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1 INTRODUCTION

The term ‘lean‘ is defined as a system that takes less input to create the same outputs as those of
a traditional mass production system, while contributing more varieties for the customer [1]. Lean
is a method and philosophy of eliminating waste [2]. Lean brings the cultural transformation that
the entire business world embraces to make it lean for the sake of survival. Lean manufacturing is
a paradigm meant to create more for the customers with fewer resources. Voss [3] pointed out that
lean manufacturing has been accepted by many industries for improving their businesses. There is a
growing interest in implementing lean among firms [4]. The firms that implement lean
manufacturing aim to eliminate waste or non-value-adding activities, and to reduce lead times
without compromising higher quality and customer satisfaction. According to Womack and Jones [5],
any business activity that does not create value is considered wasteful; so it must be identified and
eliminated.

Lean assessment helps to develop a gap analysis to find the places needing improvement and to map
the overall success in lean transformation. To determine the relative score of each lean activity, a
questionnaire was prepared with the aid of the literature to explain the quantitative measures of
organisational leanness [5]. Many quantitative lean metrics were employed in the analysis of
multiple aspects of lean manufacturing. However, the quantitative lean metrics that can be
quantified are limited to some aspects of lean manufacturing performance [6].

The organisation of this paper is as follows: Following this introduction, the literature reviews on
lean readiness and its factors are discussed. Then change management and force field analysis and
the lean framework are addressed. A survey on fuzzy logic is followed by the membership functions
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of input and output variables. The data collection, results, and conclusion about lean readiness are
also explained.

2 LITERATURE REVIEW

Lean readiness is all about getting started with lean practices in any industry. The readiness of an
organisation for change depends mainly on handling conflicting ideas. Whenever a conflict of interest
occurs between two or more people in the decision-making process, then bringing in changes is put
at risk. The people in the industry, the stakeholders, are often involved in decision-making. Personal
differences in their views can have a greater impact on the activities intended to bring improvement.
So it is appropriate to resolve the conflicting views before taking any decisions on change
management.

It is change that management looks for when it adopts lean practices. Hayes [7] discussed the
requirement of proper planning before implementing changes such as lean six sigma. For
management, handling conflicts becomes a tedious task. While getting ready, there are factors that
support it and there are factors that oppose it. Finding them in the first place heads us in the right
direction towards the change. For successful lean implementation, discovering the organisation’s
readiness for lean is the first step on a lean journey. The significance of drivers and barriers in
implementing lean was assessed by Salonitis and Tsinopoulos [8] in Greek manufacturing industries.
A framework model was developed by Al-Najem et al. [9] to evaluate the lean readiness and lean
systems of Kuwait-based small and medium scale industries. A study was conducted empirically by
Shokri, Waring & Nabhani[10] to find the effects of people’s competence and organisational culture
on the readiness for lean six sigma projects in small & medium sized enterprises(SMEs). From the
reviews, it was found that not many papers contributed towards lean readiness. By grasping this
opportunity, this paper offers a framework for evaluating the lean readiness of an organisation.

2.1 Critical success factors

Critical success factors (CSFs) are key to the success of any organisation. CSFs are vital to any
business activity that promotes change. Twenty-one CSFs were identified for bringing modularisation
to engineering procurement and the construction industry [11]. In spite of several attempts at lean
implementation, many firms failed to succeed in lean practices [12]. To overcome costly failures in
implementing lean, many researchers and consultants recommended several CSFs. Netland [13]
proposed twenty-two CSFs from 14 structured reviews, and investigated the effect of contingency
variables on the success factors of lean implementation. From studies of the literature, the three
most important CSFs are management commitment and involvement, training and education, and
employee participation and empowerment. Achanga et al. [14] suggested some of the CSFs:
leadership, management, finance, organisational culture, skills, and expertise. The CSFs for lean
manufacturing proposed by several researchers can be seen in Table 1.

Table 1: Reviews of critical success factors for lean manufacturing

Critical success factors References

Effective communication | Marodin and Saurin [15]

Team work Netland [13]

Management commitment | Coronado and Antony [16] , Papadopoulou et al. [17], Ramarapu et al. [18]
Organisational culture Achanga et al. [14], Shah and Ward [19]

Empowered work force Netland [13]

Employee involvement Ramarapu et al. [18]

Reward and recognition Marodin and Saurin [15]

Resource management Achanga et al. [14]

Technology support Achanga et al. [14]

Manufacturing strategy Minh et al. [20]

Training and education Zhu et al. [21], Marodin and Saurin [15]

Leadership Dombrowski & Mielke [22], Garcia-Sabater and Marin-Garcia [23]

2.2 Barriers

Barriers are obstacles to growth and change. Barriers are the reason for low lean adoption by many
firms. Twelve barriers to just-in-time (JIT) production implementation were identified and analysed
by Jadhav, Mantha & Rane[24] using the interpretive structural modelling approach. Likewise,
successful lean practices are driven by the CSFs, and challenged by several barriers. These barriers
hamper CSFs to an extent when CSFs are not taken seriously by management. Barriers are the
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opposite of those CSFs for lean implementation [25]. Some of the barriers to lean, as acknowledged
by Easwaramoorthi et al. [26], are lower volume of demand, frequent design changes, not addressing
the needs in the machine tool industry, relying on purchased items, and difficulty handling the
machine tool components. The factors concerning the CSFs and the barriers to organisational change
are case-specific —i.e., they are unique to each implementation of lean [27]. The reviews of barriers
are shown in Table 2.

Table 2: Reviews of barriers to lean manufacturing

References

Bhasin and Burcher [28], Hines et al. [29],
Abolhassani et al. [30]

Bouville et al. [31]

Barriers
Resistance of employees

Employee inconsistency

Resource constraints

Eswaramoorthi et al. [26]

Investment restrictions

Jadhav et al. [24], Marodin and Saurin [27]

Demand fluctuations

Easwaramoorthi et al. [26]

Organisational issues

Bhasin [32], Shah and Ward [19]

Limited management

Lodgaard et al. [33], Panizzolo et al. [34], Abolhassani et al. [30],

commitment Ciarniene et al. [35]
Lack of involvement and team Lodgaard et al. [33]
work

Failure to prioritise lean Lodgaard et al. [33]
practices

Lack of knowledge

The absence of a sound action
plan

Poor communication

Lodgaard et al. [33], Abolhassani et al. [30]
Jadhav et al. [24]

Yang and Yu [36], Ciarniene et al. [35]

3 CHANGE MANAGEMENT

According to Burnes [37], change is an ever-present feature of an organisation’s existence at
strategic and operational levels. Organisational change is the result of its strategic management.
The successful management of change is necessary for an organisation’s survival [38]. There is no
consensus on a framework for change management. Lean manufacturing is a continuous
improvement process of implementation, bringing never-ending change to an organisation. An
industry should overcome any divergence among its people to move towards a nhew manufacturing
paradigm. Before getting ready for a change such as lean manufacturing on a large scale, it should
be discussed to find any differences of opinion among the stakeholders through brainstorming. In
this research, using a brainstorming session, the details of lean readiness were discussed and
recorded with the help of 10 experts. Five were from manager level, and the other five were from
engineer level. All of them were part of the case study industry, with vast knowledge on lean
implementation through their previous experience and training. This kind of session was very helpful
in identifying the factors affecting readiness. Readiness for change is often affected by conflicting
views. The force field analysis was used to document and analyse the factors affecting lean
readiness.

3.1 Force field analysis

Force field analysis was developed by Kurt Lewin in 1951 to represent mathematically the factors
influencing social situations. The factors are the forces that can both drive and obstruct changes in
any organisation. It is a technique adopted worldwide for planning and implementing change to
understand the forces that affect it. Swanson and Creed [39] explained the significance of this tool
and its relevance to modern management. In this work, the force field analysis was carried out
between the critical success factors for and barriers to lean manufacturing. The CSFs are considered
the driving forces, and the barriers are the restraining forces. The sub-factors of the CSFs and the
barriers (listed in Table 3) were identified during the brainstorming session with the experts. These
sub-factors of opposing forces can affect the change towards lean readiness. Knowing the state of
these factors can help in identifying lean readiness. In this work, to overcome the subjectivity of
qualitative data, a hierarchical fuzzy system was proposed to evaluate lean readiness. The opposing
forces of lean readiness are shown in Table 3.
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Table 3: The opposing factors of lean readiness

Driving forces (+) S ERestraining forces (-)
Critical success factors Barriers
Management commitment | | ean readiness Organisational issues
Empowered workforce Employee Inconsistency
Resource management Resource constraints
Technological support Investment restrictions
Manufacturing strategy Demand fluctuation

4  LEAN READINESS FRAMEWORK

A framework model is used to show how to implement a new strategy in a hierarchical way. Change
management is all about bringing about transformation from the existing system of practice. To find
lean readiness in this work, a framework was developed from the concept of change management,
which identifies the opposing factors of the CSFs and barriers, as shown in Figure 1. It consists of
three stages. The first stage is the sub-factors of the critical success factors and the barriers. The
five sub-factors of the CSFs and the barriers are the driving forces and restraining forces towards
lean readiness respectively. The second stage is the CSFs and the barriers. The third and final stage
reveals the lean readiness of an industry. The path to lean readiness lies in finding the weightings
of the sub-factors and the factors of the first and the second stage respectively. This helps to decide
whether or not a firm is ready to implement lean.

1. Management Commitment
2. EmpoweredWorldforce

3. Resource Management Yo
4. Technological Support Critical Success Factors
5. Manufacturing Strategy

Lean Readiness

. Organizational Issues

. EmployeeInconsistency
. Resource Constraints

. Investment Restrictions
. Demand Fluctuation

Barriers

[ B SRR

Figure 1: Lean readiness framework
Mathematical model
Mathematically, this framework can be represented as:

Lean readiness = f(X1,Xz,X3,X4,X5,X6,X7,X8,X9,X10) (1)

Lean readiness in the mathematical model is the function of the ten variables that make up the sub-
factors of the CSFs and the barriers.

Input and output factors

Lean readiness is the final result of this framework, and is considered as an output factor, depending
on two factors: the critical success factors, and the barriers.

Lean readiness = f(critical success factors, barriers)

The critical success factors in the second stage are the function of the five input sub-factors in the
first stage.

CSFs = f(x1,X2,X3,X4,X5) 2)
Similarly,
The barriers in the second stage are the function of the five input sub-factors in the first stage.
Barriers = f(x,X7,X8,X9,X10) 3)
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From the above equations, the CSFs and the barriers were identified. Then these values were given
to equation (1) to evaluate the lean readiness of an industry.

The details of the selected sub-factors of the CSFs and the barriers to lean manufacturing are given
below.

Management commitment (x4) is the dedication of the management to bringing about change. The
change that the management seeks is lean implementation. It is the most critical factor in
implementing lean successfully. If management is greatly involved in development activities such as
lean, then changes within the industry can easily be achieved.

An empowered work force (xz) is an asset in any organisation. This leads to self-governance and
positive growth towards the success of any activities. The empowered workforce is the result of
well-trained professionals who become experts in their field. They can contribute much to the
growth of an organisation.

Resource management (x3) is the method of managing various resources effectively and efficiently.
The resources include finance, equipment, materials, people, and time. It gives the organisation a
clear direction towards change.

Technology support (x4) is the aid of new technology in doing the required task. With the support of
technology, management can reduce the lead time and cost, and improve the quality of the product.

Manufacturing strategy (xs) is the method of doing the task in manufacturing a product. If it follows
a highly successful manufacturing paradigm, then it can achieve good results.

These five sub-factors are inputs to the critical success factors; they are essential factors for lean
implementation. The sub-factors of the barriers are detailed below.

Organisational issues (x¢) are the obstacles relating to management. If there are issues such as
financial problems, strikes, mismanagement, etc., then the industry cannot undertake any change
initiatives. The commitment to such change must then be seriously questioned.

Employee inconsistency (x7) is the failure of an employee to perform consistently. This may be due
to frequent absenteeism caused by repetitive work, tiredness, health issues, psychological problems
such as stress, etc. This may also be due to lack of knowledge, training, participation, or motivation.
These problems must be addressed and acted on by management at the earliest opportunity. This
barrier affects the very basis for change — i.e., an empowered workforce.

Resource constraints (xg) refer to the lack of resources, such as employees, machines, materials,
finance, etc. In such a situation, management cannot proceed with new paradigms. These
constraints can influence resource management.

Investment restrictions (x9) are limitations on the amount invested by management, which may not
have sufficient funds to invest in changes such as lean manufacturing, new technology, etc. If the
management is not ready to invest in change, then growth is not possible.

Demand fluctuations (x10) are the variations in the ordering of products by customers over time.
Demand for a product changes, depending on market requirements. This plays a significant role in
change management. It affects the manufacturing strategy in producing the number of products.

5 FUZZY LOGIC

Fuzzy logic evolved from fuzzy set theory. This idea was first developed by Lotfi Zadeh in 1965. It is
a method of managing human perceptions in decision-making. Ragin [38] emphasised that fuzzy sets
permit the scaling of membership scores for partial or full fuzzy membership. Generally speaking,
fuzzy logic is a technique to overcome uncertainty and ambiguity in decision-making. Mamdani was
used as a fuzzy inference system in this study because of its simple structure and ease of producing
results. In this work, the trapezoidal membership function was applied to measure the input and
output variables. A fuzzy model is expressed as a block diagram in Figure 2.
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Inference -
- Defuzzifier Output

Input || Fuzzifier > Engine
/ T

Fuzzy Knowledge Base

Figure 2: Fuzzy inference system

The block diagram consists of the fuzzifier, inference engine, fuzzy knowledge base, and defuzzifier.
The fuzzifier converts the crisp input values into fuzzy values. The fuzzy values are then processed
by the inference engine, based on the rule base from the fuzzy knowledge base. The defuzzifier,
using the centroid method, converts the fuzzy value into the crisp value of outputs in MATLAB. In
this way, the fuzzy inference system produces the output by following human reasoning as the rule
base. Fuzzy logic is widely applied to solve problems that contain subjectivity. Moreover, fuzzy logic
was mentioned in many studies of literature about its application in evaluating the performance of
a person or a system. A performance evaluation system was developed for employees, considering
20 performance evaluation criteria using fuzzy logic [41]. In a conventional fuzzy-based system, the
number of rules increases exponentially, and handling them creates a lot of complexity. In order to
overcome the complications due to the number of inputs and membership functions, a hierarchical
fuzzy system has been proposed in this work. The hierarchical fuzzy system corresponds to the
hierarchical form of low-dimensional fuzzy systems [42]. The advantage of this system was identified
by Lee, Chung & Yu [43] as the total number of linear rule increases. The final solution of the model
depends on the size of the hierarchical fuzzy logic, which is specified by different stages of
computation. Kouikolglou and Phillis [44] provided the necessary conditions to prove the
monotonicity of hierarchical fuzzy systems — i.e., the rule base is non-decreasing. A model was
proposed using the fuzzy inference system to evaluate SMEs’ manufacturing sustainability [45]. At
first, the output variables are computed from the input variables at the lower stage of the
hierarchical fuzzy system. Then the output variables from the lower stage can be applied as input
variables to the upper stage for the final solution.

Rule formulation
The total number of rules in the hierarchical fuzzy system can be defined using Equation (4) by
referring to the model proposed by Fayaz et al. [46].

L
Number of rules = Z fi*m" (4)
i=1
where

fi= no. of factors in each stage,

M = no. of membership functions in each stage,
ni = no. of sub-factors in each stage,

i=1toL no. of stages.

The number of rules proposed for the first stage = 2*35 = 2*243 = 486
The number of rules in the second stage = 1*42= 16
Therefore the total number of rules in both the stages = 502

The third stage is the result of the second stage

The first stage of the lean readiness framework has five-sub factors each for the critical success
factors and the barriers. So the determination of output variables was the same for both elements.
In the first stage of the hierarchical fuzzy system, the average of the fuzzy sets was performed
between the five trapezoidal fuzzy numbers. The average fuzzy operation was inspired by the
literature proposed by Vinodh et al. [47] . Let A, B, C, D, and E be the five trapezoidal fuzzy numbers,
where F is the output or the average of these five numbers. In the second stage, the average was
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performed between two trapezoidal fuzzy numbers and they were the critical success factors and
the barriers.

then,

F = (A+B+C+D+E)/5 = ((a1 +b1+ci+di+e1)/5; (az +by+ca+da+e2)/5; (az +bs+cs+ds+e3)/5;
(a4 +b4+C4+d4+e4)/5))

A= (a1,
B = (b,
C=(c,
D = (di,
E=(ey,
F=(f1,

az, as, a4)
bz, b3, b4)
C2, C3, C4)
d, ds, da
€2, €3, €4
fa, f3, f4)

)
)

— e —— — —
O O 00 N oNuUl
_——_——-—-——

In the first stage of the hierarchical fuzzy system, there are three trapezoidal membership functions
as inputs, and four trapezoidal membership functions as outputs, as shown in Table 4. In the second
stage, there are four trapezoidal membership functions each for the critical success factors and the
barriers used as inputs, and five trapezoidal membership functions of lean readiness used as outputs,
which are tabulated in Table 5.

Table 4: Different fuzzy linguistic variables and their fuzzy elements in the first stage

Input Fuzzy linguistic input variable with membership Fuzzy linguistic output variable with
factors range membership range
Poor Average | Good | Performance in terms of CSFs (0 to 10)
Management Oto4 3to7 6 to Poor Average Good Excellent
commitment 10
. Empowered Oto4 3to7 6 to
Critical | workforce 10
sfuc<t:ess Resource Oto4 3to7 6 to
actors | management 10
Technological Oto4 3to7 6 to Oto4 2to6 4to8 6t 10
support 10
Manufacturing Oto4 3to7 6 to
strategy 10
High Medium Low Very high High Medium Low
Organisational Oto4 3to7 6 to
issues 10
Employee Oto4 3to7 6 to
inconsistency 10
Barriers Resourge Oto4 3to7 6 to 0to4 2106 4108 6 to 10
constraints 10
Investment Oto4 3to7 6 to
restrictions 10
Demand Oto4 3to7 6 to
fluctuation 10
Table 5: Different fuzzy linguistic variables and their fuzzy elements in the second stage
Output Fuzzy linguistic input variable with membership Fuzzy linguistic output variable with
factor range membership range
Input Poor | Average Good Excellent | Performance in terms of lean readiness
(0 to 10)
CSFs 0to 2to6 4to8 6 to 10 Not Less | Fairly | More | Always
Lean 4 ready | likely | ready | likely | ready
readiness ready
Very High Medium Low
high 3to 5to 7 to
- Oto3 1to5
Barriers 0;0 2106 4t08 6t0 10 7 9 10
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For instance:
‘If then’ rules for the critical success factors:

If management commitment is poor, the empowered workforce is poor, the resource management
is poor, the technology support is poor, and the manufacturing strategy is poor, then the critical
success factors are poor.

‘If then’ rules for the barriers:
If organisational issues are high, employee inconsistency is high, resource constraints are high,
investment constraints are high, and demand fluctuation is high, then the barrier is high.

Figures 3 to 5 were employed to show the input and output variables of the CSFs and barriers in the
first stage, and lean readiness in the second stage. The membership functions were the same for all
the input variables of the CSFs and the barriers, as mentioned in Figures 6 and 7 respectively. Figures
8 and 9 denote the output variables of the CSFs and the barriers in the first stage, which were the
same as the input variables in the second stage. The output membership function of lean readiness
is shown in Figure 10.

il CSFs

(mamdani)

CSFs

Barriers

(mamdani)

- Barriers
/

Figure 4: The input and output factors of the barriers

he
e
-
~
-,
~ad

LeanReadiness
Rk I
o (mamdani)
-
-
—"
XX LeanReadiness
Barriers

Figure 5: The input and output variables of lean readiness
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Figure 10: The membership function of lean readiness
6  DATA COLLECTION

The case study industry is a leading automotive parts manufacturer in Tamil Nadu. It supplies auto
parts, such as steering knuckles, brake drums, hubs, calipers, adjusters, differential casings, and
axle housings to prominent automobile industries around the world. It is an I1SO-certified industry
that is planning for lean implementation. Since this industry sought to know its lean readiness, its
decision-makers, who were also experts in lean, participated actively in the brainstorming session
and helped us to prepare the questionnaire. They also gave valuable input to the survey. The input
data given by the ten decision-makers from the case study industry was in the form of a Likert scale
in the range of 0-10, using the questionnaire given in the appendix. Since the CSFs and the barriers
are opposing forces, two different Likert scales were developed. The CSFs were rated using an
increasing scale — i.e., larger is better. The barriers were rated using a decreasing scale — i.e.,
smaller is better. The opinion of the decision-makers about the sub-factors of lean readiness is
tabulated in Table 6. The mean value of the data was used as input in the first stage of the fuzzy
inference system of MATLAB. The mean response was determined by taking the average value of the
10 respondents on each of the sub-factors of the critical success factors and the barriers. Among the
mean values, the minimum value of the empowered workforce is 5.6, and employee inconsistency
is 6.5. This implies that the traits of the employees could be improved, along with other sub-factors,
in order to make the implementation of lean much easier. The outputs from the first stage of the
fuzzy inference system (FIS) were taken and entered as the inputs to the second stage of the FIS.
Thus the fuzzy inference system of MATLAB produces the results of lean readiness in the form of a
crisp value. The graphs in Figures 11 and 12 illustrate the mean response of the CSFs and the barriers.

Table 6: The responses of decision-makers on the factors affecting lean readiness
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Factors Sub-factors DM1(DM2(DM3|DM4|DM5|DM6|DM7|DM8|DM9|DM10|Mean response|
Management commitment
819 |8|8|9|8|7|8|7]|8 8
Empowered workforce
5/6|7]|4|8|6|5|4|6]|5 5.6
CSFs
Resource management 8 6 7 6 8 9 7 6 8 9 7.4
Technologicalsupport | g [ 7| 6| 7|88 |6]9|9] 8 7.6
Manufacturing strategy
8(7|1819]|19|8|8|7/|8]| 8 8
Organisational issues 10|10/ 8|8 110! 8| 7| 6 |10] 10 8.7
Employee inconsistency
5(7|6|8|6|8|5|7]|6|7 6.5
Barriers| Resource constraints 8715/ 8/8|718l8ls8]| 7 7.4
Investment restrictions
87 |8|8|7|6|9|8|8|29 7.8
Demand fluctuation g8l8|7l6|/8|8|7/8|8] 8 7.6

Critical Success Factors

Barriers

Mean Response of CSFs

Manufacturing Strategy
echnological Support
Resource Management

Empowered Work force

Management Commitment

1 2

3

4 5 6 7 8 9 10

Values

Figure 11: Mean response of the CSFs

Mean Response of Barriers

Demand Fluctuations

Investment restrictions

Resource Constraints [N

Employee Inconsistencies

Organizational issues

—
|
1 2 3 4 5 6 7 8 9 10
Values

Figure 12: Mean response of the barriers

7  RESULTS AND DISCUSSION

In this work, the lean readiness of a case study industry was evaluated using the hierarchical fuzzy
system. The total number of rules was 502. The rules were framed using the average method. The
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data was taken from the opinions of the ten decision-makers in the brainstorming session. The
obtained data was given as input to the first stage of the fuzzy inference system to find the values
of the critical success factors and the barriers. The output of these two factors was given as input
to the second stage of lean readiness to find the value of the lean readiness. As mentioned in Figures
13 and 14, the rule viewer and the surface viewer of the fuzzy inference system of MATLAB can be
used to show the results for lean readiness. Just by varying the red line of the CSFs and the barriers
in the rule viewer, the different values of lean readiness can be determined. In the surface viewer,
the output variable increases with an increase in the input variables. The value of the CSFs is 6,
which means that it lies between average and good. The value of the barriers is 7.15, which shows
the medium range of the barriers to lean readiness. The results showed that the case study industry
is most likely ready to implement lean in its premises. The hierarchical fuzzy system was applied in
this work to overcome the rule explosion and the complexity of using a single fuzzy system;
otherwise, the number of rules could go up to 59049.
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Figure 14: Surface viewer for lean readiness
8  CONCLUSION

Implementing lean in an industry is a significant challenge for managers. It is not so easy to bring
people with differing opinions to a common mind. But by doing so, a win-win situation prevails. This
paper is an attempt to make such a scenario in a case study industry by taking note of the opinions
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in areas of conflicting interest. Force field analysis was used to express the opposing nature of the
critical success factors and the barriers in deciding the readiness of lean. A framework model was
developed to show the sub-factors, and the factors of the CSFs and the barriers, in moving towards
the objective of lean readiness. By using fuzzy logic in MATLAB, it was found that the case study
industry was more likely ready to introduce lean manufacturing in its premises.

Lean readiness is an important step towards lean implementation. It helps managers to know the
factors affecting lean implementation at an early stage. So it is a way to reduce the unnecessary
cost of the implementation of lean tools. It also gives the necessary inputs in identifying the factors
affecting lean readiness. This work can act as a ‘go’ or ‘don’t go’ gauge in the lean implementation
process. The limitation of this work is that it examines a single industry. However, this could also
be conducted in any industry by identifying its critical success factors and barriers to lean readiness,
using brainstorming and questionnaires. In the future, lean readiness can be evaluated in different
industries and compared to discover a firm’s willingness to adopt lean manufacturing.
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APPENDIX

Questionnaire 1

Rating scale (Larger is better)

Critical success
factors

Poor

Average
2 3 4 5 6 7

Management
commitment

Empowered
Work force

Resource
management

Technological
support

Manufacturing
strategy

Questionnaire 2

Rating scale (Smaller is better)

Barriers

High

0

1

Medium
2 3 4 5 6 7

Low
10

Organisational
issues

Employee
inconsistency

Resource
constraints

Investment
restrictions

Demand
fluctuation
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