This article was downloaded by: [TUBITAK EKUAL]

On: 15 March 2011

Access details: Access Details: [subscription number 772815469]

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Production Research

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713696255

Leanness assessment using multi-grade fuzzy approach

S. Vinodh?; Suresh Kumar Chintha?

* Department of Production Engineering, National Institute of Technology, Tiruchirappalli-620 015,
Tamil Nadu, India

First published on: 26 January 2010

To cite this Article Vinodh, S. and Chintha, Suresh Kumar(2011) 'Leanness assessment using multi-grade fuzzy approach’,
International Journal of Production Research, 49: 2, 431 — 445, First published on: 26 January 2010 (iFirst)

To link to this Article: DOI: 10.1080/00207540903471494
URL: http://dx.doi.org/10.1080/00207540903471494

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713696255
http://dx.doi.org/10.1080/00207540903471494
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12: 42 15 March 2011

[ TUBTAK EKUAL] At:

Downl oaded By:

International Journal of Production Research Taylor &Francis
Vol. 49, No. 2, 15 January 2011, 431-445 Taylor & Francis Group

Leanness assessment using multi-grade fuzzy approach
S. Vinodh™ and Suresh Kumar Chintha

Department of Production Engineering, National Institute of Technology,
Tiruchirappalli-620 015, Tamil Nadu, India

(Received 27 September 2009, final version received 5 November 2009)

The manufacturing organisations have been witnessing a transition from mass
manufacturing to lean manufacturing. Lean operations are characterised by
the elimination of obvious wastes occurring in the manufacturing process, thereby
facilitating cost reduction. This paper reports a research carried out to assess the
leanness of an organisation using multi-grade fuzzy approach. During this
research, a leanness measurement model incorporated with multi-grade fuzzy
approach was designed. This is followed by the substitution of the data gathered
from a manufacturing organisation. After the computation of leanness index,
the areas for leanness improvement have been identified. The approach
contributed in this project could be used as a test kit for periodically evaluating
an organisation’s leanness.

Keywords: lean manufacturing; leanness assessment; fuzzy methods;
leanness index

1. Introduction

The contemporary manufacturing organisations have been witnessing a transformation
in the manufacturing paradigm (Chen ez al. 2006). The manufacturing era started with
craft manufacturing. Then emerged the mass manufacturing era where manufacturing
systems repetitively produced same components in large quantities. This is followed by
the emergence of lean manufacturing where the focus is on waste elimination thereby
achieving cost reduction (Muda and Hendry 2002, Lummus ez al. 2006). Lean operations
are characterised by the elimination of wastes occurring in the manufacturing process,
thereby facilitating cost reduction (Serrano et al. 2008). There are seven types of wastes
prone to occur in any manufacturing process. The seven wastes include overproduction,
waiting, transport, inappropriate processing, unnecessary inventory, unnecessary motion
and defects (Hines and Rich 1997, Modarress et al. 2005). More recently the
underutilisation of employees is considered as the eighth waste. Lean manufacturing
has been defined as an integrated manufacturing system intended to maximise capacity,
reutilisation and minimise buffer inventories through the minimisation of system
variability. Some of the enabling techniques of lean manufacturing include total quality
management (TQM), total productive maintenance (TPM), Kaizen, Kanban, single
minute exchange of dies (SMED) and value stream mapping (VSM) (Doolen and
Hacker 2005, Abdulmalek and Rajgopal 2007, Lian and Van Landeghem 2007).
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The performance measure of lean practices is leanness. Leanness is a measure that is
focused on re-utilising lesser input to better achieve the goals of organisation so as to
achieve better output (Bayou and De-korvin 2008). Input refers to the physical quantity
of resources used and their costs. Output refers to the quality and quantity of products
sold and the corresponding customer services. The measurement of leanness gains
importance as it is an indicator of lean performance of the organisation. Few researchers
have contributed the approaches for measuring leanness. A conceptual model for leanness
measurement has been developed from the literature review. The ratings of the experts
have been gathered for performing the leanness measurement. Multi-grade fuzzy approach
has been used for computation of leanness (Yang and Li 2002). After the computation
of leanness, improvement areas have been identified. The results of validation indicated
that the multi-grade fuzzy approach for measuring leanness is practically feasible.

2. Literature review

The literature has been reviewed from the perspective of lean manufacturing and its
assessment and fuzzy logic.

2.1 Literature review on lean manufacturing and assessment

Lean principles have been originated from Toyota’s production system known as just
in time (JIT) production (Tang et al. 2005, Pil and Fujimoto 2007). The term lean has
become widespread after the publication of a book titled The machine that changed the
world. Then the term lean production was widely used. Mason-Jones et al. (2000) have
matched various strategies of supply chain with product type. They have introduced
a ‘leagile’ approach which determines the decoupling point between lean and agile
paradigms in a supply chain. Sullivan et al. (2002) have presented the performance of
equipment replacement decision problems within the context of lean manufacturing.
They utilised VSM as a road map for providing necessary information for the analysis
of equipment replacement decision problem in lean manufacturing implementation.
Muda and Hendry (2002) have proposed a world class manufacturing concept incorpo-
rated with lean principles for the make-to-order sector. Pavnaskar er al. (2003) have
presented a classification scheme for lean manufacturing tools. They have suggested that
their classifications scheme enables companies to become lean and serve as a foundation
for research into lean concepts. Many researchers have contributed to the definition
of lean manufacturing. Shah and Ward (2003) have provided a comprehensive definition
of lean production which is an integrated socio-technical system whose objective is to
eliminate waste by reducing and minimising the supplier, customer and internal variability.
The tools and techniques of lean manufacturing include TQM, TPM, Kanban, Kaizen,
SMED, Poka-Yoke, and visual control, etc. Houshmand and Jamshidnezhad (2006) have
presented an extended model of design process of lean production system by means
of process variables. They have used axiomatic design theory for developing hierarchical
structure to model a design process of lean production system composed of functional
requirements, design parameters and process variables. Braglia et al. (2006) have presented
a new approach for a complex production system based on seven iterative steps associated
with typical industrial engineering tools including VSM. Shah and Ward (2007) have
defined the measures of lean production. They have mapped the various conceptual
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measures of lean manufacturing. Some of the measures of lean production include; setup
time reduction, simplicity in product design, adherence to daily schedule, customer focus,
work force management, etc. Detty and Yingling (2000) have attempted to quantify the
benefits of implementing lean manufacturing at an assembly operation using simulation
based approach. Lander and Liker (2007) have presented a case example of a low volume,
highly customised artistic clay tile company which has utilised a Toyota Production
System (TPS) approach for creating highly customised products. Black (2007) has
presented design rules for implementing the principles of TPS.

Rivera and Chen (2007) have measured the impact of lean tools on the cost-time
investment of a product using a cost-time profile. They have proposed a cost-time profile
as a useful tool for the evaluation of improvements achieved by the implementation of lean
tools and techniques. Narasimhan ez al. (2006) have presented the empirical investigation
of disentangling leanness and agility. Some of the performance dimensions of leanness
include: conformance quality, delivery reliability, low buffering cost, efficiency, product
mix flexibility, etc. Bayou and De-korvin (2008) have shown that manufacturing leanness
has seven characteristics, such as relative, dynamic, long term, fuzzy logical, objective,
integrating and comprehensive. They have used fuzzy logic approach for measuring
leanness. They have compared the production leanness of the Ford Motor Company
and General Motors, selecting Honda Motor Company as a benchmarking firm.
They have proved that the Ford Motor system is 17% leaner than the General Motors
system through the benchmarked system.

2.2 Literature review on fuzzy logic

The fuzzy logic approach is based on human logic and takes advantage of conceptual
knowledge without boundaries. Some of the concepts of fuzzy logic include fuzzy set,
linguistic variables, probability distribution and fuzzy if then rules. Most of the researches
in qualitative environment suffer from vagueness, in which case data may not be expressed
as exact numbers (Yang and Li 2002). Linguistic assessment is recommended instead of
numerical values (Beach e al. 2000). The proper selection of linguistic variables is more
important. The expression of the experts needs to be determined using fuzzy numbers
and membership functions. In order to overcome the ambiguity associated with this
assessment, triangular and trapezoidal membership functions are recommended (Delgado
et al. 1993). The membership functions are used for transforming the linguistic variables
into fuzzy numbers (Singh et al. 2006). Some of the applications include supplier selection,
decision making in complex situations, etc.

Based on the literature review, it has been found that few researchers have contributed
certain approaches for leanness assessment. Many of the approaches have not been
validated in the industrial scenario. The models used in those projects have not been fully
supported with literature. In this context, the objective of this paper is to report a project
in which the conceptual model has been derived from literature and the model has to be
practically validated in the industry scenario.

3. Research methodology
The methodology followed during this research project is shown in Figure 1.
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Literature review on lean manufacturing assessment and fuzzy logic

Development of a conceptual model for leanness measurement

A 4

Identification of suitable organisation for conducting case study

Application of multi-grade fuzzy logic approach for leanness measurement

A 4

Computation of leanness index

A

Derivation of practical inferences

A 4

Identification of improvement areas

Figure 1. Research methodology.

The project begins with the literature review on lean manufacturing assessment
and fuzzy logic. Then a conceptual model for leanness measurement has been developed.
This is followed by the identification of a suitable manufacturing organisation for the
conduct of case study. Then a multi-grade fuzzy approach for leanness measurement was
applied, the leanness index was computed and the practical inferences were derived.
The results were then validated. This was followed by the identification of areas for
leanness improvement.

4. Development of conceptual model

The leanness measurement system has been designed by referring to the literature.
The measurement system is shown in Table 1.

The system consists of three levels. The first level consists of five leanness enablers;
the second level consists of 20 lean criteria; and the third level consists of several lean
attributes. The leanness measurement system is comprehensive as it reviews leanness from
various perspectives. As a sample, the management responsibility enabler has been
explained. The two major perspectives of management responsibility are organisational
structure and nature of management which forms the criteria. The organisational structure
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criteria consist of attributes such as smooth information flow, team management for
decision making and inter-changeability of personnel. The nature of management criteria
consists of clearly known management objectives, management involvement, and trans-
parent information sharing.

5. Case study
5.1 About case company

The case study has been carried out in an Indian electronics manufacturer located in
Coimbatore, India (hereafter referred to as ABC). ABC manufactures cam-operated
rotary switches, relays, starters and modular switches. ABC has implemented ISO
9001:2000 Quality Management System, ISO 14001 Environmental Management System,
and is an organisation aspiring to attain world class status.

5.2 Assessment of leanness using fuzzy logic

The leanness index of an organisation is represented by /. It is the product of overall

assessment factor R and overall weight 7. The equation for leanness index is given by
I=WxR.

The assessment has been divided into five grades since every leanness factor involves
fuzzy determination. 7=1{10,8,6,4,2} (810 represents ‘extremely lean’, 6—8 represents
‘lean’, 4-6 represents ‘generally lean’, 2—4 represents ‘not lean” and less than 2 represents
‘extremely not lean’). Five experts participated in a discussion session for leanness
assessment. Table 2 shows the single factor assessment and weights provided by experts.

5.2.1 Primary assessment calculation
The calculation pertaining to ‘organisational structure’ criterion is shown as follows:

Weights pertaining to ‘organisational structure’ criterion W;;=(0.3,0.4,0.3)
Assessment vector pertaining to ‘organisational structure’ criterion is given by

8§ 7 8 7
Rp=19 8 8 9
7 8 6 7

Index pertaining to ‘organisational structure’ criterion is given by

Ly = Wi x Ry
I, =(8.1,7.7,7.4,7.8).
Using the same principle, the index pertaining to various lean criteria have been derived
I, =(7.4,7,6.9,7.6)
I =(7,8,8.5,7.5)
In =(6.5,6.5,6.5,7.5)
I3 =(5.9,6.1,5.8,6.2)
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Table 2. Single factor assessment and weights provided by experts.

I; I Tk E, E, E; E, W W, w
1, 1 I 8 7 8 7 0.3 0.5 0.3
1112 9 8 8 9 0.4
I3 7 8 6 7 0.3
1> 15 8 7 8 8 0.3 0.5
I122 8 7 6 7 0.4
1123 6 7 7 8 0.3
e 1 L 7 8 8 7 0.5 0.15 0.3
> 7 8 9 8 0.5
I I 6 7 7 8 0.5 0.3
I 7 6 6 7 0.5
1 bs 6 7 7 6 0.3 0.1
b 7 6 6 7 0.2
b3 5 6 5 6 0.3
D3y 6 5 5 6 0.2
o Ly 7 8 8 7 0.3 0.1
D4 8 6 7 6 0.3
by 7 6 7 6 0.4
s s, 5 5 6 5 0.6 0.2
b5 4 5 5 4 0.4
IE%3 Iy 6 5 4 5 0.4 0.15
L 5 6 6 5 0.3
D3 6 7 6 7 0.3
Iz I3 I3, 5 6 6 5 0.4 0.5 0.15
I312 6 5 5 6 0.3
1313 5 6 6 5 0.3
I I3 8 9 9 8 0.5 0.5
L322 7 8 8 7 0.5
1 1y Iy 6 7 7 6 0.4 0.2 0.1
141> 8 7 7 8 0.2
1413 8 7 7 9 0.2
1414 7 6 6 5 0.2
14 145 7 6 5 6 0.4 0.1
14 8 7 6 5 0.6
143 143, 7 8 8 7 0.3 0.2
143> 8 7 6 5 0.2
1433 5 4 4 5 0.3
I434 6 7 7 6 0.2
ym L4a; 6 7 7 6 0.3 0.1
14> 8 7 7 9 0.4
L343 5 6 8 7 0.3
145 145 5 6 6 5 0.2 0.2
I45> 7 6 6 7 0.5
1453 8 7 6 7 0.3
Le L461 8 8 7 6 0.2 0.2
Liso 6 5 5 6 0.2
1463 5 7 7 6 0.2
Li64 6 7 7 8 0.2
L465 8 7 7 6 0.2

(continued)
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I; I Ty E; E, E; E4 Wy W; w
15 Is; Isi, 7 6 6 7 0.3 0.3 0.15
Is1o 8 7 7 6 0.4
Is13 8 8 9 8 0.3
Is; 55, 6 7 7 6 0.3 0.3
Isy 6 5 5 6 0.3
I5>3 6 6 6 5 0.2
Iso,4 7 6 6 5 0.2
Is3 Is3; 5 4 4 5 0.4 0.2
Is3> 5 6 6 4 0.6
Isq Is4, 6 5 5 6 0.5 0.2
Is4r 5 4 4 6 0.5

Ly =(7.3,6.6,7.3,6.3)
bs = (4.6,5.0,5.6,4.6)
I = (5.7,5.9,5.2,5.6)
Iy =(5.3,5.7,5.7,5.3)
Iy = (7.5,8.5,8.5,7.5)
I = (7.2,6.8,6.8,6.8)
I = (7.6,6.6,5.6,5.4)
Ly = (6.4,6.4,6.2,5.8)
Ly = (6.5,6.7,7.3,7.5)
Lis = (6.9,6.3,6,6.6)
Lis = (6.6,6.8,6.6,6.4)
Isy = (7.7,7,7.3,6.9)
Is» = (6.2,6,6,5.6)

Iss = (5,6,5.2,4.4)

Iy = (5.5,4.5,4.5,6)

5.2.2 Secondary assessment calculation

439

The calculation pertaining to ‘management responsibility leanness’ enabler is given by:

11:W1XR1

Weight pertaining to ‘management responsibility leanness’ enabler is given by:

W, = (0.5,0.5).

Assessment vector pertaining to ‘management responsibility leanness’ enabler is given by:

Ry

81 7.7 74 78
|74 7 69 76

|



12: 42 15 March 2011

Downl oaded By: [ TUBTAK EKUAL] At:

440 S. Vinodh and S.K. Chintha

Index pertaining to ‘management responsibility leanness’ enabler is given by:

[1 = W] X R]
I =(7.75,7.35,7.15,7.7).

Using the same principle, the following indices have been derived for remaining lean
enablers.

I, = (6.095,6.305, 6.435, 6.385)

L =(64,7.1,7.1,6.4)

Iy = (6.83,6.59,6.41,6.41)

Is = (6.27,6,5.93,5.83).

5.2.3 Tertiary assessment calculation
The value of leanness index of ABC has been computed as follows:
Opverall weight W= (0.3, 0.3, 0.15, 0.1, 0.15).
775 735 725 1.7
6.095 6.305 6.435 6.385
Overall assessment vector R=| 6.4 7.1 7.1 6.4

6.83 659 641 641
6.27 6 593 583

Leanness index /=W x R

I =(12.2165,6.7205,6.671,6.701)

1
1= (122165 + 6.7205 + 6.671 + 6.701)
[ =18.07725 e (8, 10).

6. Results and discussions

Based on the assessment of leanness, leanness index computed using multi-grade fuzzy
approach for ABC is found to be 8.07. This indicates that ABC is a lean manufacturing
organisation. The results very much coincided with practical environment as ABC has
implemented strategies such as ISO 9001 QMS, ISO 14001 EMS and 5S; ABC is the
process of Kaisen. To make ABC a world class organisation, scope still exists for
improving the leanness of the organisation. Some of the areas identified for leanness
improvement.

Optimisation of processing sequence and flow in shop floor.

JIT delivery to customers.

Quantification of seven deadly wastes.

Adoption of value stream mapping (VSM).

Focused factory production system.

Organisation of manufacturing operations around similar product families.



12: 42 15 March 2011

[ TUBTAK EKUAL] At:

Downl oaded By:

International Journal of Production Research 441

Flexible workforce to accept the adoption of new technologies.

Multi-skilled personnel.

Usage of product data management (PDM) systems.

Management’s interest towards investment on FMS concepts.

Usage of ERP systems.

Reduction of non value-adding costs.

Kaisen method of product pricing.

Costing system focusing on the identification of value adding and non-value
adding activities.

e IT based communication system.

After the conduct of the case study, the following changes have taken place in the
organisation.

e The process sequence used for manufacturing electronic switches has been

analysed for optimisation.

Delivery to the customers has been incorporated with JIT principles.

Efforts have been taken to quantify seven deadly wastes.

The VSM has been adopted for streamlining the processes.

Principles of group technology have been used for organisation of product

families.

Workforce has been trained to become flexible and multi-skilled.

The installation of PDM systems is in progress.

e The material requirements planning process has been infused with ERP
principles.

e Non value adding activities have been identified.

e Product pricing method has been modified using the Kaisen method.

e Manual communication has been transferred to IT driven systems.

6.1 Practical validation of leanness assessment

In order to practically explore the feasibility of multi-grade fuzzy approach for leanness
measurement, a questionnaire has been designed for performing validation. The format of
the questionnaire is shown in Figure 2.

The experts who participated in the validation section consisted of the department
heads of design, manufacturing, quality control, machine shop and research and
development. They possess rich expertise regarding the working culture of ABC.

The responses of the experts are presented in Table 3.

The analysis of responses of the experts indicated that the assessment of leanness using
multi-grade fuzzy logic approach is practically feasible and adoptable.

6.2 Statistical validation

In order to further statistically analyse the feedback of the competent personnel, one
sample -test has been conducted to examine the acceptance of ‘assessment of leanness
using multi-grade fuzzy approach’. In the first case, the test value was given as 10 which
mean that ‘100% of the opinions are in favour of successful assessment of leanness using
multi-grade fuzzy approach in practice at 95% confidence interval’. The null hypothesis
has not been satisfied in this case.
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approach is practically feasible in your organisation?

0 1 2 3 4 5 6 7

1. To what extent do you believe that the leanness measurement using multi-grade fuzzy logic

Not at all Partially

is understandable by the employees of the organisation?

2. To what extent do you believe that leanness measurement using multi-grade fuzzy logic approach

Completely

0 1 2 3 4 5 6 7 10
Not at all Partially Completely
3. To what extent do you believe that the leanness measurement using multi-grade fuzzy logic
approach represents reality?
0 1 2 3 4 5 [ 7 10
Not at all Partially Completely

Figure 2. Format of the questionnaire used for validation.

Table 3. Consolidated responses of the experts.

Expert response

Question E, E, E;

E,

Es

Average rating
in Likert’s scale
of range 0-10

To what extent do you believe that the leanness 8 9 8
measurement using multi-grade fuzzy logic
approach is practically feasible in your
organisation?

To what extent do you believe that leanness 7 8 9
measurement using multi-grade fuzzy logic
approach is understandable by the employ-
ees of the organisation?

To what extent do you believe that the leanness 8 9 7
measurement using multi-grade fuzzy logic
approach represents reality?

9

8.4

8.2

8.2

In the second case, the null hypothesis was set as ‘90% of the opinions are in favour of
successful assessment of leanness using multi-grade fuzzy approach in practice at 95%
confidence interval’. In this case, null hypothesis has been accepted. On the whole, this
validation study indicated the feasibility assessment of leanness using multi-grade fuzzy

approach in practice with the success rate of 90%.

6.3 Managerial implications
The managerial implications have been shown in Figure 3.

First, the exposure programme has to be shown to top management regarding leanness
assessment. Then the management’s approval has to be obtained to apply leanness
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Conduct exposure programme to the top
management about leanness assessment

-

Obtain management’s approval for to apply leanness

assessment in the organisation

Management’s approval is obtained to apply leanness
assessment in the organisation

Management’s approval
is not obtained to apply
leanness assessment in
¢ the organisation

Conduct exposure programme on leanness assessment in
the organisation to the team members ¢

v

Supply the data sheet to collect relevant data

!

Determine the leanness index using multi-grade approach

!

Identification of improvement areas of leanness

Stop proceeding further

Figure 3. Managerial implications.

assessment in the organisation. If the management’s approval is not obtained, the pro-
cedure has to be stopped. Then the exposure programme needs to be conducted to the
team members. The data sheet has to be supplied to the team members to collect their
ratings and weights. Then the leanness index needs to be computed using multi-grade fuzzy
approach. This is followed by the identification of improvement areas of leanness.

7. Conclusions

Product complexity and market dynamism are the two decision variables responsible
for the transformation of manufacturing paradigm. The manufacturing paradigm has been
witnessing a shift from craft manufacturing to lean manufacturing. Lean manufacturing
is characterised by low buffering cost, minimum processing time and high delivery speed
(Barber and Tietje 2008). The assessment of manufacturing leanness gains vital
importance. In this context, this paper reports a case study in which the leanness of a
manufacturing organisation has been assessed using the developed conceptual model.
The assessment results indicated that the organisation is lean. In order to still improve
the leanness of the organisation, improvement areas have been identified. On improvement
of the identified weak areas, the leanness of organisation could be improved which enables
the organisation to attain world class status.

7.1 Limitations and future research direction

The case study has been carried out in a single manufacturing organisation using a
multi-grade fuzzy approach for assessing leanness. In future, more case studies could be
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carried out for different manufacturing organisations across varied sectors thus improving
the practical validity of the model.

References

Abdulmalek, F.A. and Rajgopal, J., 2007. Analyzing the benefits of lean manufacturing and value
stream mapping via simulation: a process sector case study. International Journal of Production
Economics, 107, 223-236.

Barber, C.S. and Tietje, B.C., 2008. A research agenda for value stream mapping the sales process.
Journal of Personal Selling & Sales Management, 28 (2), 155-165.

Bayou, M.E. and De Korvin, A., 2008. Measuring the leanness of manufacturing systems — A case
study of Ford Motor Company and General Motors. Journal of Engineering and Technology
Management, 25, 287-304.

Beach, R., et al., 2000. A review of manufacturing flexibility. European Journal of Operational
Research, 122, 41-57.

Black, J.T., 2007. Design rules for implementing the Toyota Production System. International
Journal of Production Research, 45 (16), 3639-3664.

Braglia, M., Carmignani, G., and Zammori, F., 2006. A new value stream mapping approach for
complex production systems. [International Journal of Production Research, 44 (18/19),
3929-3952.

Chen, J.C.H., Parker, L.J., and Lin, B., 2006. Technopreneurship in Native American businesses:
current issues and future trends with a case study. International Journal of Management and
Enterprise Development, 3 (1/2), 70-84.

Delgado, M., Verdegay, J.L., and Vila, V., 1993. Linguistic decision making models. International
Journal of Intelligent Systems, 7, 479-492.

Detty, R.B. and Yingling, J.C., 2000. Quantifying benefits of conversion to lean manufacturing with
discrete event simulation: a case study. International Journal of Production Research, 38 (2),
429-445.

Doolen, T.L. and Hacker, M.E., 2005. A review of lean assessment in organisations: an exploratory
study of lean practices by electronics manufacturers. Journal of Manufacturing Systems, 24,
55-67.

Hines, P. and Rich, N., 1997. The seven value stream mapping tools. International Journal of
Operations and Production Management, 17 (1), 46—64.

Houshmand, M. and Jamshidnezhad, B., 2006. An extended model of design process of lean
production systems by means of process variables. Robotics and Computer-Integrated
Manufacturing, 22, 1-16.

Lander, E. and Liker, J.K., 2007. The Toyota Production System and art: Making highly customised
and creative products the Toyota way. International Journal of Production Research, 45 (16),
3681-3698.

Lian, Y.-H. and Van Landeghem, H., 2007. Analysing the effects of Lean manufacturing using
a value stream mapping-based simulation generator. International Journal of Production
Research, 45 (13), 3037-3058.

Lummus, R.R., Vokurka, R.J., and Rodeghiero, B., 2006. Improving quality through value stream
mapping: a case study of a physician’s clinic. Total Quality Management, 17 (8), 1063—1075.

Mason-Jones, R., Naylor, B.E., and Towill, D.R., 2000. Lean, agile or leagile? Matching your supply
chain to the marketplace. International Journal of Production Research, 38 (17), 4061-4070.

Modarress, B., Ansari, A., and Lockwood, D.L., 2005. Kaisen costing for lean manufacturing: a case
study. International Journal of Production Research, 43 (1), 1751-1760.

Muda, S. and Hendry, L., 2002. Proposing a world-class manufacturing concept for the
make-to-order sector. International Journal of Production Research, 40 (2), 353-373.



12: 42 15 March 2011

[ TUBTAK EKUAL] At:

Downl oaded By:

International Journal of Production Research 445

Narasimhan, R., Swink, M., and Kim, S.W., 2006. Disentangling leanness and agility: an empirical
investigation. Journal of Operations Management, 24, 440-457.

Pavnaskar, S.J., Gershenson, J.K., and Jambekar, A.B., 2003. Classification scheme for lean
manufacturing tools. International Journal of Production Research, 41 (13), 3075-3090.

Pil, F.K. and Fujimoto, T., 2007. Lean and reflective production: the dynamic nature of production
models. International Journal of Production Research, 45 (16), 3741-3761.

Rivera, L. and Chen, F.F., 2007. Measuring the impact of lean tools on the cost-time investment
of a product using cost-time profiles. Robotics and Computer-Integrated Manufacturing, 23,
684-689.

Serrano, I., Ochoa, C., and De Castro, R., 2008. Evaluation of value stream mapping in
manufacturing system redesign. International Journal of Production Research, 46 (16),
4409-4430.

Shah, R. and Ward, T., 2003. Lean manufacturing: context, practice bundles, and performance.
Journal of Operations Management, 21, 129-149.

Shah, R. and Ward, T., 2007. Defining and developing measures of lean production. Journal of
Operations Management, 25, 785-805.

Singh, R.K., et al., 2006. Lean tool selection in a die casting unit: a fuzzy-based decision support
heuristic. International Journal of Production Research, 44 (7), 1399-1429.

Sullivan, G., McDonald, N., and Van Aken, M., 2002. Equipment replacement decisions and lean
manufacturing. Robotics and Computer Integrated Manufacturing, 18, 255-265.

Tang, Z., Chen, R., and Ji, X., 2005. An innovation process model for identifying manufacturing
paradigms. International Journal of Production Research, 43 (13), 2725-2742.

Yang, S.L. and Li, T.F., 2002. Agility evaluation of mass customisation product manufacturing.
Journal of Materials Processing Technology, 129, 640-644.



