barriers to adopting SCM practices. Overcoming this barrier can help to implement SCM practices in RMG.

	18
	Lack of Mutual Respect and Trust (MRT)
	The employee and management groups within the company do not appreciate each other’s contributions and do not believe each other’s.

	19
	Unfamiliarity to Total Productive Maintenance (TPM)
	To determine the success and complete efficacy of the manufacturing process from sustainable cellular manufacturing, well organized maintenance of the production and plant machinery is essential.

	20
	Cost of Sustainability and Economic Conditions (SEC)
	A combination of the cost of sustainable practices and the poor economic conditions existing in Bangladesh hinders the implementation of SCM in traditional manufacturing.

	21
	Lack of Eco-Literacy amongst Manufacturers (ELM)
	Many manufacturers are not conscious of the ecological implications of manufacturing process, which hinder the implementation of SCM.

	22
	Absence of Society Pressure (SP)
	Bangladesh is an overpopulated country. Most of the people are not aware of green practices, sustainability, and environmental issues.

	23
	
Insufficient Technology (IT)
	Sustainable cellular manufacturing (SCM) in RMG sectors requires many innovative technologies. The lack of advanced technology may hinder the implementation of SCM in RMG sectors.

	24
	Unsupportive Organizational and Operational Policy (OOP)
	Unsupportive organizational and operational policies can significantly hinder the implementation of new concepts and programs within the entire organization

	25
	Cost of Disposal of Hazardous Products (DHP)
	Disposal of dangerous products needs high-tech machine and experts. Due to the high cost of disposal of hazardous waste, SCM implementation becomes uncertain.

	26
	Lack of Knowledge of Economic Benefits (EB)
	Sustainable activities lead to economic gain. But due to unavailability of assessment of the profitability of sustainable businesses, industries have less idea of economic profit of SCM practices.

	27
	Un-availability of Bank Loans to Encourage SCM (BLE)
	Financial institutions i.e., banks are not aware of the profitability of sustainable activities. Industries don’t find loan facilities for SCM from the banks easily. This situation hinders SCM practices severely.

	28
	Lack of International Environmental Certification (IEC)
	Manufacturing industries need to achieve sustainability certification i.e., ISO 14001 if they want to maintain the compliance of the international standard. Without this certification, manufacturers cannot implement SCM practices correctly.




