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Abstract In the highly competitive environment, to
be successful and to achieve world-class-manufacturing,
organizations must possess both efficient maintenance and
effective manufacturing strategies. A strategic approach to
improve the performance of maintenance activities is to
effectively adapt and implement strategic TPM initiatives
in the manufacturing organizations. Total productive main-
tenance (TPM) is not easy to adopt and implement, due to
presence of many barriers. The purpose of this paper is to
identify and analyse these barriers. A questionnaire based
survey was conducted to rank these barriers. The results of
this survey and interpretive structural modelling approach
have been used to model and analyse key barriers and drive
managerial insights.
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1 Introduction

In the highly competitive environment, to be successful

and to achieve world-class-manufacturing, organizations
must possess both efficient maintenance and effective
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manufacturing strategies. A strategic approach to improve
the performance of maintenance activities is to effectively
adapt and implement strategic TPM initiatives in the
manufacturing organizations. TPM has been accepted as
the most promising strategy for improving maintenance
performance in order to succeed in a highly demanding
market arena (Nakajima 1988; Ahuja and khamba 2008c).

TPM is a structured equipment-centric continuous
improvement process that strives to optimise production
effectiveness by identifying and eliminating equipment and
production efficiency losses throughout the production sys-
tem life-cycle through active team-based participation of
employees across all levels of the operational hierarchy. The
goal of the TPM program is to markedly increase production
while at the same time increasing employee morale and job
satisfaction. TPM has emerged as a potent means to improve
overall company performance (Ahuja and Kumar 2009).

TPM is a partnership between maintenance and pro-
duction functions in the organization to improve product
quality, reduce waste, reduce manufacturing cost, increase
equipment availability, and improve the company’s state
of maintenance (Rhyne 1990). Though TPM provides a lot
of benefits but implementation of TPM is not an easy task.
Mora (2002) has stated that though in recent years, many
companies have attempted to implement TPM programs,
<10 % of companies succeed in implementing TPM as it
requires the change of the organizational culture and
change of existing behaviours of all employees, operators,
engineers, maintenance technicians, and managers. Hart-
mann (2000) has stated that at least every second attempt
of installation of total productive maintenance (TPM) has
resulted in failure.

Moreover in several articles the reasons for TPM failure
are discussed (Ljungberg 1998; Ireland and Dale 2001;
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Bamber et al. 1999; Bakerjan 1994; Davis 1997; Cooke
2000; Ahuja and Khamba 2008a, b; Crawford et al. 1988;
Becker 1993; Riis et al. 1997; Patterson et al. 1995;
Lawrence 1999; Rodrigues and Hatakeyama 2006; Mag-
gard and Rhyne 1992; Fredendall et al. 1997; Chan et al.
2005) and suggestions for implementing TPM are developed
(Wang 2006; Sharma et al. 2006; Joeng and Phillips 2001;
Cooke 2000; Blanchard 1997; Cigolini and Turco 1997,
Hartmann 1992; Kaizen 1997; Suzuki 1992; McAdam and
Duffner 1996; Ahuja and Khamba 2008a; Chan et al. 2005;
Park and Han 2001).

Furthermore, the literature review suggest that no study
has been taken that investigate explicitly the interactions
among the barriers of TPM and proposes an interpretive
structural modelling (ISM) based model for the TPM barri-
ers. This paper attempts to identify the barriers of TPM
through literature review and expert opinions and further
develops the contextual relationships among these identified
barriers using ISM approach. It also proposes a hierarchy of
TPM barriers model that would help the managers of orga-
nizations to understand and to pay attention to the identified
barriers for the successful implementation of TPM.

The main objectives of this paper are as follows:

e To identify and rank the barriers in the implementation
of TPM in India.

e To find out the interaction among identified barriers
using ISM.

e To discuss managerial implication of this research and
suggest directions for future research.

This paper is further organised as follows. The next
section represents the identification of various TPM barri-
ers through the findings of literature survey and discussion
with experts. This is followed by discussion of ISM
methodology and development of the relationships model
using ISM. Finally, the discussion and conclusion of this
research study are presented, which is followed by scope
for future work.

2 Identification of barriers in TPM implementation

Literature review and experiences of maintenance and
production managers and academicians reveal that imple-
mentation of TPM is not an easy task by any means as it
requires establishing new cultures (Patterson et al. 1996),
changing attitudes (Turbide 1995), creating new work
environment’s (Maggard and Rhyne 1992), accomplishing
paradigm shifts (Jeszenka 1993) and shifting the respon-
sibility of the maintenance department to being everyone’s
responsibility (Lawrence 1999). The purpose of this paper
is to identify and analyse these barriers and develop strat-
egies to tackle them effectively.
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Bakerjan (1994), Adam et al. (1997), Co et al. (1998),
Jostes and Helms (1994), Chan et al. (2005), Davis (1997),
Rodrigues and Hatakeyama (2006) have attributed lack of
top management support and understanding as the major
obstacle for the failure of TPM implementation. The lack
of management support is attributed to management not
completely understanding the true goal of the TPM pro-
gram. For example if management consider that TPM is a
means to reduce maintenance staff, they have failed to
understand the true goal and purpose of the program. The
real goal is to increase the equipment’s effectiveness, not
reduce the labour head-count (Bamber et al. 1999). In order
to successfully implement TPM, companies must have top
management support, understanding and commitment,
along with training and motivation of everyone in the
organization (Patterson et al. 1996; Park and Han 2001).
The role of top management’s commitment and leadership
has been frequently emphasized in many literatures to have
the decisive influence over successful TPM implementa-
tion (Tsang and Chan 2000). Patterson et al. (1995)
explained that to successfully implement TPM, an orga-
nization must be led by top management that is supportive
understanding and committed to the various kinds of TPM
activities.

Lack of training and education has been considered as
the major obstacle for the failure of TPM implementation
by Bakerjan (1994), Chan et al. (2005), Adam et al. (1997),
Co et al. (1998), Rodrigues and Hatakeyama (2006). Davis
(1997) has outlined lack of education and training as the
main reason for TPM failure within UK manufacturing
organizations. Lack of training will inevitably lead to a
decrease in overall equipment effectiveness and result in
failure to adopt new and improved methods. To make TPM
become a successful part of factory life will take consid-
erable effort to change mindsets from a traditional main-
tenance approach (Bamber et al.1999). Ahuja and Khamba
(2008b), Crawford et al. (1988), Becker (1993) have also
specified lack of training as the prominent problem in TPM
implementation. Maggard and Rhyne (1992) stated that
training and education is crucial to the success of
TPM. The importance of training is also highlighted by
Turbide (1995) and Moore (1997). Swanson (1997) has
emphasized upon worker training as a key component for
successful implementation of TPM in an organization.
Blanchard (1997) pointed out that training and educational
issues had become one of the critical factors to establish
successful TPM implementation, where proper education
begin as early as during the TPM introduction and initial
preparation stages. Chan et al. 2005 have also found
training as the critical success factor in implementation of
TPM in an electronics manufacturing company.

Bamber et al. (1999) have found motivation of man-
agement and workforce as a factor affecting successful
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implementation of TPM in UK manufacturing organiza-
tions. Ahuja and khamba (2008a, b) have stated that lack of
motivation on part of employees to contribute effectively
towards organizational development and sustainability
efforts as the behavioural obstacle affecting the successful
TPM implementation in Indian manufacturing organiza-
tions.

Ahuja and Khamba (2008b) have stated that companies
that have experienced failure in the TPM implementation
programs have often neglected the total employee involve-
ment. Riis et al. (1997), Cooke (2000) has also attributed
reluctance of individuals as a significant contributor for the
failure of TPM implementation program. In TPM, mainte-
nance goes from being the responsibility of the maintenance
department to being everyone’s responsibility. Such change
is often resisted by both production and maintenance per-
sonnel. Production employees and managers are reluctant
to accept responsibility for maintenance activities due to
concerns about whether or not production employees have
sufficient skill and/or time to perform maintenance tasks.
Maintenance workers, likewise, are reluctant to give main-
tenance responsibilities to production employees out of fear
that production employees will not perform maintenance
tasks appropriately and that the maintenance department will
be forced to “fix” the problems that production employees
create (Lawrence 1999).

Lawrence (1999) has stated that many TPM programs
fail because the organizations are unable to change their
culture. The biggest challenge before the organization is to
be able to make radical transformation in the organization’s
culture for ensuring overall employee participation towards
the maintenance and manufacturing performance improve-
ment through TPM initiatives. The focused and concerted
efforts have to be made by the top management to bring
about motivating organization culture by creating aware-
ness to the employees about the true potential of TPM and
by communicating to the employees about the contribu-
tions of TPM towards the employees in particular (Ahuja
and Khamba 2008a, b). Crawford et al. (1988), Becker
(1993) has also specified cultural resistance as the promi-
nent problem in TPM implementation.

Failure to allow sufficient time for evolution has been
considered as the major obstacle for the failure of TPM
implementation by Bakerjan (1994). The time required to
change from a reactive program to a proactive approach
will be considerable by some estimates it may be a three
to 5 year venture before achieving a competitive venture
for the TPM program. TPM must be seen as a long-term
commitment to strive for zero losses and not a way of
obtaining short-term fixes (McCarthy 1997; Bamber et al.
1999).

Ahuja and Khamba (2008a, b) have found that low
synergy and coordination between maintenance and

production department as the important obstacle affecting
successful implementation in Indian manufacturing orga-
nizations. Employee relations and coordination/relations
between departments influence the performance of the
organizational system and consequently determine the nature
and extent of TPM implementation.

Ahuja and Khamba (2008b), Crawford et al. (1988),
Becker (1993) have specified lack of organizational com-
munication as the prominent problem in TPM implemen-
tation. Lack of communication will result into less
employee participation in the TPM activities which in turn
results into TPM failure.

Ahuja and Khamba (2008a) have reported financial
obstacle as a significant factor affecting the successful
TPM implementation in Indian manufacturing organiza-
tions. Baglee (2008) conducted a survey in England SMEs
regarding maintenance strategy development for SMEs,
founded that, majority of responses (80 %) claimed that the
adoption of a new maintenance initiative is usually con-
strained by the lack of finances.

Ahuja and Khamba (2008b) have stated that the failure
of the organizations to successfully harness the true
potential of TPM can also be attributed to confusion over
what exactly constitutes TPM, understanding the impor-
tance of knowledge, inconsistent and unclear expectations,
neglecting the basics. Due to lack of knowledge of TPM,
workers fear that the only drive is to improve production
efficiency, reduce labour, and increase employee workload.
Many operators do not want additional responsibility and
are happy with the situation the way it is. In addition the
skilled trades enjoy feeling indispensable and think that the
autonomous maintenance activity threatens their job
security (McAdam and Duffner 1996).

Based on the extent literature review and discussions
with experts (both from industry and academia), the bar-
riers were identified and used in questionnaire survey. In
this paper, barriers with high mean score in questionnaire
survey were included for analysis by ISM approach.
Besides this, some barriers like lack of structural format,
lack of sustained momentum, no delegate person, inexpe-
rienced consultants/trainers were excluded from the study
due to very low mean score in the survey. These barriers
are enlisted in Table 1 along with their references/sources.

Moreover, the barriers like no associates training on TPM
know-how, lack of sufficient training, lack of personal
training, lack of education and training for employees, lack
of management support, lack of top management and
understanding, lack of commitment of top management, lack
of top management involvement, lack of awareness of TPM
principles which are often cited with different names and
headings are covered in this paper under a common barrier
name like lack of training and education, lack of top man-
agement commitment and support, lack of understanding
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Table 1 TPM barriers and their
references/sources

S.  TPM barriers Notation References/sources
No
1 Lack of top management B, Bakerjan (1994), Adam et al. (1997), Co et al. (1998),

commitment and support

2 Lack of training and education

3 Lack of motivation
Employee resistance

5 Cultural resistance

6 Failure to allow sufficient time

for the evolution

7 Poor relation between

production and maintenance

department
8 Lack of communication

9 Financial constraints

10 Lack of understanding and
knowledge of TPM

Jostes and Helms (1994), Chan et al. (2005), Davis
(1997), Rodrigues and Hatakeyama (2006), Bamber
et al. (1999)

B, Bakerjan (1994), Chan et al. (2005), Adam et al.
(1997), Co et al. (1998), Rodrigues and Hatakeyama
(2006), Davis (1997), Bamber et al. (1999), Ahuja
and Khamba (2008b), Crawford et al. (1988), Becker

(1993)

Bs Bamber et al. (1999), Ahuja and Khamba (2008a, b)

B4 Ahuja and Khamba (2008b), Riis et al. (1997), Cooke
(2000), Lawrence (1999)

Bs Lawrence (1999), Ahuja and Khamba (2008a, b),
Crawford et al. (1988), Becker (1993)

Bg Bakerjan (1994), McCarthy (1997), Bamber et al.
(1999)

B, Ahuja and Khamba (2008a, b)

Bg Ahuja and Khamba (2008b), Crawford et al. (1988),
Becker (1993)

By Ahuja and Khamba (2008a), Baglee (2008)

Bio Ahuja and Khamba (2008b), McAdam and Duffner
(1996)

and knowledge of TPM. Hence, these 10 barriers are
assumed to be major barriers that hinder the successful
implementation of TPM.

3 Methodology

In this research, questionnaire-based survey and ISM
approach have been used to achieve the research objec-
tives. These methodologies and the respective results are
separately discussed in the following sections.

3.1 Questionnaire-based survey

The main purpose of the questionnaire-based survey was to
facilitate experts in developing a relationship matrix as a first
step towards developing an ISM-based model. The ques-
tionnaire was designed on a five-point Likert scale and
respondents were asked to indicate the importance of 10 listed
barriers on this five-point Likert scale. On this scale, ‘1’ and
‘5’ correspond to ‘very low’ to ‘very high’, respectively.
The questionnaire was administered to companies from
Indian manufacturing industries. In total, questionnaires
were sent to 108 Indian companies. Out of the 108 ques-
tionnaires, 28 completed questionnaires were received. This
gives a response rate of 25.92 %. Whereas higher response
rates are better, response rates below 20 % are extremely
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Table 2 Data of the responding companies

S. No Description of data Range Percentage
of firms

1. Number of employees <100 3
101-500 25
501-1,000 40
1,001-3,000 17
>3,000 15

2. Turnover (US $ million) <10 8
10-20 39
20-100 31
100-200 10
200-400
>400 5

undesirable for survey findings (Yu and Cooper 1983).
Malhotra and Grover (1998) have suggested a response rate
of 20 % for positive assessment of the surveys. On the basis
of responses, the company data of 28 respondents is pre-
sented in Table 2 and the barriers are presented in the
decreasing order of their significance in Table 3.

3.2 ISM approach

ISM is a qualitative tool that was developed by Warfield with
the objective of understanding the complex relationships
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Table 3 Rank and mean score of Barriers in the implementation of
TPM

S. Barriers in the implementation of TPM Mean Rank
No score
1 Lack of top management commitment and 3.53 1
support (B;)
2 Lack of training and education (B,) 341 2
3 Lack of motivation (B3) 3.29 3
4 Employee resistance (B,4) 3.01 4
5 Cultural resistance (Bs) 2.56 5
6 Failure to allow sufficient time for the 2.14 6
evolution (Bg)
7 Poor relation between production and 2.11 7
maintenance department (B7)
Lack of communication (Bg) 1.98
Financial constraints (Bo) 1.67
10 Lack of understanding and knowledge of 1.62 10

TPM (Bo)

among elements related to a subject (Sahney 2008; Borade
and Bansod 2011). The ISM is a process that enables indi-
viduals or groups to develop a map of the complex rela-
tionships among elements in a complex situation and to
calculate binary matrix, called adjacency matrix, to present
the relations of the elements (Huang et al. 2005). Its basic
idea is to use expert’s practical experience and knowledge to
decompose a complicated system into several subsystems
(elements) and to construct a multilevel structural model
(Warfield 1974a, b; Lee and Lin 2011). ISM helps to impose
order and direction on the complex relationships among the
variables of the system (Warfield 1974a; Sage 1977).

The ISM methodology is interpretive from the fact that
as the judgment of the group decides whether and how the
variables are related. It is structural too, as on the basis of
relationship; an overall structure is extracted from the
complex set of variables. It is a modeling technique in
which the specific relationships of the variables and the
overall structure of the system under consideration are
portrayed in a digraph model. ISM is primarily intended as
a group learning process, but it can also be used individ-
ually (Borade and Bansod 2011; Singh and Kant 2008;
Ravi and Shankar 2005; Raj and Attri 2011; Mandal and
Deshmukh 1994; Pandey et al. 2005; Singh et al. 2007).

The various steps involved in ISM modelling are as
follows.

Step 1 Different elements (or variables), which are
related to defined problems, are identified and
enlisted by a survey or group problem-solving
technique. After this, a contextual relationship is
established among elements with respect to whom

the pairs of barriers would be examined.

Step 2 A structural self-interaction matrix (SSIM) is
developed for elements. This matrix indicates the
pairwise relationship among elements of the
system. This matrix is checked for transitivity.
Transitivity of the contextual relation is basic
assumption in ISM, which states that if an
element X is related to Y and Y is related to Z,

then X is necessarily related to Z.

Step 3 A Reachability Matrix is developed from the
SSIM.

Step 4 The Reachability Matrix is partitioned into differ-
ent levels.

Step 5 The Reachability Matrix is converted into its con-
ical form.

Step 6 Based upon the above, a directed graph (digraph)
is drawn and transitivity links are removed.

Step 7 Digraph is converted into an ISM model by
replacing nodes of the elements with statements.

Step 8 Finally, the ISM model is checked for conceptual

inconsistency and necessary modifications are
incorporated.

ISM can be used at a high level of abstraction such as
needed for long range planning. It can also be used at a
more concrete level to process and structure details related
to a problem or activity such as process design, career
planning, strategic planning, engineering problems, prod-
uct design, process re-engineering, complex technical
problems, financial decision making, human resources,
competitive analysis and electronic commerce (Chidam-
baranathan et al. 2009; Li et al. 2003; Banwet and Arora
1999; Rajesh et al. 2007). ISM is used by a number of
researchers (Talib et al. 2011; Lee and Lin 2011; Borade
and Bansod 2011; Raj and Attri 2011; Kuo et al. 2010;
Pramod and Banwet 2010; Georgakopoulos 2009; Chi-
dambaranathan et al. 2009; Singh and Kant 2008; Thakkar
et al. 2007, 2008; Qureshi et al. 2007; Faisal et al. 2006,
2007a, b; Singh et al. 2003, 2007; Rajesh et al. 2007; Raj
et al. 2007; Agarwal et al. 2006; Ravi et al. 2005; Ravi
and Shankar 2005; Jharkharia and Shankar 2004, 2005;
Bolanos et al. 2005; Banwet and Arora 1999; Sharma et al.
1995; Mandal and Deshmukh 1994; Saxena et al. 1990,
1992) to develop a better understanding of the systems
under consideration.

The various steps, which lead to the development of an
ISM model, are illustrated below.

3.2.1 Structural Self-Interaction Matrix (SSIM)
ISM methodology suggests the use of the expert opinions
based on various management techniques such as brain

storming, nominal group technique, etc. in developing the
contextual relationship among the variables (Ravi and

@ Springer



Int J Syst Assur Eng Manag

Shankar 2005; Hasan et al. 2007; Barve et al. 2007). In this
research, experts from the industry and academia were
consulted in identifying the nature of contextual relation-
ship among the barriers of TPM implementation. These
experts from the industry and academia were well con-
versant with maintenance practices of the industrial
organisations. For analysing the barriers, a contextual
relationship of ‘leads to’ or ‘influences’ type is chosen.
This means that one barrier influences another barrier. On
the basis of this, contextual relationship between the
identified barriers is developed.

Keeping in mind the contextual relationship for each
barrier and the existence of a relationship between any two
barriers (i and j), the associated direction of the relationship
is questioned. The following four symbols have been used
to denote the direction of relationship between two barriers
(i and j):

e V for the relation from barrier i to barrier j (i.e., barrier
i will influence barrier j)

e A for the relation from barrier j to barrier i (i.e., barrier
i will be influenced by barrier j)

e X for both direction relations (i.e., barriers i and j will
influence each other)

e O for no relation between the barriers (i.e., barriers
i and j are unrelated).

Based on the contextual relationships, the SSIM is
developed. To obtain consensus, the SSIM was further
discussed by a group of experts. On the basis of their
responses, SSIM has been finalised and it is presented in
Table 4.

3.2.2 Reachability matrix

The next step in ISM approach is to develop an initial
reachability matrix from SSIM. For this, SSIM is converted
into the initial reachability matrix by substituting the four
symbols (i.e., V, A, X or O) of SSIM by 1 or O s in the
initial reachability matrix.

The rules for this substitution are as follows:

1. If the (i, j) entry in the SSIM is V, then the (i, j) entry
in the reachability 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 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 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 matrix becomes 0 and the (j, i) entry also
becomes 0.

Following these rules, the initial reachability matrix is
prepared as shown in Table 5.

1* entries are included to incorporate transitivity to fill
the gap, if any, in the opinion collected during development
of structural self-instructional matrix. After incorporating
the transitivity concept as described above, the final reach-
ability matrix is obtained and is presented in Table 6.

3.2.3 Level partitions

From the final reachability matrix, for each barrier,
reachability set and antecedent sets are derived. The
reachability set consists of the barrier itself and the other
barrier that it may impact, whereas the antecedent set
consists of the barrier itself and the other barrier that may
impact it. Thereafter, the intersection of these sets is
derived for all the barriers and levels of different barriers
are determined. The barriers for which the reachability and
the intersection sets are the same occupy the top level in
the ISM hierarchy. The top-level barriers are those barriers
that will not lead the other barriers above their own level in
the hierarchy. Once the top-level barrier is identified, it is
removed from consideration. Then, the same process is
repeated to find out the barriers in the next level. This
process is continued until the level of each barrier is found.
These levels help in building the diagraph and the ISM
model. In the present case, the 10 barriers, along with their
reachability set, antecedent set, intersection set and levels,
are presented in Tables 7, 8, 9, 10, 11, 12, 13.

Table 4 Structural self-

interactive matrix (SSIM) Barrier (B) Bio

jov}
1

o
%
o
N
jev)
o
o
wn
os]
B
o
I
o
M

B,
B,
B;
By
Bs
Bg
B,
Bg
By

O <O >» O » < X<
OO » O » » » X

<» O » O < <
> » O < » O
O < O O <
X< <<

<

@ Springer



Int J Syst Assur Eng Manag

Table 5 Initial reachability

o Barrier (B;) B, B, B, B, Bs Be B, Bs Bo Bio
B, 1 1 1 1 1 1 0 1 1 1
B, 0 1 0 1 1 0 0 1 0 1
B3 0 0 1 1 1 0 1 0 0 1
B4 0 0 0 1 1 1 0 0 0 0
Bs 0 0 0 1 1 0 0 0 0 0
B 0 0 0 0 0 1 0 0 0 0
B, 0 1 0 0 1 1 1 1 0 0
By 0 0 0 1 0 1 0 1 0 1
By 1 1 1 1 0 1 0 0 1 0
Bio 0 1 0 1 0 1 0 0 0 1
izt’rli‘:f Final reachability Barrier (B;) B, B, B, B, Bs Bs B, Bg B, Bio
B, 1 1 1 1 1 1 1* 1 1 1
B, 0 1 0 1 1 1* 0 1 0 1
B; 0 0 1 1 1 1* 1 0 0 1
By 0 0 0 1 1 1 0 0 0 0
Bs 0 0 0 1 1 0 0 0 0 0
B¢ 0 0 0 0 0 1 0 0 0 0
B, 0 1 0 1* 1 1 1 1 0 1*
By 0 1* 0 1 1* 1 0 1 0 1
By 1 1 1 1 1* 1 1* 1* 1 1*
f“ Entries are incl.u.df.:d to By 0 1 0 1 1 1 1* 0 0 1
incorporate transitivity
Table 7 Tieration 1 Barriers Reachability set Antecedent set Intersection set Level
(By) R (By) A (By) R (By) NA(By)
B, By, By, B3, By, Bs, B, B7, Bs, By, By By, By
By, Byo
B, B»,B4, Bs, Bs, Bs, Bio By, By, By, Bs. Bo, By Bs, Bs, Bio
B; Bs, B4, Bs, Bg, B7, Bio By, B3, By B;
By B4, Bs, Bs Bi, By, Bs, By, By, Bs, Bo, Byo By
Bs Bs, B B, Ba, B3, By, Bs, B7, B, B, Bijg Bs
Bs Bs Bi, B2, B3, By, Bs, B, B7, Bg, Bo, Bio Bs I
B, Bs, B4, Bs, Bg, B7, Bs, Bio By, B3, B7, Bo, By B7, Bio
Bs Bs, B4, Bs, B, Bs, Bio By, Ba, B7, Bg, By B,, Bg
By By, B2, B3, B4, Bs, Bg, B, Bs, Bi, Bo By, By
By, Bio
Bio Bs, B4, Bs, Bg, B7, Bio Bi, Ba, B3, B7, Bs, Bo, Bio Bs, Bio

3.2.4 Conical matrix

A conical matrix is developed by clustering barriers in the
same level across the rows and columns of the final
reachability matrix, as shown in Table 14. The drive power
of a factor (barrier in this case) is derived by summing up
the number of ones in the rows and its dependence power
by summing up the number of ones in the columns (Raj
et al. 2007, 2012; Attri et al. 2012; Raj and Attri 2011).
Next, drive power and dependence power ranks are cal-
culated by giving highest ranks to the barriers that have

the maximum number of ones in the rows and columns,
respectively.

3.2.5 Digraph

From the conical form of reachability matrix (Table 14),
the initial digraph including transitive links is obtained. It
is generated by nodes and lines of edges (Raj et al. 2007,
2012; Attri et al. 2012; Raj and Attri 2011). After removing
the indirect links, a final digraph is developed (Fig. 1).
A digraph is used to represent the elements (barriers)
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Table 8 Iteration 2

Barriers Reachability set Antecedent set Intersection set Level
(B R By A (B) R B)NAB)
B, By, By, B3, By, Bs, B7, Bg, Bg, Bijo By, By By, By
B, B»,B4, Bs, Bg, Bio Bi, By, By, Bs, By, Bio B», Bs, Bio
B; Bs, By, Bs, B, By By, B3, By B;
By By, Bs, B, By, Bs, By, B7, Bg, Bo, Bio Bs
Bs Bs Bi. By, B3, B4, Bs, B, Bg, Bo, Big Bs II
B7 B21 B45 BSa B7a B87 Bl() Bl’ B3a B7’ B95 Bl() B77 BIO
Bsg B,, By, Bs, Bg, By By, By, By, Bg, By B,, Bg
By By, By, B3, By, Bs, B7, Bg, Bg, Bjo By, By By, By
Bio B», By, Bs, B7, By B, By, B3, By, Bg, By, By B, Bio
Table 9 Tteration 3 Barriers  Reachability set Antecedent set Intersection set  Level
By R By A (By) R By NA B
B, B, By, B3, By, B7, Bg, Bo, Bijp By, Bo By, By
B, B3,By4, Bs, Bio B1, B2, By, B, Bo, Bio B», Bs, By
B; B3, By, B7, Bio By, B3, By B;
By B, Bi, By, B3, By, By, Bg, Bo, Bjy By I
B7 BZa B4a B77 BSa BlO Bl’ B3a B77 B9’ BIO B7a BIO
B8 B27 B4= BX’ BIO Blv B2= B7’ BS’ B9 BZ, B8
By By, Ba, B3, By, By, Bg, Bg, Bio By, By By, By
Bio Bs, B4, B7, Bio By, By, B3, By, Bg, Bo, By B, Bio
Table 10 Teration 4 Barriers Reachability set Antecedent set Intersection set Level
(B R (By) A (B R B)NA®B
Bl Bl’ BZa B37 B7, BSa B99 BIO Bla B9 Bla B9
BZ B2’B8= BIO Bl, B2= B7’ BX’ B9= BIO BZ: BS» Bl() v
Bs Bs, B7, Bio By, B3, Bo B;
B, Bs, B7, Bs, Bio By, B3, By, By, By B2, Bio
Bs B», Bs, Bio By, By, By, Bg, By B,, Bg
B9 Bh BZ, BS’ B7’ BS’ B9’ BIO Bla B9 Bl’ B9
Bll} B27 B7a BIO Bla B25 B37 B7a B85 B97 BIO BZa BlO
Table 11 Iteration 5 3.2.6 ISM model
Barriers Reachability Antecedent Intersection set  Level . . . .
(B set set R (B) N A (B Digraph is converted into an ISM model by replacing
R (B A (B) nodes of the barriers with statements as shown in Fig. 2.
From the model developed with the identified barriers in
B,  B.ByB.By BB By, B . o P . .
this paper, it is clear that the most important barrier that
B; Bs, By By, B3, By Bs . . . . .
hampers TPM implementation in Indian manufacturing
B; B; B, B3, B7, By By \Y . .. )
industries is lack of top management commitment and
B9 B17B3a B7a B9 B15B9 Bla B9

and their interdependencies in terms of nodes and edges or
in other words digraph is the visual representation of the
elements (barriers) and their interdependence (Raj and
Attri 2010). In this development, the top level enabler is
positioned at the top of the digraph and second level ena-
bler is placed at second position and so on, until the bottom
level is placed at the lowest position in the digraph.
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support (B;) and financial constraints (Bg), which comes as
the base of ISM hierarchy.

3.2.7 Classification of barriers

Based on their drive power and dependence power, the
barriers, in the present case, have been classified into four
categories as follows:
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Table 12 Iteration 6

Barriers Reachability Antecedent Intersection set  Level
(By) set set R (B) N A (B))

R (By) A (By)
B, By, B3, By By, By By, By
B; B; By, B3, By B; VI
By By, B3, By Bi, By Bi, By
Table 13 Iteration 7
Barriers Reachability Antecedent Intersection set Level
(By) set set R (Bj) N A (B

R By A (B)
B, By, By Bi, By Bi, By VI
By Bi, By By, Bo By, Bo vl

e Autonomous barriers: These barriers have weak drive
power and weak dependence. They are relatively
disconnected from the system, with which they have
few links, which may be very strong.

e Linkage barriers: These have strong drive power as
well as strong dependence. They are also unstable. Any
action on them will have an effect on others and also a
feedback effect on themselves.

e Dependent barriers: This category includes those
barriers which have weak drive power but strong
dependence power.

e [ndependent barriers: These have strong drive power
but weak dependence power. It is generally observed
that a barrier with a very strong drive power, called the
‘key barrier’, falls into the category of independent or
linkage barriers.

This classification is similar to that by Mandal and
Deshmukh (1994). The drive power and dependence power
of barriers are shown in Table 14. Thereafter, the drive
power-dependence power diagram is drawn as shown in
Fig. 3. This figure has been divided into four clusters. First

cluster includes ‘autonomous barriers’, second cluster
includes ‘dependent barriers’, third cluster includes ‘link-
age barriers’ and fourth cluster contains ‘independent
barriers’. In the further illustration of this Fig. 3, it is
observed from Table 14 that barrier 9 (Bo) has drive power
of 10 and dependence power of 2, hence in Fig. 3; it is
positioned at a place which corresponds to drive power of
10 and dependence of 2, i.e. in the fourth cluster. Now, its
position in the fourth cluster shows that it is an independent
barrier. Similarly, all the barriers are positioned at places
corresponding to their driving power and dependence
power.

4 Discussion and conclusion

TPM is increasingly implemented by many organizations
to improve their equipment efficiency and to obtain the
competitive advantage in the global market in terms of cost
and quality. The barriers hindering the successful imple-
mentation of TPM pose considerable challenges for man-
ufacturing/maintenance managers. In this research, ISM
approach has been applied to analyse the barriers to TPM
implementation. It used literature review as the research
basis and utilized experts to guide model building and
analysis. The barriers were partitioned into a multilevel
hierarchy to allow clear visualization of their relationships.
The relationships hierarchy served as a useful reference for
company strategic decision making. The driver-depen-
dence diagram gives some valuable insights about the
relative importance and interdependencies among the bar-
riers. The important implications emerging from this study
are as follows:

e The driver-dependence matrix (Fig. 3) shows that there
is no autonomous barrier. Autonomous barrier is weak
driver and dependent and does not have much influence
on the system. The absence of autonomous barriers in
this study indicates that all the considered barriers play

Table 14 Conical Matrix Barriers (B;) Bs
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Fig. 1 Digraph showing levels of TPM barriers

a significant role in TPM implementation. The man-
agement, therefore, should pay attention to all the
considered barriers.

e Dependent barriers are ‘Employee resistance’ (By),
‘Cultural resistance’ (Bs), and ‘Failure to allow suffi-
cient time for the evolution’ (Bg). These barriers are
weak drivers and strongly depend on the other barriers.
The management should, therefore, accord high priority
in tackling the root cause of these barriers. In this
process, management should understand the depen-
dence of these barriers on other level barriers in the
ISM.

e Barriers ‘Lack of training and education’ (B,) and
‘Lack of understanding and knowledge of TPM’ (B;)
are linkage barriers. They have strong driving power as
well as high dependence. These are the ones that are
influenced by lower-level barriers and in turn impact on
other barriers in the model. For tackling these barriers,
management should conduct orientation and training
programs for all the employees.

e Barriers such as ‘Lack of top management commitment
and support’ (By), ‘Lack of motivation’ (B3), ‘Poor
relation between production and maintenance depart-
ment’ (B;), ‘Lack of communication’ (Bg) and ‘Finan-
cial constraints’ (Bo) are independent barriers. These
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barriers have strong driving power and weak dependency
on other barriers. They may be treated as the key barriers
for the successful implementation of TPM. It can also be
inferred that these barriers may be treated as the root
cause of remaining barriers. To manage these barriers, a
comprehensive strategic plan for TPM implementation
should be formulated to achieve success.

Furthermore, from ISM model (Fig. 2) it is observed
that the barriers, employee resistance, cultural resistance
and failure to allow sufficient time for the evolution are
among the top-level barriers. These are the ones which are
being affected by the lower-level barriers. Lack of training
and education, Lack of understanding and knowledge of
TPM, Lack of communication, Lack of motivation and
Poor relation between production and maintenance
department are the middle-level barriers. Lack of top
management commitment and support and Financial con-
straints have highest driving power and lowest dependence
power, hence they appear at the bottom of ISM hierarchy.

The results of this study can help in strategic and tactical
decisions for the organizations to tackle the barriers of
TPM implementation. The main strategic decision relies on
top management commitment for adoption of TPM. Once
top management commits itself, it will help the company to
tackle various barriers effectively. This is important as
generally management focuses on one or two barriers,
which it thinks as significant without taking into consid-
eration those barriers that may be the real barriers to
effective implementation of TPM. The hierarchy-based
model further demarcates those barriers that are most
important and need more attention and are the root cause of
the problem. Lack of top management commitment and
financial constraints which are at the bottom of the ISM-
based model, are the most important barriers that inhibit
strategic planning, hampering adoption of TPM. Thus, the
ISM-based model proposed in this paper for identification
of barriers of TPM can provide the managers and decision
makers a more realistic representation of the problem in
course of implementing Total Productive Maintenance.

Moreover, ISM model will vary according to the type of
barriers present in a particular company. Large size com-
panies may have different types of barriers than small size
companies. For example, in large companies, management
is in different levels i.e. top, middle, low but in small sized
companies, management is not in such levels. In case of
large companies barriers may exist in terms of lack of
support and commitment from top, middle and low level
managers whereas in small sized industry barrier will exist
in term of lack of support and commitment from top
management only as the management is not at different
levels. Barriers such as union resistance will normally exist
in large sized company only.
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Fig. 2 Interpretive structural
model showing levels of TPM

Failure to allow sufficient
time for the evolution

Barriers
Cultural Resistance
Employee Resistance
Lack of training Lack of communication Lack of understanding
and education and knowledge of TPM
Poor relation between
production and
maintenance department
Lack of motivation
Lack of top management Financial constraints
commitment and support

Fig. 3 Clusters of barriers in Driving Power
the implementation of TPM 10 B..B,
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5 Limitations and scope of future work

In the present work, 10 barriers are identified for modelling
the barriers of TPM. The expert’s help have been sought to
analyse driving and dependence power of the barriers of
TPM. Here, the framework developed depends upon the
survey and opinion of maintenance/manufacturing experts,

Dependence power

which may has some element of bias. Through ISM, a
relationship model among barriers of TPM has been
developed. This model has not been statistically validated.
The present model can be statistically tested with use of
structural equation modelling (SEM) which has the ability
to test the validity of such models. It is, therefore, very
interesting to compare ISM and SEM techniques. SEM can

@ Springer
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statistically validate an already developed model but cannot
prepare an initial model, whereas ISM has the capability to
provide such an initial model. Hence due to the comple-
mentary nature of both the techniques, future research may
be directed to test the validity of the proposed ISM model
by using the SEM technique. LISREL software can also be
used to examine the relationships derived from this model.

Appendix

See Tables 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14.
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