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ABSTRACT 

 

ARTICLE INFO 

Owing to the globalization and industrialization, organizations are forced to adapt new 

tactics in order to sustain their position in the competitive business markets, especially 

in manufacturing context. With this, many strategies were framed and integrated in 

manufacturing in order to balance the customer satisfaction and profit yields. Among 

those strategies, agile manufacturing gained more positive feedbacks from the 

researchers and practitioners, hence many studies sought to explore the concepts of 

agile manufacturing but still the studies highly focussed the developed scenario which 

makes a huge void in developing context. Hence, this study sought to analyse the critical 

success factors of agile manufacturing in one of the developing context, India, in order 

to fill the research gap. The success factors are analysed with the assistance of 

DEMATEL, to reveal the essential factor for the successful implementation of agile 

manufacturing in Indian context. Finally, the obtained results assist the industrial 

managers to particularly focus on the factors which improved better agile 

implementation rather than focussing on other factors. Further, the future 

opportunities in agile was discussed with the core of developing scenario.  
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I. INTRODUCTION 

Recent competitive business market and resource 

optimization leads to the transformation from mass 

production to agile manufacturing, which holds the sound 

position among practitioners and researchers globally. In 

addition, recent manufacturing industries posed to cope 

themselves with uncertainty changes and unexpected 

business environment threats [1]. Hence the researchers 

started to explore with new strategies in order to respond the 

changes and ended up with the agile manufacturing. Albeit, 

there is a global debate between the concepts of lean, 

flexible and agile manufacturing, since some of the 

definitions are derived out for agile manufacturing, for an 

instance, Dubey and Gunasekaran [2] defined agile 

manufacturing as “Agility means an organization with 

incredibleinternal capabilities (i.e. hard and soft 

technologies,human resources, educated management and 

information) tomeet dynamic needs of the market place (i.e. 

speed, flexibility,suppliers, infrastructure, customers, 

competition and responsiveness)”. Mainly the agile 

manufacturing construct with technologies, empowerment, 

customer focus, supplier relationship, flexibility and 

organizational culture, as shown in Fig 1. 

 

 
Fig 1: Agile manufacturing framework [2] 
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However the agile manufacturing came to act since 1990, in 

the Iacocca Institute, Lehigh university, USA, [3] and 

fromcontinuous exploration of agile manufacturing, 

Goldman et al [4] proposed four properties,i) delivering 

value to customer ii) Ready to change iii) Human 

knowledge value and iv)virtual partnership through skills. It 

is also found that there is a significant impact on effective 

implementation of agile manufacturing and firm‟s 

competitiveness and performance in the market and many 

studies [2, 5-7] affirmed that. Owing to the above concerns, 

the integration of agile strategy in manufacturing became 

mandatory. Among the strategies, analysing the critical 

success factors of agile serves more beneficiary to the 

industrial managers to focus on particular factor which 

impacts the successful implementation of agile 

manufacturing rather than focussing on other factors, which 

is time consuming process. Hence many studies started to 

explore the factors of agile manufacturing with different 

perspectives, for an instance,DeVor et al [8] examined the 

opportunities and accomplishments of agile manufacturing 

towards the recent business trends, in addition they claimed 

that the motto of agile manufacturing is to enrich the 

customers, cooperate to improve competitiveness, balance 

to uncertainty and master change and finally nurtures the 

people and information. But most of the studies are only 

focussed the developed nations, and their success factors for 

successful implementation of agile manufacturing in their 

industrial sectors through various strategies, for an instance, 

Vazquez-Bustelo et al [9], Gam and Aitken [10] and so 

on.Contrary to that, in developing nations, particularly in 

Indian context very few studies analysed the concepts of 

agile manufacturing for an instance, Vinodh et al [3] 

proposed the agility assessment model and measure agility 

level in Indian sector with the case of pump manufacturing, 

Hasan et al [11] analysed the agility enhancing practices for 

agile manufacturing in Indian context with the assistance of 

interpretive structural modelling (ISM). Mishra et al [12] 

analysed the drivers of agile manufacturing with Indian case 

with the assistance of ISM approach. Saleeshya et al [13] 

made an empirical investigation on agile manufacturing 

within Indian context and further identify the factors 

involved in agile manufacturing using analytical hierarchy 

process (AHP).But lacks in focused on critical success 

factors, hence there is a huge gap created between the states 

of art of agile manufacturing in Indian context.In order to 

address this gap, this study itself takes the responsibility and 

analysed the critical success factors of agile manufacturing 

within the concern of Indian context. The most effective 

critical factors will be identified and the interrelationship 

and influences among common critical success factors will 

be summarized with the assistance of the Indian case 

industries through multi criteria decision making (MCDM) 

approach. MCDM is an approach which assists the decision 

makers in complex problems by structuring the problem to 

obtain the optimum solution with minimum input. Despite 

the fact there are many MCDM methods exist, this study 

used the decision making trial and evaluation laboratory 

(DEMATEL) to analyse the critical success factors of agile 

manufacturing and their interrelationships. To achieve the 

aim of the study, initially a framework was proposed 

(shown in fig 1), in which the steps involved the research 

are clearly explained. By applying this   proposed 

framework in Indian case industry, the critical success 

factors of agile manufacturing will be examined and 

detailed in upcoming sections. 

1.1 Framework of the study 

 
Fig 1: Proposed framework of the study 

The remaining sections of the paper are summarized as 

follows. Section 2 detailed the solution methodology used in 

the paper to solve the focal problem. Case industry details 

and the application of proposed model to the case industry 

were exhaust in Section 3.The results obtained from the 

study were explored with existing literatures and decision 

maker‟s feedback in Section 4. The conclusion of the study 

along with the future road map and limitation were 

summarized in Section 5. 

 

II. METHODS 

Since the intervention of decision making trial and 

evaluation laboratory in research realm through Gabus and 

Fontela [14] in Battelle Memorial Institute at Geneva 

Research Center, many studies adapt this methodology to 

analyse the interrelationship and influences of factors 

involved in the focal problem. It assists the industrial 

managers to sort out and visualize their complex problems 

in the form of causal, structural and complicated 

relationship through diagraphs [15]. These diagraphs 

consists of two groups namely cause and effect group which 

further help the managers to visualize the most and least 

influential factor of their problem [16]. In this structural 

modelling approach, it clearly revealed the 

interdependencies and interrelationships of the factors 

associated with the problem in the form of values in cause 

and effect diagram. However the concept of DEMATEL is 

diagraph theory, since it addresses both tangible and 

intangible factors of the problem. Owing to this importance, 

many studies [17-19] suggest that DEMATEL is best suited 

methodology for complex problems. With this, many studies 

successfully applied DEMATEL in various field of 

application, for an instance, some recent studies are, 

environmental management [19], emergency management 

[20], supply chain [21]; supplier performance [22], 

Information management [23], design and material selection 

[24]. By considering the above facts, this study decided to 

apply the well-popular DEMATEL to analyse the agile 

manufacturing success factors. 

The steps involved in DEMATEL to analyse the CSF of 

agile manufacturing is summarized below. (adapted from 

[18]) 
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Step 1: Set up direct relation matrix “T” in fuzzy linguistic 

variables 

The first step of DEMATEL is to set up the direct relation 

matrix “F” with linguistic variables based on Table 2 (shows 

linguistic variables and their equivalent numeric) with the 

assistance of decision makers. The form of direct relation 

matrix is shown in eqn. 1  

 

Table 1: Linguistic scale of preferences 

Linguistic terms Influence score 

No influence (No) 0 

Very low influence (VL) 1 

Low influence (L) 2 

High influence (H) 3 

Very high influence (VH) 4 

 

F = 

(1) 

Step 2: Set up normalized direct-relation matrix “X” 

Though there are many methods exist for normalization, due 

to the ease this study uses normalized direct relation matrix 

through the equation (2) and (3). All elements in this matrix 

lie between 1 and 0.  

(2) 

 

 X = K × F                                                                                                                                

(3) 

Step 3: Set up total relation matrix “M” 

Once the normalized matrix was obtained then it is time for 

set up the total relation matrix M. The normalized matrix is 

processed through the equation (4) where I denote identity 

matrix.  

M = X (I – X)
-1                                                            

(4) 

Step 4: Obtain sum of sum of rows and columns 

Further from the total relation matrix, D and R will be 

identified and denote as the sum of rows and sum of 

columns respectively. This should be calculated through the 

equations (5) and (6)  

D = n×1                                       (5) 

 

R = 1×n                                                          (6) 

M = mij,    i, j = 1, 2,….., n                                                                                       

Step 5: Set up casual diagram 

Once the „D‟ and „R‟ are finalized then, it will provide the 

causal and effect graph obtained through the datasets of (D 

+ R, D – R), where horizontal axis (D + R) is made by 

adding D to R, and vertical axis (D – R) is made by 

subtracting R from D. This cause and effect graph indicated 

the most and least influential factors of the concerned 

problem. The application of all these steps will be detailed 

in forthcoming sections. 

 

III.Case illustration 

Multiple pressures on shareholders from various 

stakeholders and uncertain business change stimulate the 

industrial managers to respond the recent business 

behaviour; hence, many strategies, especially agile 

manufacturing, are integrated in their management and 

operations. Since, owing to various hindrances, these 

competitive strategies are not effective in developing 

context, particularly in Indian scenario. Predominantly, 

Indian industries are facing more pressures from their 

foreign clients in order to adapt to their developed and 

mature business culture. But contrary to that, in Indian 

context these agile strategies are infancy, so, many 

industries fail to balance their developed nation‟s client. 

Keeping in mind, this study started to explore the factors for 

successful implementation of agile manufacturing in Indian 

origin. Hence, our research team sent the study‟s proposal 

through e-mails by pinpointing the root cause urge of this 

focal problem. The mail has been sent to 25 industries, who 

having developed foreign customers, among 25, only 10 

industries were responded, in those responded industries, 

one industry was selected for this case, due to the ease of 

our research team. After accepting the proposal, from the 

direct meeting it is came to know that, their industry is in 

huge urge to implement agile in their manufacturing 

systems, but due to immaturity they need an external 

assistance and they had explored this situations. Hence the 

case industry is an urge to analyse the success factors of 

agile manufacturing for its effective implementation. The 

case industry is an automotive parts manufacturer, which is 

having long background in this business market and they 

focussed on long term strategies rather than short term. In 

order to react to the recent business trends they accept the 

study‟s proposal.Once obtained their approval for the study, 

our research team applied the proposed framework on this 

case industry through three step methodology, which is 

detailed below. 

Step 1: Identification of common success factors of agile 

manufacturing 

The common critical success factors were identified with 

the two way assistance, namely literature support and 

expert‟s notions. Initially, the common success factors were 

collected from the existing literatures through rigorous 

review in the reputed leading databases like Elsevier, 

Springer and so on, with the search terms, “Agile 

manufacturing”, “Critical success factors of agile 

manufacturing”, “Agile manufacturing in Indian scenario” 

and so on. Once the common success factors were collected 

from the existing literatures, then these common success 

factors were circulated to experts through emails to know 

whether they are experiencing these factors in the effective 

implementation of agile manufacturing in their firm. From 

the notions of the expert, the critical success factors were 

finalized and shown in Table 1. 
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Table 2: Common critical success factors of agile 

manufacturing 

S. No Critical success factors References 

1 Involvement and 
commitment of 

management (F1) 

[2, 7, 12-13, 25-27] 

2 
Robust planning(F2) [7, 12, 28-29] 

3 Linking agile to customers                            

(F3) 
[7, 25-27] 

4 Organization infrastructure                            

(F4) 
[7, 11, 13] 

5 Final capabilities                                           

(F5) 
[7, 11, 13] 

6 Knowledge on agile tools 

and techniques          (F6) 
[7, 13] 

7 Monitoring                                                           

(F7) 
[7, 12, 28-29] 

8 Agile methodology and 

implantation strategy(F8) 
[7, 11, 13] 

9 
Benchmarking (F9) [7, 12, 2, 28-29] 

10 Involvement of workers                                  

(F10) 
[7, 12, 13, 28-29] 

Step 2:Analysing the influential success factors and their 

priorities in the implementation of agile manufacturing 

From the assistance of the industrial managers the steps of 

DEMATEL were applied in order to analyse the critical 

success factors of agile manufacturing in Indian context. 

The steps are as follows. 

Step 1: Set up direct relation matrix “T” in fuzzy linguistic 

variables 

The direct relation matrix “T” is to be prepared in linguistic 

variables with the assistance of decision makers (industrial 

managers) in the case industry. The average direct relation 

matrix “T” of the decision makersis shown in table 3.  

Step 2: Direct relation matrix “F” 

Further, the direct relation matrix are converted into 

numeric values based on Table 1 as mentioned above and  

the direct relationis shown in table 4. 

Step 3: Set up normalized direct-relation matrix “X” 

The direct relation matrix obtained will be normalized 

through the equations (2) and (3). The normalized matrix is 

shown in table 5. 

Step 4: Set up total relation matrix “M” 

This total relation matrix “M” is the final relation matrix 

which is obtained from the equation (4). The total relation 

matrix is shown in table 6. 

Step 5: Obtain sum of sum of rows and columns 

From the total relation matrix „M‟, it is need to obtain the 

sum of rows and columns in which, the sum of row is 

denoted as D and the sum of column is denoted as R.   

Step 6: Set up casual diagram 

By adding D and R to make as horizontal axis of the graph 

and subtract D and R which act as vertical axis of the graph, 

to form the causal diagraph. By these vertical and horizontal 

scale limits, the drivers are analysed through diagraphs. The 

tables 7 show the value of D + R and D – R. and the 

respective diagraph is shown inFig 2.With the assistance of 

the diagraph, the influential success factors of agile 

manufacturing in Indian context were ranked and shown in 

Table 8. 

Step 3: Validation of results  

In order to increase the reliability of the obtained results, 

they are compared and explored with the existing literatures 

and in addition, from the feedback of industrial managers, 

the gap between state of art and virtual applications were 

measured. The detail summarizations of these validations 

are provided in the upcoming sections. 

Table 3: Initial relationship matrix„T‟– Linguistic form 
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Table 4: Direct relationship matrix „F‟– Numeric form 

 
F

1 

F

2 

F

3 

F

4 

F

5 

F

6 

F

7 

F

8 

F

9 

F

10 

F

1 
0 3 2 4 1 1 3 4 4 3 

F

2 
2 0 2 3 2 2 2 1 3 2 

F

3 
1 3 0 4 1 1 3 4 4 3 

F

4 
2 2 2 0 2 2 2 2 2 2 

F

5 
2 1 2 3 0 1 1 3 3 1 

F

6 
2 1 2 3 2 0 1 3 3 1 

F

7 
2 1 2 3 2 2 0 1 3 2 

F

8 
2 2 2 3 2 2 2 0 3 2 

F

9 
2 2 2 3 2 2 2 2 0 2 

F

10 
2 1 2 3 2 2 1 3 3 0 

 

1. Results and Discussion 

This section provides the detailed description of obtained 

results and the validation of proposed model with the 

assistance of feedbacks from industrial decision makers and 

along with the correlation with existing literatures. 
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Fig 2. Causal diagram with degree of central role and degree of 

relation combined 

With the assistance of the above tables, we prepare the 

cause and effect diagraph which reveals influence among 

common critical factors of agile manufacturing with their 

pictorial representations added with influential 

priorities.From the casual diagraph (fig 2), it is revealed that 

“involvement and commitment of management” (F1)holds 

the top position in cause group. In this diagraph, the factors 

were fall on two groups namely cause group and effect 

group, based on their respective values of D + R and D – R.  

It is the not a big surprise that top level commitment yields 

effective implementation of agile manufacturing, and once 

again this study proved it. Also according to Vinodh et al 

[7]; Saleeshya et al [13]; Dubey and Gunasekaran, [2], the 

willingness on top level management directly have a huge 

positive impact on the agile implementation in any 

manufacturing sectors and in addition, for any strategy 

voluntary level of practices alone provide the successful 

implementation rather than mandatory level of practices, 

particularly for agile manufacturing in a developing context, 

like India. 

Next to (F1), linking agile with customers (F3) captures the 

second position in the cause group which clearly evident 

that the customer involvement along with their satisfaction 

leads to the effective implementation of agile manufacturing. 

In addition, knowledge on agile tools and techniques (F6), 

Robust planning(F2), Final capabilities (F5), Involvement 

of workers (F10)andMonitoring (F7) are in the level of 

cause group respectively. These cause group element 

influence the effect group elements in order to promote the 

effective agile implementation. In the effect group the least 

influential factor is organization infrastructure (F4) which 

followed with benchmarking (F9)and agile methodology 

and implantation strategy(F8)respectively. 

Once the results are explored from existing literatures, then 

the discussion was made among decision makers with the 

concern of obtained results to increase the validity through 

their experience. From the discussion, it is clearly revealed 

that our results are perfectly coincided with the decision 

maker‟s conceptualization on the critical success factors of 

agile manufacturing. Between the discussion, one of the 

industrial manager partially admit their top level 

management is not cooperated with them to implement 

these agile practice in manufacturing, further he added that 

this lack of involvement results from various hidden 

hindrances. Also he admit that, for the effective 

implementation of agile manufacturing, firm needs to 

engage in the activities to improve the bonding between the 

customer satisfaction with agile manufacturing practices. 

The above discussions with case industrial managers clearly 

revealed the validation of our results 

Table 8: Influential rank of common success factors of agile 

manufacturing in Indian context 
S. 

No 
Success factors 

Influence 

rank 

1 Involvement and commitment 
of management(F1) 

1 

2 
Robust planning(F2) 

4 

3 
Linking agile to customers(F3) 

2 

4 
Organization infrastructure(F4) 

10 

5 
Final capabilities(F5) 

5 

6 Knowledge on agile tools and 

techniques(F6) 

3 

7 
Monitoring(F7) 

7 

8 Agile methodology and 

implantation strategy(F8) 

8 

9 
Benchmarking (F9) 

9 

10 
Involvement of workers(F10) 

6 

 

IV. CONCLUSION 

To balance the requirements of customers through quality 

and support without comprise in economic profit, every 

organization is in the urge to implement agile manufacturing. 

But contrary to that, in developing context, particularly in 

India, there is an ample room in the studies of agile 

manufacturing. With this focus, this study itself takes the 

responsibility and analyse the critical success factors of 

agile manufacturing through Indian case study for its better 

implementation. With the assistance of the case industry 

managers the common success factors of agile 

manufacturing were analysed through DEMATEL. The 

study‟s results revealed that „Involvement and commitment 

of management‟ (F1) is the most influential success factors 

of agile manufacturing in Indian context, if any Indian firm 

need to implement the agile manufacturing efficiently in the 

organization, then the firm have to get the support from top 

level management. Further these results was enough 

explored with the existing literatures and industrial 

managers to confirm its validation. Even though this serves 

more beneficiaries by providing assistance to the industrial 

managers to particularly focus on the influential factor, 

since it doesn‟t exempt with its own limitations. This study 

applied a case study methodology, which raise the big 

question on generalization of different field of applications, 

since our case study is on automotive brake shoe production. 

Hence in future this study can be extended with statistical 

validation to confirm its generalization under different 

perspective concern which includes size of the firm, location 

of the firm, position in supply chain and so on. However this 

study can considered as a benchmark approach for other 

developing contexts with their own assumption theories 

suited their geography 
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