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Abstract:  

The integration of the world economy and the resultant growth in competition has made productivity as one of the 
most important factors in an organization’s survival and success. Most of the successful industries understand and 
believe that the production of customer-defined products and in time delivery as expected by customers can have the 
powerful impact on their business growth. Due to this fact, the productivity enhancement is the main objective of the 
today’s economy. In a sheet metal industry, there is always a big challenge for improvement in productivity. The 
aim of the study is to enhance the productivity through improvements in production process. A study undertaken in 
SATYAM Auto Component Ltd. which is engaged in auto components manufacturing for automotive vehicles. A 
detailed study of production process and the total lead time for manufacturing the auto components has been 
calculated and the result reveals that the present facilities for manufacturing auto components is not being used as 
per their capabilities. There is a lack of motivations morale of the employees of the said company which results in 
lower production rate that is approximately half of the production capacity of the plant. In this empirical study, 
various suggestions have been corporate & it is possible to achieve 50% extra output from the present resources. 

Keywords: Productivity, Lead Time, Manufacturing Process, Time Study, Work Study. 

1. Introduction:   

In an era of globalization there are several challenges being faced by manufacturing sector. Gruenberg (2003) 
mentioned that, efforts to improve manufacturing productivity have been on since the start of this era. Productivity 
has now become an everyday watch word. It is crucial to the welfare of industrial firm as well as for the economic 
progress of the country. High productivity refers to doing the work in a shortest possible time with least expenditure 
on inputs without sacrificing quality and with minimum wastage of resources. Productivity is the quantitative 
relation between what we produce and we use as a resource to produce them. Productivity can be expressed as: 
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Productivity= 
������

�����
 

Productivity= Utilization × Efficiency ( η) 

Productivity refers to the efficiency of the production system. It is the concept that guides the management of 
production system. It is an indicator to how well the factors of production (Land, capital, labor and energy) are 
utilized. Tilak Raj et al.[1] the aim of this research is to analyze and identify those factors which influence some 
other factors in a big way (called driving factors) and those Which are most influenced by the others (called 
dependent factors).  

In this paper, these factors have been identified through literature, their ranking is done by a questionnaire-based 
survey and interpretive structural modeling (ISM) approach has been utilized in analyzing their mutual relationships. 
Ravi Shankar [2] this paper utilizes the Interpretive Structural Modeling (ISM) methodology to understand the 
mutual influences among the barriers so that those driving barriers, which can aggravate few more barriers and those 
independent barriers, which are most influenced by driving barriers are identified. Prof. Dr. Omur Neczan [3] one of 
the major objectives of this study is to identify and rank barriers in industry, to establish interrelations among these 
identified barriers using ISM and discuss the managerial implications. 

2. Interpretive structural modelling (ISM):  
 

ISM is an interactive learning process. In this technique, a set of different directly and indirectly related elements are 
structured into a comprehensive systematic model. The model so formed portrays the structure of a complex issue or 
problem in a carefully designed pattern implying graphics as well as words. Interpretive structural modeling (ISM) 
is a well-established methodology for identifying relationships among specific items, which define a problem or an 
issue8. For any complex problem under consideration, a number of factors may be related to an issue or problem. 
 
However, the direct and indirect relationships between the factors describe the situation far more accurately than the 
individual factor taken into isolation. Therefore, ISM develops insights into collective understandings of these 
relationships. ISM starts with an identification of variables, which are relevant to the problem or issue, and then 
extends with a group problem solving technique. Then a contextually relevant subordinate relation is chosen. Having 
decided on the element set and the contextual relation, a structural self-interaction matrix (SSIM) is developed based 
on pairwise comparison of variables. In the next step, the SSIM is converted into a reachability matrix (RM) and its 
transitivity is checked. Once transitivity embedding is complete, a matrix model is obtained. Then, the partitioning 
of the elements and an extraction of the structural model called ISM is derived. 
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Figure1 Flow diagram for preparing ISM model 

Structural Self-Interaction Matrix:  
 

ISM methodology suggests the use of the expert opinions based on various management techniques such as brain 
storming, nominal technique, etc., in developing the contextual relationship among the variables. Thus, in this 
research for identifying the contextual relationship among the barriers of the productivity, two experts, one each 
from the automobile industry and the academia (brainstorming). These experts from the industry and academia were 
well conversant with production practices in the automobile industry having an experience of over 8 years. For 
analyzing the barriers of the productivity, a contextual relationship of leads to type is chosen. This means that one 
variable leads to another variable. Based on this, contextual relationship between the variables is developed. 
Keeping in mind the contextual relationship for each variable, the existence of a relation between any two barriers (i 
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and j) and the associated direction of the relation is questioned. Four symbols are used to denote the direction of 
relationship between the barriers (i and j): 
 
BARRIERS 10 9 8 7 6 5 4 3 2 
1.Customer Satisfaction 0 A 0 0 0 0 A A 0 

2.Profit A A V V 0 V V V  
3.Effectivness A A A 0 0 V 0  
4.Quality A A A 0 0 V  
5.Efficiency A A A 0 0  
6.Labour 0 0 0 0  
7.Land 0 0 X  
8.Capital 0 0  
9.Education X  
10.Technical Knowledge 
 

V: Barrier i will help alleviated Barrier j; 
A: Barrier j will be alleviated by Barrier i; 
X: Barriers i and j will help achieve each other; and 
O: Barriers i and j are unrelated. 
 
Initial reach ability matrix 

Barriers 1 2 3 4 5 6 7 8 9 10 Driving power 

1 1 0 0 0 0 0 0 0 0 0 1 

2 0 1 1 1 1 0 1 1 0 0 6 

3 1 0 1 0 1 0 0 0 0 0 3 

4 1 0 0 1 1 0 0 0 0 0 3 

5 0 0 0 0 1 0 0 0 0 0 1 

6 0 0 0 0 0 1 0 0 0 0 1 

7 0 0 0 0 0 0 1 1 0 0 2 

8 0 0 1 1 1 0 1 1 0 0 5 

9 1 1 1 1 1 0 0 0 1 1 7 

10 0 1 1 1 1 0 0 0 1 1 6 

Dependence power 4 3 5 5 7 1 3 3 2 2  
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Reachability matrix: 
The SSIM is transformed into a binary matrix, called the initial reach ability matrix by substituting V, A, X, O by 1 
and 0 as per the case. The rules for the substitution of 1’s and 0’s are the following: 
1. If the (i, j) entry in the SSIM is V, then the (i, j) entry in the reach ability matrix becomes 1 and the ( j, i) entry 
becomes 0. 
2. If the (i, j) entry in the SSIM is A, then the (i, j) entry in the reach ability matrix becomes 0 and the ( j, i) entry 
becomes 1. 
3. If the (i, j) entry in the SSIM is X, then the (i, j) entry in the reach ability matrix becomes 1 and the ( j, i) entry 
also becomes 1. 
4. If the (i, j) entry in the SSIM is O, then the (i, j) entry in the reach ability matrix becomes 0 and the ( j, i) entry 
also becomes 0. 

 

Iteration 1 

Barriers Reach ability set Antecedent set Intersection set Level 

1 1 1,3,4,9 1 1st 

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

3 1,3,5 2,3,8,9,10 3  

4 1,5,4 2,4,8,9,10 4  

5 5 2,3,4,5,8,9,10 5  

6 6 6 6  

7 7,8 2,7,8 7,8  

8 3,4,5,7,8 2,7,8 7,8  

9 1,2,3,4,5,9,10 9,10 9,10  

10 2,3,4,5,9,10 9,10 9,10  

In this table, the driving power and dependence of each Barrier is also shown. The driving power of a particular 
barrier is the total number of barriers (including it) which it may help achieve. The dependence is the total number 
of barriers which may help achieving it. These driving power and dependencies will be used in the MICMAC 
analysis, where the barriers will be classified into four groups of autonomous, dependent, linkage, and independent 
(driver) barriers.  
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3. Level partitions:  
 
The reach ability set for a particular variable consists of the variable itself and the other variables, which it may help 
achieve. The antecedent set consists of the variable itself and the other variables, which may help in achieving them. 
Subsequently, the intersection of these sets is derived for all variables. The variable for which the reach ability and 
the intersection sets are the same is given the top-level variable in the ISM hierarchy, which would not help achieve 
any other variable above their own level.  
 

Iteration 2 

Barriers Reach ability set Antecedent set Intersection set Level 

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

3 3,5 2,3,8,9,10 3  

4 4,5 2,4,8,9,10 4  

5 5 2,3,4,5,8,9,10 5 2nd 

6 6 6 6  

7 7,8 2,7,8 7,8  

8 3,4,5,7,8 2,7,8 7,8  

9 2,3,4,5,9,10 9,10 9,10  

10 2,3,4,5,9,10 9,10 9,10  

Thus, it would be positioned at the top of the ISM model. This iteration is continued till the levels of each variable 
are found out. The identified levels aids in building the digraph and the final model of ISM. The barriers, along with 
their reach ability set, antecedent set, intersection set and the levels. 

Iteration 3 

Barriers Reach ability set Antecedent set Intersection set Level 

2 2,3,4,7,8 2,9,10 2  

3 3 2,3,8,9,10 3 3rd 

4 4 2,4,8,9,10 4 3rd 

6 6 6 6 3rd 

7 7,8 2,7,8 7,8  
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8 4,7,8 2,7,8 7,8  

9 2,4,9,10 9,10 9,10  

10 2,4,9,10 9,10 9,10  

 
4. Formation of ISM-based model: 

 
From the final reach ability matrix, the structural model is generated. If the relationship exists between the Barriers j 
and i, an arrow pointing from i to j shows this. This resulting graph is called a digraph. Removing the transitivity’s 
as described in the ISM methodology, the digraph is finally converted into the ISM model. 
 

Iteration 4 

Barriers Reach ability set Antecedent set Intersection set Level 

2 2,7,8 2,9,10 2  

7 7,8 2,7,8 7,8 4th 

8 7,8 2,7,8 7,8 4th 

9 2,9,10 9,10 9,10  

10 2,9,10 9,10 9,10  

Problems with product quality would lead to rigid company policies as the companies, in order to keep up their 
brand image in the market, would be producing new products for attaining customer satisfaction. Thus, awareness 
about productivity must be created at the grass roots level and should be disseminated to all the partners of the 
supply chain such that effective production practices can be implemented. Good information and technological 
systems are very essential for successful.  This would also result in reluctance to gain support from the idea of 
labour education and technical support. Without this support, it would be difficult to evolve and implement 
performance metrics related to productivity. 

5. MICMAC Analysis  
 
The objective of the MICMAC analysis is to analyze the driver power and the dependence power of the variables. 
The variables are classified into four clusters. The first cluster consists of the autonomous barriers that have weak 
driver power and weak dependence. These barriers are relatively disconnected from the system, with which they 
have only few links, which may be strong. Second cluster consists of the dependent barriers that have weak driver 
power but strong dependence. Third cluster has the linkage barriers that have strong driving power and also strong 
dependence. These barriers are unstable in the fact that any action on these barriers will have an effect on others and 
also a feedback on themselves. 
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Iteration 5 

Barriers Reach ability set Antecedent set Intersection set Level 

2 2 2,9,10 2 5th 

9 2,9,10 9,10 9,10  

10 2,9,10 9,10 9,10  

Iteration 6 

Barriers Reach ability set Antecedent set Intersection set Level 

9 9,10 9,10 9,10 6th 

10 9,10 9,10 9,10 6th 

Fourth cluster includes the independent barriers having strong driving power but weak dependence. It is observed 
that a variable with a very strong driving power called the key Variables falls into the category of independent or 
linkage barriers. The driving power and the Dependence of each of these barriers is shown in figure. In this table, an 
entry of d1T along the columns and rows indicates the dependence and driving power, respectively. Subsequently, 
the driver power– dependence diagram is constructed which is shown in figure. 

ISM-based model for the barriers of Productivity  

 

A small company example: The ISM model presented here has been evaluated in an actual automobile company 
that was interested in implementing for production. Due to limited budget, the company wanted a systematic way of 
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analyzing the interaction of barriers that hinder implementation of productivity .This case experience allows us to 
see the benefits of the model in a practical setting. 

 

6. Discussion and Conclusion:  
 
The barriers hindering the productivity programs pose considerable challenges both for managers and policymakers 
in industries. Some of the major barriers have been highlighted here and put into an ISM model, to analyze the 
interaction between the barriers. These barriers need to be overcome for the success in productivity programs. The 
driver–dependence diagram gives some valuable insights about the relative importance and the interdependencies 
among the barriers. This can give better insights to the top management so that they can proactively deal with these 
barriers. Some of the observations from the ISM model, which give important managerial implications. Lack of the 
awareness of productivity practices is a very significant barrier. There are no autonomous barriers seen in the 
driver–dependence diagram. The absence of these barriers brings light to the fact that all the considered barriers 
influence the productivity in the automobile supply chain. It is also observed that lack of performance metrics, 
reluctance of support by supply chain partners, lack of information and technological systems to change during 
deployment of productivity practices, lack of training and unconcerned company policies are weak drivers but 
strongly dependent on other barriers such as lack of awareness, lack of commitment, lack of strategic planning, 
quality problems, and financial constraints. The management should place a high priority in tackling the barriers, 
which have a high driving power and thus possessing the capability to influence other barriers, which are shown at 
the upper level of the ISM. No barrier is found under the linkage element category possessing a strong driving 
power along with strong dependence. Therefore, among all the 10 selected barriers of productivity, no barrier is 
unstable. 
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