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Abstract - The aim of the authors is to present a review of literature of Total Productive Maintenance and the barriers in implementation of Total 
Productive Maintenance (TPM).  The paper begins with a brief description of TPM and the barriers in implementation of TPM.  Interpretive Structural 
Modeling (ISM) and its role in analyzing the barriers in TPM implementation is explained in brief.  Applications of ISM in analyzing issues in various fields 
are highlighted with special emphasis on TPM.  The paper moves on to introduction to Structural Equation Modeling (SEM) and its role in validating ISM 
in analyzing barriers in implementation of TPM.  The paper concludes with a gap analysis from the current literature, research that can be carried out 
and expected outcomes from the proposed research. 
 
Index Terms: TPM, ISM, Barriers, SEM 

———————————————————— 

 

1.0 Introduction 
Total Productive Maintenance (TPM) is a movement 
popularized by the Japanese.  A small revolution was 
brewing in Japan in the manufacturing field to reduce costs 
and at the same time to improve efficiency, reliability and 
quality.  The Japanese had been using the American 
concept of Preventive Maintenance since the 1950s but due 
to automation and the increased complexity of the 
equipments and machines, was encountering high costs as 
a result of increase in maintenance force to maintain the 
equipments.  To alleviate this problem, they started looking 
at ways to reduce costs and hit upon the idea of expanding 
the domain of work of the Operations team.  Nippondenso, 
an automotive component manufacturer in 1960 was the 
first Japanese organization to radically change its work 
culture by asking its operators to do the simple routine 
maintenance of its machines.  Thus was born the culture of 
Total Productive Maintenance.  The main emphasis in TPM 

is to persuade the operating personnel to carry out the 

regular daily maintenance while the maintenance crew 
would carry out specialized maintenance, upgrades and 
modification jobs to minimize failures thereby increasing 
machine availability, reducing costs and improving 
profitability of the organization 
 

2.0 TPM  
TPM is a maintenance program in which  

a. Field operations personnel look after the routine 
maintenance of the equipment through their day-to-
day activities 

b. Maintenance personnel develop modifications to 
improve reliability and availability of the equipment 
reducing breakdowns 

c. Thereby maximizing equipment efficiency and 
effectiveness and productivity of processes  

d. By eliminating losses and reducing costs  
e. Thus improving quality of the products 
f. Ensuring higher top and bottom lines for the 

organization.   
Japan Institute of Plant Maintenance has described TPM 
as a mechanism to maximize equipment effectiveness 
covering the entire life of the equipment involving everyone 
in all departments at all levels.  Goal of TPM is to enzure 
zero accidents, zero breakdowns and zero defects [82].  It 
helps to continuosly improve and sustain quality products 
and processes by involving management, workforce, 
suppliers and customers  [34], [83], [99].  By incorporating 
TPM, an organization strives to transform the shop floor by 
integrating culture, process and technology [81]. TPM has a 
positive impact on an organization’s business performance 
[21], [18], [45], but it takes time and dedicated effort.  It 
results in improvement in productivity, quality and safety, 
employee morale and cost effectiveness of the 
manufacturing function [59], [124], [122].  Adoption of TPM 
helps in improvement of Mean-Time-Before-Failure and 
Mean-Time-To-Repair parameters of equipments [13].  
Production challenges in industries can be tackled by 
implementation of TPM backed by management strategy 
and motivated employees [41]. TPM plays an important role 
in improving maintenance functions thereby resulting in 
business excellence through improvement in productivity 
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and quality and reduction in costs [36].  TPM demands 
specifically the operating personnel to carry out routine 
maintenance of the equipment and on the maintenance 
personnel to study corrective methods to enhance life of the 
equipment and prevent breakdowns.  The importance of 
TPM is that by dedicating more time to study the design of 
equipment and to implement corrective methods / design 
changes, it helps to dramatically reduce breakdowns and 
eliminate losses. 
 

3.0 Barriers in Implementing TPM 

Implementation of TPM is not an easy task.  Organizations 
have failed in their attempts to implement TPM due to 
behavioral, cultural and bureaucratic challenges and above 
all, due to their inflexible attitude to change and to adopt to 
change.  The TPM concept looks simple but the practical 
aspect of implementation is very complex involving various 
stages, each of which requires focused attention without 
which the TPM implementation process is bound to result in 
failure.  Due to this very reason, industries in India and 
world over have struggled and failed in TPM 
implementation.  TPM is not a quick-fix methodology 
resulting in instant results; it requires commitment, 
dedication and perseverance on part of the management 
and employees over the long run to deliver measurable 
visible results. In the Indian context, Ahuja and Khamba 
have  

a. Evaluated the challenges before Indian 
manufacturing organizations to adapt to TPM 
initiatives  

b. Examined the factors influencing the 
implementation of TPM practices in the Indian 
manufacturing industry  

c. Developed an understanding of contributions of 
TPM initiatives towards building core competencies 
in the Indian manufacturing industry.   

 
They have explained that TPM seeks to maximize 
equipment effectiveness throughout the life time of the 
equipment and strives to maintain the equipment in 
optimum condition in order to prevent unexpected 
breakdowns, speed losses and quality defects occurring 
from process activities [3], [4], [5], [6] and [7]. Implementing 
TPM in industries requires time, money, manpower, 
resources and commitment from all the stake holders.  The 
organization as a whole should be willing to change its 
outlook and adapt itself to the new practices and cultural 
changes that are required for the successful implementation 
of TPM.  Many companies implement TPM on a superficial 
level and the resulting productivity gains fall short of their 
potential [105].  Organizations have time and again failed to 
put into practice TPM as either they were not serious or 
they have not grasped the enormity of the situation and the 
requirements for successful implementation.  The following 
paragraphs describe in brief some of the factors which have 
a bearing on implementation of TPM. 
 

3.1 Management Commitment 
TPM programs can be effective if and only if the top 
management and employees are totally committed and 
involved [14], [125].  TPM is driven by the effective 
leadership from the top management and the senior 
management has to be committed, demonstrate leadership 

and include maintenance and reliability excellence in the 
organization’s top priority initiatives [72], [73], [35], [32], 
[94].    A study of implementation of TPM carried out by 
Ireland and Dale found that the senior management by 
building the necessary infrastructure for TPM 
implementation had shown its support and motivation to 
promote and implement TPM [48].  The top management 
should necessarily a) recognize forces encouraging 
change, b) engage in a problem solving process to design 
the change and c) then implement and evaluate the change 
[42].   
 

3.2 Employee Commitment 
Success of TPM is closely connected to equipment 
utilization and employee management [100], [39]. Long 
term commitment of all the personnel from the organization 
right from the top management to the lowermost level and 
across all streams and disciplines is a prerequisite for 
successful TPM implementation.  An effective TPM 
implementation is based on empowerment and 
encouragement of personnel from all areas of the 
organization [3], [4], [5], [6], [7], [33].  The biggest challenge 
before any management is to be able to make radical 
transformation in an organization’s culture for ensuring 
overall employee participation towards manufacturing 
performance improvement through TPM initiatives [17]. 
 

3.3 Clearly Specified Goals 
For TPM to be successful, the employees must have a 
clear goal explicitly and precisely stated in numbers and 
figures.  Companies have to set goals that are SMART: 
Specific, Measurable, Attainable, Realistic and Time-based 
[72], [73].  Management has an important role in 
determining the TPM policies, objectives and strategies to 
align with the company’s business goals [95].  According to 
Gupta, TPM policies and goals should be made clear to 
everyone involved in TPM implementation [43].  TPM policy 
has to be based on the company’s business policy related 
to the company’s long-range and mid-range business goals 
and to be fully integrated into the strategic and business 
plans of the organizations [3], [4], [5], [6], [7], [116].     
 

3.4 Teams 
Literature reviews point out that ―Cross-Functional Teams‖ 
are integral to TPM implementation.  Teams have to be self 
directed and made up of personnel from cross-functional 
departments (operations, engineering, maintenance) who 
directly have an impact on the problem along with the shift 
supervisors and the top management personnel [98], [65], 
[67], [68].  Cross-functional teams break down 
organizational barriers, identify problems and are charged 
with the responsibility of pinpointing problem areas, 
detailing a course of corrective action and initiating the 
corrective process [98], [78].  The team work concept 
exploiting the abilities and skills of human assets, the 
collective collaboration between Operations and 
Maintenance and the philosophy of empowerment of 
personnel from the top level to the shop floor and between 
all functional areas in the organization were also highlighted 
by Willmott and McCarthy [128], Davis and Willmott [33], 
Patterson et al. [92] and Witt [131].   
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3.5 Involvement of Operations in Maintenance 
Activities 
One concept central to TPM is ―Autonomous Maintenance‖ 
which means that the regular maintenance of equipments 
like cleaning, replacing oil, greasing and lubricating is 
carried out by the operating personnel while the 
maintenance group will be actively involved in the more 
complex task of developing maintenance programs and 
schedules, equipment design modifications and carrying out 
reliability focused maintenance for maintaining the health 
and ensuring maximum availability of equipments.  TPM 
calls for focused operator involvement in routine 
maintenance of an equipment and that a TPM approach will 
teach operators to identify the root cause of a deteriorating 
equipment performance [81], [43], [58].  The most important 
requirement for operators is to have the ability to detect 
abnormalities in the working of the equipment with respect 
to the operation of the equipment and the quality of output 
[106], [109].  When using TPM, the operator and 
maintenance staff become partners in seeking to improve 
equipment performance while the maintenance staff and 
engineers become partners in designing equipment for 
enhanced performance [38].  One of the reasons for 
difficulty in implementing TPM is on one hand the 
unwillingness of operations to accept the philosophy of 
autonomous maintenance and on the other, the lack of trust 
by maintenance in the competence of operations to carry 
out simple maintenance tasks [89].  The goal of 
autonomous maintenance is not to eliminate maintenance 
personnel by involving operations but to allow the 
maintenance personnel to be better used in high-level 
diagnostic and problem-solving activities [130].     
 

3.6 Training 
Education and Training are two major success factors for 
implementation of TPM and are important stages in 
autonomous maintenance [61].  TPM is designed to help 
operators learn more about how their equipment functions, 
what common problems can occur and why, and how those 
problems can be prevented through early detection and 
treatment of abnormal conditions and this cross-training 
allows operators to maintain the equipments and to identify 
and resolve many basic equipment problems [58], [76].  
Organizations opting for TPM should be willing to invest in 
training and imparting education to the employees.  An 
organization should identify the specific knowledge, skills 
and management abilities that it wants its employees to 
have and then design suitable training to develop these 
skills [95], [116].  Training is important to overcome 
misunderstanding about TPM and job security [27].  
 

3.7 Appropriately Scheduled Maintenance Programs 
TPM implementation can be successful only when the 
maintenance team carries out scheduled maintenance and 
equipment design program with the operations team having 
taken care of routine maintenance.  The key objective of 
maintenance management is the total asset life cycle 
optimization by employing best practices to realize 
maximum value of the assets [93].  The mission of the 
maintenance department is to provide reliable physical 
assets and excellent support for its customers by reducing 
and eventually eliminating the need for maintenance 
services [49], [64]. Implementation of TPM is directly related 

to work culture in an organization where-in frequent 
breakdowns are tolerated and not analyzed, processes are 
inefficient, product quality is not checked and customer 
feedback not monitored.  In a large number of 
organizations, instead of carrying out maintenance jobs to 
avoid failure and repair, focus is on carrying out immediate 
repair and bringing the machine back on line as fast as 
possible.  The ultimate goal of the maintenance department 
is maintenance prevention for which the organizations 
should develop Preventive, Corrective, Predictive and 
Reliability Centered maintenance programs. ―Preventive 
Maintenance‖ program is a set of scheduled maintenance 
activities at pre-defined intervals by means of inspection 
and detection thereby helping the maintenance team to 
determine whether a particular component has worn out 
and require replacement rather than waiting for the 
component to result in equipment [47], [129].  TPM is a 
team based preventive and productive maintenance 
involving all levels from the top executive to the floor 
operator [101].  It is a combination of preventive 
maintenance and total quality through employee 
involvement incorporating the strategies of operator 
ownership and preventive maintenance activities to keep 
machines free from failure or malfunctioning during 
production [28], [108]. A follow-up to Preventive 
Maintenance is “Corrective Maintenance” and is initiated on 
the occurrence of symptoms of impending failure which can 
be found out during PM checks.  Corrective maintenance 
improves equipment reliability, maintainability and safety, 
reduces deterioration and failures and aims at 
maintenance-free equipment.  It is the act of performing 
some repair or adjustment for a condition that was identified 
during the accomplishment of a preventive or predictive 
maintenance [24] and will increase the productivity of a 
manufacturing system [54]. In “Predictive Maintenance” the 
health of the equipments is monitored either on-line 
continuously or at regular intervals and the parameters 
indicating machine condition collected and processed in 
order to determine machine condition and predict its failure 
[121], [23].   Predictive Maintenance is a condition driven 
program that uses the actual operating condition of plant 
equipment and systems to optimize total plant operation 
[80].    Renwik and Babson have shown Vibration Analysis 
as a proven tool in Predictive Maintenance for obtaining 
cost benefits, reduced machinery downtime and production 
losses which is a vital aspect in TPM implementation [97]. 
To compliment the above strategies, “Reliability Centered 
Maintenance (RCM)” was introduced by Nowlan and Heap 
[86] as a program consisting of a set of scheduled tasks 
generated on the basis of specific reliability characteristics 
of the equipment they are designed to protect.  The primary 
goal of RCM should be to ensure that the right maintenance 
activity is performed at the right time with the right people, 
and that the equipment is operated in a way that maximizes 
its opportunity to achieve a reliability level that is consistent 
with the safety, environmental, operational and profit goals 
of the organization [53].  Implementing the RCM process 
requires the application of a decision logic that enables 
systematic analysis of failure mode, rate and criticality data 
to determine the most effective maintenance requirements 
for strategy and plan [22].   
 

3.8 Administrative Support 
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For TPM to be successful, the administrative support 
function should be in place.  ―Office TPM‖ is the application 
of TPM principles in the organization’s administrative 
function and it ensures that the function provides an all 
round support to the manufacturing process.  
Understanding, commitment and involvement of top 
management are needed for effective implementation of 
office TPM [91].  Office TPM must be followed to improve 
productivity and efficiency in the administrative functions by 
identifying and eliminating losses [84], [90].  To facilitate the 
concepts discussed in the previous paragraphs, it is 
essential that the organization should undergo a 
transformation in its work culture.  The cultural, social and 
organizational barriers must be brought down.  
Management and employees must learn to trust each other.  
Ideas should flow freely both horizontally and vertically in 
an organization.  There should be voluntary exchange of 
data and information among the departments to generate 
new ideas.  The biggest challenge before any management 
is to be able to make radical transformation in an 
organization’s culture for ensuring overall employee 
participation towards manufacturing performance 
improvement through TPM initiatives [17].  Employees must 
view themselves working for the organization and not for 
the department.  It is the task of the management to align 
employees to the organization’s vision and goals.  
Organizational work culture is always resistant to change 
and it is this resistance that the management must 
overcome.  The work culture has to undergo an attitude 
reform so as to alter the organization’s outlook from a 
departmental viewpoint to an organizational viewpoint. 
Panneerselvam [89] has listed out behavioral, 
organizational, cultural, technological, departmental, 
operational and financial challenges that Indian industries 
face in implementing TPM.  According to him the broad 
critical success factors for implementation of TPM are  

1. Top management commitment  
2. Total employee involvement 
3. Cultural transformation  
4. Conventional and proactive maintenance strategies  
5. Training and education  
6. Failure prevention  
7. Focused production system enhancement 

 
Cooke [32]

 
has concluded that implementation of TPM is 

affected by political, financial, departmental and inter-
occupational barriers.  Gupta et al. [43] have expressed 
their point of view that insufficient resources, resistance to 
change, incomplete understanding of the methodology, 
treating TPM as additional burden and inability to invoke 
cultural change are some of the difficulties faced in TPM 
implementation. Lack of management support, lack of 
training and failure to allow sufficient time for evolution are 
some of the obstacles in implementing TPM as mentioned 
by Bamber et al. [15].  Ahuja and Khamba [3], [4], [5], [6] 
and [7] have inferred that success of TPM program is 
closely associated with the way of managing people.  They 
have cited some stumbling blocks in TPM implementation 
as given below: 

1. Cultural resistance to change 
2. Partial implementation of TPM 
3. Overly optimistic expectations from TPM  
4. Lack of well-defined routine  

5. Lack of training and education 
6. Lack of support system to facilitate learning and to 

transform learning into effective diffusion of TPM 
practices  

7. Lack of organizational commitment   
 
Kulkarni and Dabade [58] and Narender and Gupta [84] 
have quoted the following obstacles:  

1. Not considering workers’ suggestions  
2. Work stress  
3. Lack of commitment 
4. Lack of confidence to acquire new skills  
5. Misunderstanding and an atmosphere of distrust   
6. General feeling of operations personnel not to 

carry out maintenance jobs  
 
In addition to the factors mentioned above, Paropate et al. 
[90] cite linking TPM to business strategy and quality and 
spreading TPM to all departments as requirements for 
successful implementation of TPM.  Pomorski [95] has 
added the following barriers to TPM implementation:  

1. Implementing to a rigid schedule regardless of 
results  

2. Deploying insufficient resources,  
3. Not recognizing the benefits of TPM   
4. Presenting TPM as a short-term initiative  

All these barriers are also recognized by Attri et al. [12] and 
ChoyDS [31]. Various challenges and obstacles in TPM 
implementation are explained in the preceding paragraphs 
but it will be interesting to know the interrelationships 
among these barriers.  Which are the most influential 
barriers?  Is the interrelationship between the barriers 
unidirectional or bidirectional?  Are there any barriers which 
are not affected by other barriers?  Are there any barriers 
which affect other barriers as a result of interaction of some 
other barriers?  These interrelationships can be studied in 
depth by using the ISM approach, details of which are 
explained in the forthcoming paragraphs. 
 

4.0 Introduction to Interpretive Structural 
Modeling 
The origin of ISM can be traced to Structural Modeling (SM) 
which was defined by Warfield as a ―methodology which 
employs graphics and words in carefully defined patterns to 
portray the structure of a complex issue, a system or a field 
of study‖.  ISM is a process which transforms unclear, 
poorly articulated mental models of systems into visible and 
well defined models [9].  Lendaris [63] refers SM to those 
modeling activities in which the intention of the modeler is 
to embody the geometric rather than algebraic and of 
describing form rather than calculating or measuring 
quantitative output.  A structural model focuses on the task 
of selecting the components of a model and explicitly 
stating the interaction between them [79].  What this means 
is that in SM, the model showing the relationships of the 
various variables is not in a mathematical form but in a 
qualitative form in terms of graphs and interconnections. 
 
Warfield expanded SM to ISM by adding judgment of group 
of experts as another dimension to structural modeling.  
The interrelationships between the various elements in the 
problem are based on pair wise relationship of the 
elements, interpretation of which is based on the judgment 
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of a group of experts.  The structural model employing 
words and digraphs thus formed out of the 
interrelationships of the elements can be interpreted in 
terms of practical information which will guide in developing 
managerial actions to mitigate the problem. The ISM 
method can be used to analyze the various inhibiting 
factors in implementation of TPM and to find out the 
interrelationships among these barriers.  For example, in 
case of TPM the task is to develop an action plan to 
mitigate factors inhibiting TPM implementation by 
systematically analyzing them using ISM which will show 
how these inhibitors are interrelated in a structured easy-to-
understand format.  Based on these interrelationships, 
action plan can be developed to mitigate these factors and 
to help industries in the implementation of TPM. In the ISM 
method a digraph or directed graph is developed.  In a 
nutshell, a digraph consists of nodes connected by arrows 
with the direction of the arrows showing the relationship 
between the variables represented by the nodes.  A typical 
digraph is shown below which shows the nature of 
relationships among the six variables.  Double arrows 
between two variables indicate a 2-way relationship i.e. 
each affecting the other.  Single arrow indicates a 1-way 
relationship with the direction of the arrow signifying the 
forward relationship from one variable to the other.  
Absence of arrow shows that there is no relationship 
between the variables.  The digraph is converted to the final 
Interpretive Structural Model by replacing the node 
numbers by the variable description written in the text 
boxes. Readers are advised to go through the paper 
―Interpretive Structural Modeling (ISM) and is application in 
analyzing factors inhibiting implementation of Total 
Productive Maintenance (TPM)‖ by the authors of this paper 
for details on ISM. 
 

 
 

Fig-1: Typical Digraph 

 

 
 
                

Fig-2: Typical Interpretive Structural Model 
 
By carrying out structural modeling, the following questions 
can be answered: 

 How complex is the problem?  What is the 
complexity involved? 

 How are the variables interconnected? What are 
the direct and indirect linkages? Action on which 
variable will affect the system the most? Which are 
the key variables that influence the system?  Which 
are the variables that need to be considered the 
least in analyzing the problem?   

 The ISM developed can be analyzed to determine 
the driving power and dependence of each of the 
variables. Higher driving power shows the extent of 
influence that the variable has on the other 
variables while higher dependence power shows 
the extent to which the variables are affected by / 
depend on the other variables.  The driving / 
dependence power is plotted on a MICMAC graph 
as shown below. 

  

 
 

Fig-3: MICMAC Graph 
 
The four quadrants of the graph show the categories of 
variables as given in the following table: 
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TABLE-1 
CATEGORIES OF VARIABLES 

 

 
 

 What activities are required to be taken up by the 
management to take the necessary action on the 
variables of the problem?  What will be the effect 
on the organization as a result of the activities?  
Are new equipments and machines required? What 
will be the financial implications? 

 

5.0. Applications of ISM 
ISM has been used in a host of fields like marketing, 
advertising, business processes, education, supply chain 
management etc.  Salimifard et al. [102] have used ISM to 
study the critical factors in banking process re-engineering.  
ISM has also been used to study advertising strategy by 
Shukla et al. [110].   Sohani and Sohani [113] have used 
ISM to analyze the factors for success of quality 
management system in higher education.  Wu and Bian 
[132] have analyzed the factors affecting implementation of 
cost control in a hydropower construction project using ISM.  
An ISM based analysis was carried out by Jharkharia [51] 
for analyzing critical failure factors in Enterprise Resource 
Planning implementation.  ISM has been extensively used 
in supply chain management.  Kubde and Bansod [57] have 
used ISM approach for adopting Collaborative Planning 
Forecasting and Replenishment (CPFR) to improve supply 
chain effectiveness.   Mandal and Deshmukh [70] have 
used ISM for vendor selection.  Similar study was also 
carried out by Kumar and Kant [60] who have studied 
enablers for selecting a suitable supplier for an 
organization.   Similarly Pramod and Banwet [96] have 
carried out a study to develop an integrated model to 
enumerate the interrelationship between the inhibitors 
hindering the smoothness of a telecom service supply 
chain.  Govindan et al. [40] have created a model to 
analyze risks in a food supply chain. Knowledge 
Management is another field researchers have exploited 
using ISM.  Tabrizi et al. [117] has used ISM to establish 
relationships among the criteria for measuring Knowledge 
Management results.  Critical implementation factors for 
Knowledge Management implementation in project based 
business have been studied by Jafari et al. [50].  Sharma B. 

P. et al. [107]; Joshi et al. [52]; Singh and Kant [111] have 
studied the barriers that hinder knowledge sharing and 
management in an organization.  ISM has also been used 
in the manufacturing field.  Sarkis et al. [103] have used 
ISM to analyze the factors hindering adoption of 
environmentally conscious manufacturing practices.  ISM 
has been used interestingly by Xiao-lin [133] in analyzing 
how product parts influence each other in a product 
structure design.  Abbasi et al. [1] have employed ISM in 
determining optimal manufacturing strategy.   
 

6.0 ISM in TPM 

ISM is aptly suited for analyzing the various inhibiting 
factors in implementation of TPM and to find out the 
interrelationships among these barriers.  Based on the 
model developed in the ISM approach, action plan can be 
developed to mitigate these factors and to help industries in 
implementation of TPM.  The literature survey has revealed 
only a few studies related to TPM involving ISM.  A paper 
was published by Kodali and Chandra [56] describing a 
decision model using Analytical Hierarchy Process (AHP) 
for justification of requirement of TPM for Indian industries 
versus the traditional maintenance strategies.  AHP is 
defined as a multi-criteria decision making approach using 
pair wise comparison of factors to represent simultaneous 
interaction of factors in complex and unstructured 
situations. The authors have used AHP to justify 
implementation of TPM in terms of the benefits accrued in 
productivity, quality, cost, delivery, employee morale, 
safety, work environment and competitive advantage 
against the traditional maintenance strategies  Attri, Grover, 
Dev and Kumar [11] in January 2012 have published a 
paper, which illustrates the employment of ISM for modeling 
enablers in the implementation of TPM.  By carrying out 
research using questionnaire survey and Likert scale, they 
have identified ten enablers as given below: 

1. Top management commitment and support 
2. Communication 
3. Cultural change 
4. Total employee involvement 
5. Training and education 
6. Integration of TPM goals and objectives into 

business plan 
7. Motivation 
8. Empowerment and encouragement  
9. Cooperation 
10. Coordination 

 
They then proceed to describe ISM and how it can be used 
to analyze the interrelationships of enablers and determine 
the key enablers in TPM implementation.  As per their 
study, the key enablers to successful implementation of 
TPM are a) Top management commitment, b) 
Communication, c) Training and education and d) 
Integration of TPM goals and objectives into business plan.  
These enablers, in turn, affect the remaining enablers. As 
scope for future research, the authors have recommended 
statistically validating the model developed in the ISM 
approach using Structural Equation Modeling (SEM). The 
same group of authors has also published an article in July 
2012, on employment of ISM in determining barriers in the 
implementation of TPM.  They state that implementation of 
TPM in industries is a very difficult proposition and many 
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industries have failed in their implementation efforts.  
Similar to their paper on the enablers, they have used in 
this research questionnaire survey and Likert scale and 
have identified ten barriers in implementation of TPM: 

1. Lack of top management support and commitment 
towards TPM 

2. Lack of training and education 
3. Lack of motivation of workforce 
4. Employee resistance 
5. Cultural resistance 
6. Failure to allow sufficient time for evolution 
7. Low synergy between maintenance and production 
8. Lack of organization communication 
9. Financial obstacles 
10. Lack of knowledge of TPM 

 
By using ISM, the authors have determined the key barriers 
to successful implementation of TPM to be a) Lack of top 
management commitment, b) Lack of motivation, c) Low 
synergy between maintenance and operation, d) Lack of 
communication and e) Financial constraints. As scope for 
future research, the authors have recommended statistically 
validating the model developed in the ISM approach using 
Structural Equation Modeling (SEM).  The same concepts 
and ideas were described in identical fashion by Fakhraddin 
Maroofi in his paper published in 2013. Attri, Grover, Dev 
and Kumar [10] have taken the concept of using ISM in 
determining the barriers in TPM implementation forward by 
computing the intensity of the barriers using Graph 
Theoretical Approach (GTA).  In this study, they have 
grouped barriers under five broad categories as given 
below: 
 

TABLE-2 
GROUPING OF BARRIERS 

 

 
 
GTA is an extension of the ISM approach in the sense that 
it integrates the relationship obtained among different 
variables.  With respect to the issue of implementation of 
TPM, GTA mathematically categorizes the inhibiting 
strength of the various barriers and offers a synthetic score 
for the complete system known as the Intensity-Of-Barriers 

(IOB) score.  Higher intensity indicates greater resistance to 
implementation of TPM.  The authors have concluded that, 
in general, Behavioural barriers have the maximum 
intensity followed by Operational, Human and Cultural, 
Strategic and Technical barriers in that order. ISM approach 
for analyzing barriers in TPM implementation was also 
explored by Singh, Sachdeva and Bhardwaj [112] in their 
paper published in 2014. 
 

7.0 Structural Equation Modeling 

Structural Equation Modeling (SEM) is a statistical 
technique to carry out multivariate analysis of a structural 
theory that stipulates causal relations among multiple 
variables [62].  It is a collection of statistical techniques that 
allows a set of relationships between one or more 
independent variables, either continuous or discrete, and 
one or more dependent variables, either continuous or 
discrete, to be examined [123].  SEM goes beyond ordinary 
regression models to incorporate multiple independent and 
dependent as well as hypothetical latent constructs that 
clusters of observed variables might represent and provide 
a way to test the specified set of relationships among 
observed and latent variables as a whole [104].  In simple 
terms, it is a methodology for representing, estimating and 
testing a network of relationships between measured 
variables and latent constructs [115].   Latent variables in 
SEM generally correspond to hypothetical constructs or 
factors which are explanatory variables presumed to reflect 
a continuum that is not directly observable [55]. SEM has 
been used as a validation technique in many fields.  
Carvalho and Chima [26]

 
have described how SEM can be 

applied in social sciences research.   Applications of SEM 
can be seen in many marketing, medical, behavioral and 
management related researches - Baumgartner and 
Homburg [16], Fornell and Bookstein [37], Hair et al. [44], 
Steenkamp and Baumgartner [114], Chin  et al. [30], 
McIntosh

 
and Gonzalez-Lima [75], Tomarken and Waller 

[119], McDonald and Ringo [74], Oort et al. [88], Nelson et 
al. [85], Weston et al. [127], Carter and Jennings [25], 
Tomas et al. [120], Nunkoo et al. [87], Lu et al. [66]

 
etc. to 

name a few of the hundreds of articles available. SEM has 
been used by McKone et al. [76] to investigate relationship 
between TPM and manufacturing performance.  Ahmad et 
al. [2] have used SEM to examine relationship between 
TQM, TPM, Statistical Process Control and Lean 
Production Practices. Similar study to examine relationship 
between TPM, TQM and Six Sigma practices in Jordan was 
carried out by Al-Refaie [8].  Hashim et al. [46] has 
proposed a conceptual model using SEM to study the 
relationship between TPM and Kaizen. Extensive 
literature search has yet to throw up any research 
involving use of SEM in validating ISM in analyzing 
barriers inhibiting TPM implementation.   
 

8.0 Observations from Current Literature and 
Gap Analysis 
There is an enormous amount of literature on TPM 
depicting its aspects in great detail and dedicated to the 
concepts and factors for implementation in industries.  
There are also articles on barriers in implementing TPM 
gathered from academicians and researchers based on 
questionnaire method of data collection.  ISM is a preferred 
method by researchers to analyze the interrelationships of 

Barriers Sub-Barriers Barriers Sub-Barriers

Lack of top management commitment Lack of motivation

Employee resistance Lack of coordination

Lack of clear vision

Inability to change organizational 

culture

Lack of job security

Unwillingness of human resources to 

adopt TPM

Poor coordination between maintenance 

and production Less empowerment

Ineffective long term planning

Lack of standard operating 

procedure,

Non-clarity of organizational objectives

Absence of preventive maintenance 

schedule

Non clarity of organization policy on TPM Poor workplace environment

Failure to allow sufficient time for evolution

Inadequate use of tools, techniques 

and methodologies

Poor structure to support TPM initiatives

Lack of follow up of progress of TPM 

initiatives

Lack of technical knowledge,

Lack of educated workforce

Lack of training and development

Lack of understanding of TPM concepts 

and principles

Absence of CMMS

Behavioural
Human and 

Cultural

Strategic Operational

Technical

http://www.sciencedirect.com/science/article/pii/0167811695000380
http://www.sciencedirect.com/science/article/pii/0167811695000380
http://link.springer.com/search?facet-author=%22Joe+F.+Hair%22
http://www.sciencedirect.com/science/article/pii/S0167811600000161
http://www.sciencedirect.com/science/article/pii/S0167811600000161
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variables in any complex issue in an organization.  From 
the literature review it is seen that ISM has been used to 
analyze the barriers in TPM implementation only by a few 
authors [9], [10], [11], [12], [71], [112].  Hence there is more 
scope for carrying out detailed analysis by ISM on barriers 
in TPM implementation. The model developed by ISM can 
be validated using Structural Equation Modeling (SEM).   
Extensive literature search has not thrown up any research 
involving use of SEM in validating Interpretive Structural 
Model of barriers inhibiting TPM even though SEM has 
been used by one author to investigate relationship 
between TPM and manufacturing performance.  As 
proposed by Attri et al. [9], [10], [11] and [12], the ISM 
model of barriers in TPM implementation can be statistically 
validated using SEM.  In many of the research studies 
using ISM, authors have suggested using SEM to validate 
the models developed in ISM as future research. With this 
background further research can be carried out on 
analyzing barriers in TPM implementation using ISM and 
validating the model using SEM.  The authors are presently 
carrying out research on the same. 
 

9.0 Framework for Research 

 
 

10.0 Expected Outcomes of the Research on 
TPM, ISM in analyzing barriers in 
implementation of TPM and SEM to validate 
the model developed in ISM 
By carrying out research on barriers in TPM 
implementation, the following are the expected outcomes: 

1. An Interpretive Structural Model showing the 
interrelationships among the various factors which 
are impediments to TPM implementation 

2. By analyzing the model, the following issues can 
be dissected 
a. Which are the critical factors that are to be 

analyzed?  Which factors are the driving 
powers? 

b. How are all the factors interlinked? 
c. What is the depth and significance of inter-

linkages between the factors? 
3. Statistical Validation of the Model using Structural 

Equation Modeling 
4. Derive managerial actions for TPM implementation 

based on the interrelationships in the Interpretive 
Structural Model.  What are the key aspects to be 
focused upon by the management to ensure a 
successful implementation of TPM? 

5. Benefits of implementing the model in terms of 
cost, efficiency, productivity and profits. 

 

11.0 Conclusion 

It can be inferred from this paper that though there is a vast 
amount of literature on TPM and its concepts, what is 
available on the aspects affecting the implementation of 
TPM in industries is limited.  There is great scope for 
carrying out additional research on this issue using ISM.   It 
is also seen that statistical validation of the model 
developed in ISM is yet to be carried out by researchers 
and there is an opportunity in this space for further 
research.   
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