
 
Abstract—There is drastic change in manufacturing era in last 

two decades. It has become mandatory for the industries to become 
aware of latest and advanced manufacturing technologies and 
strategies. Leagile manufacturing focuses on minimizing the wastes 
and meeting customers’ requirements in minimum time possible. 
However, it becomes difficult to implement all leagile tools 
simultaneously in industry. In this paper, 17 main criteria of leagile 
manufacturing have been found and DEMATEL (Decision Making 
Trial and Evaluation Laboratory) approach has been applied to 
analyze importance of criteria and casual relations among these 
criteria. 

 
Keywords—Agile, DEMATEL approach, lean, 

leagilemanufacturing. 

I. INTRODUCTION AND LITERATURE REVIEW 

EAGILE is a combination of both lean and agile 
manufacturing. Lean tries to eliminate all those activities 

which do not add value to the product. Lean Manufacturing 
tries to eliminate different types of wastes that include 
overproduction, motion, transportation, defects, inventory, etc. 
Agility can be defined as business wide practice that enables 
enterprise to respond to sudden changes and meet widely 
varied customer requirements. Postponement is delaying of 
operational activities in a system until customer orders are 
received rather than completing activities in advance and then 
waiting for orders. 

For better understanding of leagility concept, it is necessary 
to study both concepts; lean and agile. Implementation of lean 
manufacturing in industries fully started from Womack’s 
famous book ‘The machine that changed the world’ [1]. The 
lean manufacturing concept focuses on maximum customer 
satisfaction by providing quality products at reasonable cost. 
The need of lean capability has become mandatory for all 
organizations in order to survive in the market [2]. VSM is 
found to be important tool by enhancing the value of the 
product and eliminating all those activities which do not add 
value to the product [3]. Lean manufacturing involves various 
tools and techniques which have ultimately objective of 
achieving maximum customer satisfaction by proving quality 
products to customers. Lean and agile manufacturing are most 
widely used strategies in the current scenario [4]. 

Agility means using market knowledge as well as virtual 
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corporation to exploit profitable opportunities in volatile 
market. Leagile system has characteristics of both lean and 
agile manufacturing systems. Reference [5]-[7], defined agile 
manufacturing as the capability of organization to exploit 
market opportunities in cost effective manner [20].  

II. IDENTIFICATION OF LEAGILE MANUFACTURING 
CRITERIA’S 

17 leagile manufacturing criteria are identified and listed in 
Table I. 

 
TABLE I  

LIST OF LEAGILE CRITERIA 

S.No Leagile Manufacturing Criteria Authors 

1 Six Sigma [8]-[11] 

2 Supplier Development [12]-[15] 

3 Information Technology [16]-[19] 

4 Kaizen [20]-[23] 

5 Remuneration and Increment Policies [24]-[26] 

6 Training and Motivational Programs [27], [28] 

7 Poke Yoke [10], [15] 

8 FMEA (Failure Mode and Effect Analysis) [29]-[31] 

9 ERP (Enterprise Resource Planning) [32]-[35] 

10 Group Technology [36], [37] 

11 Organizational Culture [38]-[40] 

12 Innovation and R & D [41], [42] 

13 TQM [43]-[46] 

14 Reconfiguration capabilities [10], [15], [21] 

15 Concurrent Engineering [47]-[49] 

16 Supply Chain Management (SCM) [10], [11], [15] 

17 CIM (Computer Integrated Manufacturing) [39], [46], [49] 

III. QUESTIONNAIRE BASED SURVEY 

 The questionnaire consist of 17 leagile criteriawhich have 
been found out through literature review. For evaluating the 
questionnaire, 5 point Likert scale was used. 1 stands for no 
influence, 2 stands for low influence, 3 stands for medium 
influence, 4 stands for high influence and 5 stands for very 
high influence. 

A. Survey Administration 

Self-contact, e-mail and postal methods were used for 
analysis of survey. In total, questionnaires were sent to 100 
Indian companies.  

B. Survey Responses and the Respondents’ Profile 

37 filled questionnaires were received out of 100 sent 
questionnaire. Seven questionnaires were incompletely filled 
and were removed. So, only 30 of them are considered for 
analysis. This gives a response rate of 30%, which is not very 
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low for analyses. 

C. Results of Survey 

The main purpose of this questionnaire-based survey was to 
find the pre-requirements (i.e. leagile criteria’s) for the 
transition to Leagile manufacturing. Major finding of this 
survey is that only 30% companies are interested in transition 
to leagile manufacturing system. 

IV. DEMATEL TECHNIQUE 

DEMATEL (Decision Making Trail and Evaluation 
Laboratory), has been most widely used technique to solve 
complex decisions. 
Step1. Obtain the experts’ opinion and construct average 

matrix A.  
A group of experts are selected and asked to make the direct 

level of influence between 1 and 5 based on pair-wise 
comparison.  
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Step2. Compute the normalized initial direct relation matrix D 
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Each element in matrix falls between 0 and 1, where n is the 

number of respondents. 
Step3. Determine Total Relation Matrix is defined as 

1)(  DIDT , where I is the identity matrix. 

Step4. Calculate the sums of rows and columns of matrix T. In 
the total-influence matrix T, the sum of rows and the 
sum of columns are represented by vectors r and c, 
respectively.  

Step5: Determine C + Rand C–R and compute threshold value 
which is average of all values of Total Relationship matrix  T.

V. CALCULATIONS AND RESULTS 
TABLE II 

ASSESSMENT DATA OF GENERAL MANAGER 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 3 2 1 3 4 2 3 4 4 1 2 3 2 4 3 3 
2 2 3 4 3 5 3 2 4 3 1 2 3 1 3 2 3 
3 4 3 4 4 2 3 4 3 1 4 2 4 1 4 3 3 
4 4 3 4 4 3 3 3 4 1 4 3 2 4 1 4 3 
5 4 3 3 4 4 1 4 1 4 4 3 1 1 4 4 3 
6 1 2 4 3 1 2 3 2 3 2 3 4 2 1 3 2 
7 3 2 4 1 2 3 3 2 3 4 2 3 3 2 2 1 
8 3 2 2 2 3 4 2 1 2 3 2 4 2 3 4 2 
9 3 2 3 4 1 5 2 1 2 3 2 2 3 2 4 2 
10 3 4 2 3 4 3 2 1 3 3 4 2 4 2 3 1 
11 5 3 2 4 3 4 2 3 3 2 2 3 4 3 2 3 
12 4 3 4 3 2 3 1 4 3 4 4 3 4 3 4 2 
13 2 3 2 4 3 4 3 2 4 3 4 3 4 2 1 2 
14 1 4 2 1 2 1 1 2 3 4 2 4 3 1 2 2 
15 2 3 3 2 4 5 1 2 1 2 3 2 1 2 3 1 
16 3 2 4 3 2 3 3 2 4 1 3 1 3 1 2 1 
17 4 3 2 1 2 3 2 3 2 1 3 2 4 1 3 2 2 

 
TABLE III 

INITIAL AVERAGE MATRIX A FOR LEAGILE CRITERIA 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 0 3.8 1.9 1.4 2.9 3.5 1.8 2.6 3.6 3.8 1.2 2.1 2.7 1.7 3.4 2.7 3.2 42.3 
2 1.8 0 2.8 3.5 2.8 4.8 2.7 1.8 3.8 2.9 1.2 1.8 2.8 1.2 3.1 1.8 2.7 41.5 
3 3.5 2.8 0 3.4 3.5 1.8 2.8 3.7 3.1 1.1 3.5 1.9 3.8 1.2 3.7 2.8 3.1 45.7 
4 3.8 2.7 3.8 0 3.8 2.7 2.8 2.8 3.7 1.2 3.8 2.8 1.2 3.8 1.1 3.8 2.6 46.4 
5 3.8 2.8 3.9 2.8 0 3.7 1.3 3.8 1.1 3.8 3.9 2.7 1.2 1.2 3.7 3.7 2.8 46.2 
6 1.2 1.9 3.8 2.8 1.2 0 1.8 2.7 1.9 2.7 1.2 2.4 3.8 2.2 1.2 2.7 1.9 35.4 
7 2.8 1.8 3.7 1.2 2.5 2.7 0 2.8 2.1 2.9 3.8 1.9 2.9 3.2 1.8 1.7 1.2 39 
8 2.9 1.9 2.1 1.5 2.8 3.8 1.3 0 1.2 2.1 2.7 1.9 3.8 2.2 2.7 3.5 1.7 38.1 
9 2.9 1.9 2.7 1.3 1.2 4.5 1.4 1.2 0 2.1 2.8 1.8 2.1 3.2 1.8 3.6 1.8 36.3 
10 2.7 3.8 1.6 2.8 3.7 2.7 1.1 1.1 2.9 0 2.8 3.7 2.2 3.8 1.9 2.8 1.1 40.7 
11 4.7 2.8 1.5 3.5 2.7 3.6 1.2 2.7 2.7 2.1 0 1.8 3.2 3.8 2.7 1.8 2.9 43.7 
12 3.8 2.9 3.5 2.5 1.8 2.7 1.1 3.7 2.6 3.6 3.8 0 2.8 3.7 2.8 3.7 1.9 46.9 
13 1.9 2.8 1.9 3.5 2.7 3.7 2.8 1.1 3.5 2.8 3.8 2.8 0 3.6 1.9 1.2 1.8 41.8 
14 1.8 3.8 1.8 1.2 1.8 1.2 1.2 1.9 2.9 3.7 1.9 3.5 2.8 0 1.1 1.8 1.9 34.3 
15 1.8 2.8 2.9 1.2 3.8 4.8 1.1 2.1 1.1 1.1 2.7 1.8 1.2 1.8 0 2.8 1.1 34.1 
16 2.7 1.8 3.7 2.8 1.8 2.6 2.9 2.2 3.7 1.2 2.8 1.2 2.8 1.2 1.9 0 1.3 36.6 
17 3.8 2.9 1.6 1.1 1.6 2.7 1.2 2.8 1.8 1.1 2.8 1.8 3.8 1.1 2.8 1.8 0 34.7 

45.9 43.2 43.2 36.5 40.6 51.5 28.5 39 41.7 38.2 44.7 35.9 43.1 38.9 37.6 42.2 33 
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TABLE IV 
NORMALIZED INITIAL DIRECT RELATION MATRIX D 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 0 0.074 0.037 0.027 0.056 0.068 0.035 0.05 0.07 0.074 0.023 0.041 0.052 0.033 0.066 0.052 0.062 

2 0.03 0 0.054 0.068 0.054 0.093 0.052 0.035 0.074 0.056 0.023 0.035 0.054 0.023 0.06 0.035 0.052 

3 0.07 0.054 0 0.066 0.068 0.035 0.054 0.072 0.06 0.021 0.068 0.037 0.074 0.023 0.072 0.054 0.06 

4 0.07 0.052 0.074 0 0.074 0.052 0.054 0.054 0.072 0.023 0.074 0.054 0.023 0.074 0.021 0.074 0.05 

5 0.07 0.054 0.076 0.054 0 0.072 0.025 0.074 0.021 0.074 0.076 0.052 0.023 0.023 0.072 0.072 0.054 

6 0.02 0.037 0.074 0.054 0.023 0 0.035 0.052 0.037 0.052 0.023 0.047 0.074 0.043 0.023 0.052 0.037 

7 0.05 0.035 0.072 0.023 0.049 0.052 0 0.054 0.041 0.056 0.074 0.037 0.056 0.062 0.035 0.033 0.023 

8 0.06 0.037 0.041 0.029 0.054 0.074 0.025 0 0.023 0.041 0.052 0.037 0.074 0.043 0.052 0.068 0.033 

9 0.06 0.037 0.052 0.025 0.023 0.087 0.027 0.023 0 0.041 0.054 0.035 0.041 0.062 0.035 0.07 0.035 

10 0.05 0.074 0.031 0.054 0.072 0.052 0.021 0.021 0.056 0 0.054 0.072 0.043 0.074 0.037 0.054 0.021 

11 0.09 0.054 0.029 0.068 0.052 0.07 0.023 0.052 0.052 0.041 0 0.035 0.062 0.074 0.052 0.035 0.056 

12 0.07 0.056 0.068 0.049 0.035 0.052 0.021 0.072 0.05 0.07 0.074 0 0.054 0.072 0.054 0.072 0.037 

13 0.04 0.054 0.037 0.068 0.052 0.072 0.054 0.021 0.068 0.054 0.074 0.054 0 0.07 0.037 0.023 0.035 

14 0.03 0.074 0.035 0.023 0.035 0.023 0.023 0.037 0.056 0.072 0.037 0.068 0.054 0 0.021 0.035 0.037 

15 0.03 0.054 0.056 0.023 0.074 0.093 0.021 0.041 0.021 0.021 0.052 0.035 0.023 0.035 0 0.054 0.021 

16 0.05 0.035 0.072 0.054 0.035 0.05 0.056 0.043 0.072 0.023 0.054 0.023 0.054 0.023 0.037 0 0.025 

17 0.07 0.056 0.031 0.021 0.031 0.052 0.023 0.054 0.035 0.021 0.054 0.035 0.074 0.021 0.054 0.035 0 
 

TABLE V 
 TOTAL RELATIONSHIP MATRIX T 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 0.19a 0.25 0.21 0.18a 0.22 0.28 0.15a 0.21 0.24 0.23 0.2a 0.19a 0.2a 0.19a 0.22 0.23 0.2a 3.57 

2 0.22 0.18a 0.23 0.22 0.22 0.3 0.17a 0.19 0.24 0.21 0.2a 0.18a 0.21 0.18a 0.21 0.21 0.19a 3.56 

3 0.27 0.25 0.2a 0.23 0.25 0.27 0.18a 0.24 0.25 0.19a 0.26 0.2a 0.24 0.2a 0.24 0.24 0.21 3.91 

4 0.28 0.25 0.27 0.17a 0.25 0.28 0.19a 0.23 0.26 0.2a 0.27 0.22 0.2a 0.24 0.2a 0.26 0.21 3.97 

5 0.28 0.25 0.27 0.22 0.19a 0.3 0.16a 0.25 0.21 0.24 0.27 0.21 0.2a 0.2a 0.24 0.26 0.21 3.96 

6 0.18a 0.19a 0.22 0.19a 0.17a 0.18a 0.14a 0.19a 0.19a 0.19a 0.18 0.17a 0.2a 0.18a 0.16a 0.2a 0.16a 3.07 

7 0.23 0.2a 0.23 0.17a 0.2a 0.25 0.11a 0.2a 0.2a 0.2a 0.24 0.18a 0.2a 0.21 0.18a 0.2a 0.16a 3.37 

8 0.22 0.2a 0.2a 0.17a 0.2a 0.26 0.14a 0.15a 0.18a 0.19a 0.21 0.17a 0.21 0.19a 0.19a 0.22 0.16a 3.27 

9 0.21 0.19a 0.2a 0.16a 0.17a 0.26 0.13a 0.16a 0.15a 0.18a 0.21 0.16a 0.18a 0.2a 0.17a 0.22 0.15a 3.09 

10 0.23 0.25 0.21 0.2a 0.23 0.26 0.14a 0.18a 0.23 0.16a 0.23 0.21 0.19a 0.23 0.19a 0.22 0.16a 3.51 

11 0.28 0.24 0.21 0.22 0.22 0.29 0.15a 0.22 0.23 0.21 0.19a 0.19a 0.22 0.23 0.21 0.22 0.2a 3.72 

12 0.28 0.25 0.26 0.22 0.22 0.29 0.16a 0.25 0.24 0.24 0.27 0.17a 0.23 0.25 0.23 0.26 0.19a 3.99 

13 0.22 0.23 0.22 0.22 0.22 0.28 0.17a 0.18a 0.24 0.21 0.25 0.2a 0.16a 0.23 0.19a 0.2a 0.17a 3.59 

14 0.19a 0.22 0.18a 0.15a 0.17a 0.2 0.12a 0.17a 0.2a 0.2a 0.19a 0.19a 0.18a 0.13a 0.15a 0.18a 0.15a 2.97 

15 0.19a 0.2a 0.2a 0.15a 0.21 0.26 0.12a 0.17a 0.16a 0.15a 0.2a 0.16a 0.15a 0.16a 0.13a 0.2a 0.14a 2.95 

16 0.22 0.19a 0.23 0.19a 0.18 0.24 0.16a 0.18a 0.22 0.16a 0.21 0.15a 0.19a 0.17a 0.17a 0.16a 0.15a 3.17 

17 0.22 0.2a 0.18a 0.15a 0.17 0.23 0.12a 0.19a 0.18a 0.15a 0.2a 0.16a 0.2a 0.15a 0.18a 0.18a 0.12a 2.98 

3.91 3.72 3.72 3.22 3.49 4.42 2.51 3.37 3.62 3.32 3.77 3.11 3.35 3.33 3.27 3.65 2.91 

Note: a values below threshold 
 

TABLE VI 
DEGREE OF TOTAL INFLUENCE OF LEAGILE CRITERIA 

Criteria Sum(C) Sum R Prominence(C+R) Net Effect(C-R) Group  
C1 3.571 3.908 7.479 -0.337 Effect 
C2 3.562 3.715 7.277 -0.153 Effect 
C3 3.91 3.718 7.628 0.192 Cause 
C4 3.972 3.216 7.188 0.756 Cause 
C5 3.956 3.485 7.441 0.471 Cause 
C6 3.073 4.415 7.488 -1.342 Effect 
C7 3.371 2.511 5.882 0.86 Cause 
C8 3.27 3.367 6.637 -0.097 Effect 
C9 3.094 3.619 6.713 -0.525 Effect 
C10 3.505 3.318 6.823 0.187 Cause 
C11 3.716 3.768 7.484 -0.052 Effect 
C12 3.994 3.106 7.1 0.888 Cause 
C13 3.592 3.345 6.937 0.247 Cause 
C14 2.965 3.329 6.294 -0.364 Effect 
C15 2.945 3.267 6.212 -0.322 Effect 
C16 3.17 3.648 6.818 -0.48 Effect 
C17 2.977 2.908 5.885 0.069 Cause  
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Fig. 1 Overall DEMATEL Prominence Casual Graph 
 

The threshold value is calculated by taking average of all 
values of total relationship matrix and it is equal to 0.20. 

VI. CONCLUSION AND IMPLICATIONS 

For successfully implementing leagile system, it will be 
convenient to categorize the leagile criteria. DEMATEL 
approach categorizes the criteria based on C-R values. The 
leagile criteria are classified in to cause and effect categories. 
If C-R value is positive, leagile criteria will fall under cause 
category and if C-R value is negative, leagile criteria will fall 
under effect category The Criteria 1 (Six sigma), 2 (Supplier 
Development), 6 (Training and development programs), 8 
(FMEA), 9 (ERP), 11 (Organizational Culture), 14 
(Reconfiguration capabilities), 15 (Concurrent Engineering), 
16 (Supply Chain Management) represents effect group. The 
criteria 3 (Information Technology), 4 (Kaizen), 5 
(Remuneration and Increment Policy), 7 (Poke Yoke), 10 
(Group Technology), 12 (Innovation and R & D), 13 (TQM), 
17 (CIM) are placed under cause group. The paper provides a 
comprehensive set of criteria and their interrelationships for 
implementing leagile manufacturing successfully. With the 
help of casual diagram, the complex problem can be easily 
solved and better decisions can be made with relative ease. 
The manager can better understand the implications involved 
and in better position to make sound and effective decisions.  

REFERENCES 
[1] Liker, J.K. and Hoseus, M., “Human resource development in Toyota 

culture”, International Journal of Human Resources Development and 
Management, Vol. 10 No. 1, 2010, pp. 34-50A., Agarwal, R. Shankar, 
M.K. Tiwari, ‘Modeling the me trics of lean, agile and leagile supply 
chain: An ANP-based approach’, European Journal of Operational 
Research. Vol.173, 2006, pp. 211-225. 

[2] A.C. Yao, J.G.H. Carlson, Agility and mixed-model furniture 
production, International Journal of Production Economics. Vol.81–82, 
2003, pp. 95-102. 

[3] Lander, E. and Liker, J.K., “The Toyota production system and art: 
making highly customized and creative products the Toyota way”, 

International Journal of Production Research, Vol. 45 No. 16, 2007, pp. 
3681-3698. 

[4] Alagaraja, M., “The strategic value and transaction effectiveness of 
HRD”, European Journal of Training and Development, Vol. 37 No. 5, 
2013, pp. 436-453. 

[5] L. Purvis, J. Gosling, M.M. Naim, ‘The development of a lean, agile and 
leagile supply network taxonomy based on differing types of 
Flexibility’, International Journal of Production Economics. Vol.151, 
2014, pp.100-111Jusko, J., “Strategic deployment: how to think like 
Toyota”, Industry Week, 2007, pp. 34-37. 

[6] Koenigsaecker, G., “Leading the lean enterprise transformation”, CRC 
Press Taylor & Francis Group, Boca Raton, FL,2013. 

[7] B.J. Naylor, M.M. Naim, D. Berry, Leagility, ‘Integrating the lean and 
agile manufacturing paradigms in the total supply chain’, International 
Journal of Production Economics. Vol.62, 1999, pp. 107-118.  

[8] Bonavia, T. and Marin-Garcia, J.A. (2011), “Integrating human resource 
management into lean production and their impact on organizational 
performance”, International Journal of Manpower, Vol. 32 No. 8, pp. 
923-938. 

[9] Brown S. and Bessant, J., ‘The Manufacturing Strategy-Capabilities 
Links in Mass Customization and Agile Manufacturing: An Exploratory 
Study’, International Journal of Operations and Production Management, 
Vol.23, No.7, 2000, pp. 707-730. 

[10] Brown, R., The People Side of Lean Thinking, BP Books, Mukilteo, 
WA, 2012. 

[11] Christopher, M and Towill, D. ‘Supply chain migration from lean and 
functional to agile and customized’, Supply chain Management, Vol.5, 
No.4, 2000, pp.206-13. 

[12] H. Sternberg, G. Stefansson, E. Westernberg, R.B. afgennäs, E. 
Allenström, M.L. Nauska, ‘Applying a lean approach to identify waste 
in motor carrier operations’, International Journal of Productivity and 
Performance Management. Vol.62, 2013, pp. 47-65. 

[13] Hodge, G.L., Ross, K.G., Joines, J.A. and Thoney, K.K. ‘Adapting lean 
manufacturing principles to the textile industry’, Production Planning 
and Control: The Management of Operations, Vol. 22, No. 3, 2011, 
pp.237–247. 

[14] Naylor, J.B, Naim, M.M and Berry, D, ‘Leagility: Integrating the lean 
and agile manufacturing paradigms in total supply chain’, International 
Journal of Production Economics, Vol.62,1999, pp.107-18. 

[15] I. Cil, Y. Turkan, ‘An ANP-based assessment model for lean enterprise 
transformation’, The International Journal of Advanced Manufacturing 
Technology. Vol. 64, 2013, pp. 1113-1130.  

[16] Pandey, V.C. and Garg, S. ‘Analysis of interaction among the enablers 
of agility in supply chain’. J. Advances in Management Research, Vol. 
6, No. 1, 2009, pp.99–114. 

[17] Pullan, T.T., Bhasi, M. and Madhu, G., ‘Decision support tool for lean 
product and process development’, Production Planning and Control: 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:11, No:4, 2017 

1024International Scholarly and Scientific Research & Innovation 11(4) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:1
1,

 N
o:

4,
 2

01
7 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
07

29
4.

pd
f



The Management of Operations, Vol. 24, No. 6, 2011, pp.449–464. 
[18] Quinn, F., “The lion of lean: an interview with James Womack”, Supply 

Chain Management Review, Vol. 9 No. 5, 2005, pp. 28-33. 
[19] Ramesh, A., Banwet, D.K. and Shankar, R., ‘Modeling the barriers of 

supply chain collaboration’, Journal ofModeling in Management, Vol. 5, 
No. 2, 2010, pp.176–193. 

[20] R. Dubey, and A. Gunasekaran, ‘Agile manufacturing: framework and 
its empirical validation’. The International Journal of Advanced 
Manufacturing Technology, Vol.76, No.9, 2014, pp 2147-2157. 

[21] R. Mason-Jones, B. Naylor, D.R. Towill, ‘Lean, agile or leagile? 
Matching your supply chain to the marketplace’, International Journal of 
Production Research. Vol. 38, 2000, pp. 4061-4070.  

[22] R. Shah, A. Chandrasekaran, K. Linderman, ‘In pursuit of 
implementation patterns: the context of Lean and Six Sigma’, 
International Journal of Production Research. Vol.46, 2008, pp. 6679-
6699. 

[23] Krishnamurthy R, Yauch, C., ‘Leagile Manufacturing: a proposed 
corporate infrastructure” International journal of operations and 
Management’, Vol. 27, No.6, 2007, pp.588-604. 

[24] Kuhlang, P., Hempen, S., Sihn, W. and Deuse, J. ‘Systematic 
improvement of value streams – fundamentals of value stream oriented 
process management’, Int. J. Productivity and Quality Management, 
Vol. 12, No. 1, 2013, pp.1–17. 

[25] Kumar, S., Singh, B., Qadri, M.A., Kumar, Y.V.S. and Haleem, A. 
(2013) ‘A framework for comparative evaluation of lean performance of 
firms using fuzzy TOPSIS’, Int. J. Productivity and Quality 
Management, Vol. 11, No. 4, pp.371–392. 

[26]  Lee, Y.C., Yen, T.M. and Tsai, C.H. (2008), “Using importance-
performance analysis and decision making trial and evaluation 
laboratory to enhance order-winner criteria – a study of computer 
industry”, Information Technology Journal, Vol. 7 No. 3, pp. 396-408. 

[27] Liker, J.K. and Convis, G.L., The Toyota Way to Lean Leadership, 
McGraw Hill, New York, NY,2012. 

[28] Liker, J.K. and Franz, J.K., “The Toyota way: helping others help 
themselves”, Manufacturing Engineering, Vol. 149 No. 5, 2012, pp. 87-
95. 

[29] Luthra, S., Kumar, V., Kumar, S. and Haleem, A. ‘Barriers to implement 
green supply chain management in automobile industry using 
interpretive structural modeling technique: an Indian perspective’, 
Journal of Industrial Engineering and Management, Vol. 4, No. 2, 2011, 
pp.231–257. 

[30] Miller, L.M., ‘Lean Culture – the Leader’s Guide’, LM Miller 
Publishing, Annapolis, MD, 2011. 

[31] Mohanraj, R., Sakthivel, M. and Vinodh, S. ‘QFD integrated value 
stream mapping: an enabler of lean manufacturing’, Int. J. Productivity 
and Quality Management, Vol. 7, No.4, 2011, pp.501–522. 

[32]  Naylor, J.B, Naim, M.M and Berry, D, ‘Leagility: Integrating the lean 
and agile manufacturing paradigms in total supply chain’, International 
Journal of Production Economics, Vol.62, Volume 1-2, 1999, pp.107-18. 

[33] Sisson, J. and Elsehnnawy, A., ‘Achieving success with lean: An 
analysis of lean factors in lean transformation at Toyota and beyond’, 
International Journal of Lean six sigma, Vol.6, No.3, 2015.pp. 263-280. 

[34] S. Mostafa, J. Dumrak, H. Soltan, ‘A framework for lean manufacturing 
implementation’, Production& Manufacturing Research. Vol.1, No.1, 
2013, pp. 44-64. 

[35] Swafford, P.M., Ghosh, S. and Murthy, N. ‘Achieving supply chain 
agility through ITintegration and flexibility’, Int. J. Production 
Economics, Vol. 116, No. 2, 2008, pp.288–297. 

[36] Scherrer-Rathje, M., Boyle, T. and Deflorin, P., “Lean, take two! 
Reflections from the second attempt at lean implementation”, Business 
Horizons, Vol. 52 No. 1, 2009, pp. 79-88. 

[37] Van, Hoek, R.I., ‘The thesis of leagility revisited’, International Journal 
of Agile Manufacturing Systems, Vol.2, No, 3, 2000, pp. 196-201. 

[38] Elmoselhy, S.A.M., ‘Hybrid lean–agile manufacturing system technical 
facet, in automotive sector’, Journal of Manufacturing Systems, Vol. 32, 
2013, pp.598-619. 

[39] Faisal, M.N. ‘Analyzing the barriers to corporate social responsibility in 
supply chains: an interpretive structural modeling approach’, Int. J. 
Logistics: Research and Applications, Vol. 13, No. 3, 2010, pp.179–195. 

[40] Fullerton, R.R. and Wempe, W.F. (2009), “Lean manufacturing, non-
financial performance measures and financial performance”, 
International Journal of Operations & Production Management, Vol. 29 
No. 3, pp. 214-240. 

[41] Hodge, G.L., Ross, K.G., Joines, J.A. and Thoney, K.K. (2011) 
‘Adapting lean manufacturing principles to the textile industry’, 

Production Planning and Control: The Management of Operations, Vol. 
22, No. 3, pp.237–247. 

[42] Yin, R.K., “Case Study Research: Design and Methods”, 4th ed., Sage 
Publications, Thousand Oaks, CA, 2009. 

[43] Roy, B., Misra, S., Gupta, P., ‘An integrated DEMATEL and AHP 
approach for personnel estimation’, International journal of computer 
science and information technology and security, Vol.2, No.6, 2012, pp. 
1206-1212. 

[44] Virmani, N., Yadav, R., ‘Identification of barriers in implementation of 
TQM in Indian Manufacturing Industries’, International Journal of 
Science Technology and Management, Vol.5, No.8, 2016, pp. 468-472. 

[45] Saleeshya, P.G., Austin, D. and Vamsi, N. ‘A model to assess the lean 
capabilities of automotive industries’, Int. J. Productivity and Quality 
Management, Vol. 11, No. 2, 2013, pp.195–211. 

[46]  Sanchez, A.M. and Perez, M.P. ‘Lean indicators and manufacturing 
strategies’, Int. J. of Operation and Production Management, Vol. 21, 
No. 11, 2001, pp.1433–1451. 

[47] Scheer, A.W., “CIM Computer Integrated Manufacturing”: Computer 
Steered Industry, Springer Publishing Company Inc., New York, 2000. 

[48] Sharma, S.K., Panda, B.N., Mahapatra, S.S. and Sahu, S. ‘Analysis of 
barriers for reverse logistics: an Indian perspective’, Int. J. Modeling and 
Optimization, Vol. 1, No, 2, 2011, pp.101–106. 

[49] Singh, H. and Khamba, J.S. ‘An interpretive structural modelling (ISM) 
approach for advanced manufacturing technologies (AMTs) utilization 
barriers’, Int. J. Mechatronics and Manufacturing Systems, Vol. 4, No. 
1, 2011, pp.35–48. 

 
 
Mr. Naveen Virmani is a Research scholar at Department of Mechanical 
Engineering in YMCA University of Science and Technology, Faridabad. He 
has completed his M.Tech from YMCA University of Science and 
Technology, Faridabad. His area of Interest includes Industrial engineering, 
Operations Research, Production Engineering.  
 
Dr. Rajeev Saha is working as Assistant Professor at Department of 
Mechanical Engineering in YMCA University of Science and Technology, 
Faridabad. He has published many papers in International and National 
Journals of high repute. His areas of interest include Industrial Engineering 
and Operations Management. 
 
Dr. Rajeshwar Sahai is working as a Director in Rattan college of 
engineering, Faridabad. He has published many papers in international and 
national journals. His areas of interest are Production Engineering, Operations 
Management 
 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:11, No:4, 2017 

1025International Scholarly and Scientific Research & Innovation 11(4) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:1
1,

 N
o:

4,
 2

01
7 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
07

29
4.

pd
f


