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Abstract

Purpose – The advent of recession at the beginning of twenty-first century forced many organizations
worldwide to reduce cost and to be more responsive to customer demands. Lean Manufacturing (LM) has
been widely perceived by industry as an answer to these requirements because LM reduces waste
without additional requirements of resources. This led to a spurt in LM research across the globe mostly
through empirical and exploratory studies which resulted in a plethora of LM definitions with divergent
scopes, objectives, performance indicators, tools/techniques/methodologies, and concepts/elements.
The purpose of this paper is to review LM literature and report these divergent definitions, scopes,
objectives, and tools/techniques/methodologies.
Design/methodology/approach – This paper highlights various definitions by various researchers
and practitioners. A total of 209 research papers have been reviewed for the research contribution,
research methodology adopted, tools/techniques/methodologies used, type of industry, author profile,
country of research, and year of publication.
Findings – There are plethora of LM definitions with divergent objectives and scope. Theory
verification through empirical and exploratory studies has been the focus of research in LM. Automotive
industry has been the focus of LM research but LM has also been adopted by other types of industries
also. One of the critical implementation factors of LM is simultaneous adoption of leanness in supply
chain. LM has become an integrated system composed of highly integrated elements and a wide variety
of management practices. There is lack of standard LM implementation process/framework.
Originality/value – The paper reviews 209 research papers for their research contribution, research
methodology, author profile, type of industry, and tools/techniques/methodology used. Various
characteristics of LM definitions are also reviewed.

Keywords Lean manufacturing, Lean production, Lean literature review
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1. Introduction
Twenty-first century manufacturing is characterized by customized products. This has
led to the complex production planning and control systems making mass production
of goods challenging. Many organizations, particularly automotive organizations,
struggled in the new customer driven and globally competitive markets. These factors
present a big challenge to organizations to look for new tools and methods to continue
moving up the ladder in the changed market scenario. While some organizations
continued to grow on the basis of economic constancy, others struggled because of
their lack of understanding of the changed customer mind-sets and cost practices.
To overcome this situation and to become more profitable, many manufacturers turned
to “lean manufacturing” (LM). The goal of LM is to be highly responsive to customer
demand by reducing waste. LM aims at producing products and services at the lowest
cost and as fast as required by the customer.

The lean concept originated in Japan after the second world war when Japanese
manufacturers realized that they could not afford the massive investment required
to rebuild devastated facilities. Toyota produced automobiles with lesser inventory,
human effort, investment, and defects and introduced a greater and ever growing
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variety of products. LM gives the manufacturers a competitive edge by reducing cost
and improving productivity and quality. Various authors have documented quantitative
benefits of lean implementation such as improvement in production lead time, processing
time, cycle time, set up time, inventory, defects and scrap, and overall equipment
effectiveness. The various qualitative benefits include improved employee morale, effective
communication, job satisfaction, standardized housekeeping, team decision making, etc.

The generic term “LM” came into existence from the International Motor Vehicle
Programme researchers of the Massachusetts Institute of Technology. The project was
focussed to bridge the significant performance gap between Western and Japanese
automotive industries. Womack et al. (1990) through their book The Machine that Changed
the World popularized lean concept in manufacturing. In early 1990s LM concept
was viewed as a counter-intuitive alternative to traditional Fordism manufacturing
model (Womack et al., 1990). The modern concept of LM/management can be traced to
the Toyota Production System (TPS), pioneered by Japanese engineers Taiichi Ohno and
Shigeo Shingo. Sugimori et al. (1977) portray TPS made of two components – Just-In-Time
(JIT) production system and a respect-for-human system – with focus on active employee
participation and elimination of wasted movements by workers. Monden (1983)
introduced the JITconcepts to a broad audience in the USA emphasizing the importance of
small lot sizes, mixed model production, multifunction workers, preventive maintenance,
and JIT delivery by suppliers. TPS itself has undergone tremendous improvement during
its journey over the last 40 years (Spear, 2004). The economic success of Japanese
companies in the 1980s can also be attributed to the customized integrated application of
TQM (Basu, 2001). Toyota was one of the leading Japanese companies which started
statistical quality control in 1949 (Dahlgaard and Park, 2006). In a nutshell, it can be said
that lean practices were implemented based on several ideologies that appeared prior to it
such as JIT (Monden, 1983), Zero Inventories (Hall, 1983), Japanese Manufacturing
Techniques (Schonberger, 1982), and TPS (Ohno, 1979; Monden, 1983).

LM over the time has seen a lot of transformations which have been discussed
by contributors such as Womack et al. (1990), Womack and Jones (1996), Oliver et al.
(1996), Delbridge (1998), Shah and Ward (2003), Delbridge et al. (2000), Bicheno (2004),
Hines et al. (2004), Holweg (2007), Bhasin (2008), etc. Institutes like Cardiff Business
School, SLOAN Management Institute at MIT, Cambridge-MIT Institute’s Centre for
Competitiveness and Innovation are pioneers in championing the LM knowledge.
Many books have also been published by different authors such as Oliver et al. (1994),
Womack and Jones (1996), Delbridge (1998, 2003), Pascal (2002), Liker (2004),
Mann (2005), etc. to enrich the knowledge of lean after the seminal work done by
Womack et al. (1990) in the book; The Machine That Changed the World. LM is
generally described from two points of view, either from a philosophical perspective
related to guiding principles and overarching goals (Womack and Jones, 1996; Spear
and Bowen, 1999), or from the practical perspective of a set of management practices,
tools, or techniques that can be observed directly (Shah and Ward, 2003).

The paper is structured as: Section 2 presents the reported definitions of LM.
Section 3 presents a review of 209 research papers on LM. Sections 4 and 5 present the
descriptive and critical analyses of the review respectively. Conclusions and future
research issues are given in Section 6.

2. Various reported definitions of LM
This section presents a compilation of the various reported definitions of LM
with connotation. Principles of lean thinking have been broadly accepted by many
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production/operation managers and have been applied successfully across many
disciplines. Some researchers and practitioners across the world have studied and
commented on LM definitions. Intention is to compile the scholarly definitions of LM
showing how the principles, objectives, and scope of LM have changed overtime (1988-
2012). Pettersen (2009) compared the contemporary literature and concluded that there
is no consensus on a definition of LM among the authors. The authors also seem to
have different opinions on which characteristics should be associated with the lean
concept. This paper presents lean definitions reflecting the changing goals, principles,
and scope (Table I).

From the above definitions it is clear that lean may be a way (Storch and Lim, 1999;
Howell, 1999), a process (Womack et al., 1990), a set of principles (Womack et al., 1990),
a set of tools and techniques (Bicheno, 2004), an approach (NIST, 2000; Taj and
Morosan, 2011), a concept (Naylor et al., 1999), a philosophy (Liker, 1996; Cox and
Blackstone, 1998; Singh, 1998; Comm and Mathaisel, 2000; Liker and Wu, 2000; Alukal,
2003; Holweg, 2007; Shah and Ward, 2007; De Treville and Antonakis, 2006), a practice
(Framework of the LAI, MIT, 2000; Simpson and Power, 2005), a system (Womack and
Jones, 1994; Cooper, 1996; Shah and ward, 2007; Hopp and Spearman, 2004), a program
(Hallgren and Olhager, 2009), a manufacturing paradigm (Rothstein, 2004; Seth and
Gupta, 2005), or a model (Alves et al., 2012). Scope of LM includes product development
(Krafcik, 1988), operations management (Narasimhan et al., 2006), total supply chain
(Womack et al., 1990; Singh, 1998; Naylor et al., 1999; Comm and Mathaisel, 2000;
Cooney, 2002), human design element (Shah and Ward, 2003), manufacturing paradigm
(Rothstein, 2004; Seth and Gupta, 2005), market demand, and environment changes
(Alves et al., 2012). Various goals for which LM is implemented are – to get large
variety of products with fever defects (Krafcik, 1988), to integrate product development,
supply chain management, and operation management (Womack et al., 1990), to reduce
cost/produce more with less (Hayes and Pisano, 1994), to reduce time to delivery (Liker’s,
1996), to level the production schedule (Naylor et al., 1999), to improve quality at low cost
(Liker and Wu, 2000), to remove waste from system (Worley, 2004), to maximize capacity
and minimize inventory (De Treville and Antonakis, 2006), to improve productivity and
quality (Bhamu et al., 2012), to achieve agility (Alves et al., 2012), etc. It is clear that there
is an absence of common definition of the concept. This lack of clarity is evident from
multiplicity of descriptions and terms used with respect to LM (Shah and Ward, 2007).
The ambiguity exists because LM evolved over a time (Womack et al., 1990; Spear and
Bowen, 1999; Hopp and Spearman, 2004; Shah and ward, 2007). Confusion of definition
also exists due to substantive disagreement about what comprises LM and how it can be
measured operationally (Shah and Ward, 2007).

3. LM literature review
After the seminal work The Machine that Changed the World (Womack et al., 1990) lean
has evolved much. Hines et al. (2004) discuss about this evolution of lean. They found
that the distinction of lean thinking at the strategic level and lean production at the
operational level is crucial to understand lean as a whole in order to apply the right
tools and strategies to provide customer value. It is unanimously accepted that being
lean is more beneficial. Some researchers have pointed out the limitations of the LM.
Cooney (2002) opined that batch production still has an enduring value from a work
design and manufacturing process perspectives. Bhasin and Burcher (2006) have found
that the implementation or adaptation of lean is still facing problems and presented
the underlying reasons surrounding low rates of successful lean initiatives.
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Sl. no. Author Lean manufacturing definition

1. Krafcik (1988) Compared to mass production it uses less of everything-half the
human effort in the factory, half the manufacturing space, half
the investment in tools, half the engineering hours to develop a
new product in half the time. Also it requires keeping far less
than half the needed inventory on site, results in many fewer
defects, and produces a greater and ever growing variety of
products

2. Womack et al. (1990) Lean is a dynamic process of change driven by a systematic set
of principles and best practices aimed at continuous
improvement. LM combines the best features of both mass and
craft production

3. Womack and Jones (1994) Lean production can be defined as an alternative integrated
production model because it combines distinctive tools,
methods, and strategies in product development, supply
management, and operations management into a coherent
whole

4. Hayes and Pisano (1994) Briefly, it is called lean as it uses less, or the minimum, of
everything required to produce a product or perform a service

5. Womack and Jones (1996) The term lean denotes a system that utilizes less, in terms of all
inputs, to create the same outputs, as those created by a
traditional mass production system while contributing
increased varieties for the end customer

6. Liker’s (1996) A philosophy that when implemented reduces the time from
customer order to delivery by eliminating sources of waste in
the production flow

7. Cooper (1996) Lean production is a system designed to compete on the
assumption that sustained product advantage is unlikely, and
therefore rather than avoid competition, face it head-on

8. Dankbaar (1997) Lean production makes optimal use of the skills of the
workforce, by giving workers more than one task, by
integrating direct and indirect work, and by encouraging
continuous improvement activities. As a result, lean production
is able to manufacture a larger variety of products, at lower
costs and higher quality, with less of every input, compared to
traditional mass production: less human effort, less space, less
investment, and less development time

9. Cox and Blackstone (1998) Lean production is a philosophy of production that emphasizes
the minimization of the amount of all the resources (including
time) used in the various activities in the enterprise. It involves
identifying and eliminating non-value adding activities in
design, production, supply-chain management, and dealing
with the customers. Lean producers employ teams of
multi-skilled workers at all levels of the organization and use
highly flexible, increasingly automated machines to
produce volumes of products in potentially enormous
variety

10. Singh (1998) Lean manufacturing is a philosophy, based on the Toyota
Production System, and other Japanese management practices
that strive to shorten the time line between the customer
order and the shipment of the final product, by consistent
elimination of waste

(continued )

Table I.
Definitions of lean

manufacturing
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Sl. no. Author Lean manufacturing definition

11. Naylor et al. (1999) Leanness means developing a value stream to eliminate all
waste, including time, and to ensure a level schedule

12. Storch and Lim (1999) Lean production is an efficient way to satisfy customer needs
while giving producers a competitive edge

13. Howell (1999) A new way to design and make things differentiated from mass
and craft forms of production by the objectives and techniques
applied on the shop floor, in design and along supply chains
aiming to optimize performance of the production system
against a standard of perfection to meet unique customer
requirements

14. Framework of the Lean
Advancement Initiative
(MIT, 2000)

[y] not being merely a set of practices usually found on the
factory floor. Lean is rather a fundamental change in how the
people within the organization think and what they value, thus
transforming how they behave

15. Comm and Mathaisel (2000) Leanness is a philosophy intended to significantly reduce cost
and cycle time throughout the entire value chain while
continuing to improve product performance. This value chain is
composed of a number of links. The links exist within
government as well as within industry, and they exist between
government and industry

16. Liker and Wu (2000) A philosophy of manufacturing that focusses on delivering the
highest quality product on time and at the lowest cost

17. Cooney (2002) Lean takes a broad view of the production and distribution
of manufactures, developing a production concept that
encompasses the whole manufacturing chain from product
design and development, through manufacturing and
distribution

18. Shah and Ward (2003) Lean manufacturing can be best defined as an approach to
deliver the upmost value to the customer by eliminating waste
through process and human design elements. Lean
manufacturing has become an integrated system composed of
highly inter-related elements and a wide variety of management
practices, including Just-in-Time (JIT), quality systems, work
teams, cellular manufacturing, etc.

19. Alukal (2003) Lean is a manufacturing philosophy that shortens the lead time
between a customer order and the shipment of the products or
parts through the elimination of all forms of waste. Lean helpful
firms reduce costs, cycle times and unnecessary, non-value
added activities, resulting in a more competitive, agile, and
market responsive company

20. Hopp and Spearman (2004) Lean production is an integrated system that accomplishes
production of goods/services with minimal buffering costs

21. Haque and Moore (2004) Lean is by definition an enterprise initiative with a common
format for all business processes with the single strategic goal
of eliminating waste and improving the flow of value

22. Rothstein (2004) Lean production is more commonly considered as a broad
production paradigm including an array of manufacturing
systems containing some variety of lean practices, such as just-
in-time inventory systems, teamwork, multi-tasking, employee
involvement schemes, and policies for ensuring product quality
throughout the production process

(continued )Table I.
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Shah and Ward (2003) identified 22 lean implementation elements and classified
these into four bundles (categories) – just in time (JIT), total productive maintenance
(TPM), total quality management (TQM), and human resource management (HRM).
Papadopoulou and Ozbayrak (2005) classified the lean literature into six categories –
production floor management; product/process-oriented; production planning,
scheduling, and control; lean implementation; work-force management; and supply
chain management. Moyano-Fuentes and Sacristan-Diaz (2012) reviewed lean
production literature and categorized the literature into four areas of internal
aspects (shop floor), value chain, work organization, and impact of geographical

Sl. no. Author Lean manufacturing definition

23. Worley (2004) Lean manufacturing is defined as the systematic removal of
waste by all members of the organization from all areas of the
value stream

24. Simpson and Power (2005) Lean is a practice with the objective to generate a system that is
efficient and well organized and devoted to continuous
improvement and the elimination of all forms of waste

25. Seth and Gupta (2005) Lean production refers to a manufacturing paradigm based on
the fundamental goal of continuously minimizing waste to
maximize flow

26. Taj and Berro (2006) Lean means “manufacturing without waste.” The lean
approach is focussed on systematically reducing waste (Muda)
in the value stream

27. Narasimhan et al. (2006) Production is lean if it is accomplished with minimal waste due
to unneeded operations, inefficient operations, or excessive
buffering in operations

28. De Treville and Antonakis
(2006)

Integrated manufacturing system intended to maximize
capacity utilization and minimize buffer inventories through
minimizing system variability

29. Shah and Ward (2007) Lean is a management philosophy focussed on identifying and
eliminating waste throughout a product’s entire value stream,
extending not only within the organization, but also along its
entire supply chain network

30. Holweg (2007) Lean manufacturing extends the scope of the Toyota production
philosophy by providing an enterprise-wide term that draws
together the five elements – product development process,
supplier management process, customer management process,
and policy focussing process

31. Hallgren and Olhager, 2009 Lean manufacturing is a program aimed mainly at increasing
the efficiency of operations

32. Taj and Morosan (2011) A multi-dimensional approach that consists of production with
minimum amount of waste (JIT), continuous and uninterrupted
flow (Cellular Layout), well-maintained equipment (TPM), well-
established quality system (TQM), and well-trained and
empowered work force (HRM) that has positive impact on
operations/competitive performance (quality, cost, fast
response, and flexibility)

33. Alves et al. 2012 Lean production is evidenced as a model where the persons
assume a role of thinkers and their involvement promotes the
continuous improvement and gives companies the agility they
need to face the market demands and environment changes of
today and tomorrow Table I.
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context. However, none of the literature reviews papers on LM presents the type of
research methodologies, global proliferation of lean research, type of industries where
lean is implemented. This section presents the review of 209 scholarly articles during
1988-2012 from 75 international journals and eight conferences (Table II) identifying
the research contribution, research methodology, and type of industry where lean is

(A) Journal Number of references %

International Journal of Production Research 33 15.79
International Journal of Operations & Production Management 28 13.40
Journal of Manufacturing Technology Management 15 07.17
Production Planning & Control 8 03.83
Integrated Manufacturing Systems 6 02.87
Journal of Operations Management 5 02.39
International Journal of Advanced Manufacturing Technology 5 02.39
International Journal of Quality & Reliability Management 5 02.39
Production Planning & Control: The Management of Operations 4 01.91
International Journal of Production Economics 4 01.91
The TQM Magazine 4 01.91
International Journal of Productivity and Performance Management 4 01.91
International Journal of Logistics: Research & Applications 3 01.44
International Journal of Physical Distribution & Logistics Management 3 01.44
Supply Chain Management: An International Journal 3 01.44
Total Quality Management 3 01.44
Others (two references of each journal)a 18 08.61
Others (one reference of each journal)b 50 23.93
(B) International Conferences 08 03.83
Total 209 100

Notes: aBenchmarking: An International Journal, Business Process Management Journal,
International Journal of Agile Management systems, Journal of Industrial Engineering and
Management, Lean Construction Journal, Management Decision, Measuring Business Excellence,
Total Quality Management & Business Excellence, Engineering, Construction and Architectural
Management; bJournal of Psychosomatic Research, European Journal of Social Sciences, European
Journal of Operational Research, African Journal of Business Management, Asia Pacific Journal of
Marketing and Logistics, Asian Social Science, Assembly Automation, British Food Journal, Cityscape:
A Journal of Policy Development and Research, Computers in Industry, European Journal of Business
and Management, European Journal of Scientific Research, Indian Foundry Journal, Industrial
Management & Data Systems, Industrial Marketing Management, International Journal of
Management Practice, International Journal of Business and Management, International Journal
of Flexible Manufacturing Systems, International Journal of Lean Six Sigma, International Journal of
Manufacturing Technology and Management, International Journal of Service Industry Management,
International Journal of Simulation and Process Modeling, Journal of Achievements in Materials and
Manufacturing Engineering, Journal of Advanced Manufacturing Systems, Journal of Applied Sciences,
Journal of Combinatorial Chemistry, Journal of Construction Engineering and Management, Journal
of Intelligent Manufacturing, Journal of Management History, Journal of Manufacturing Systems,
Journal of Medical Biochemistry, Logistics Information Management, Managing Service Quality,
Manufacturing and service operations management, Neural Computing & Application, Online Journal
of Workforce Education and Development, Procedia Computer Science, Quality and Reliability
Engineering International, Quality Safety Health Care, Robotics and Computer-Integrated
Manufacturing, The International Journal of Logistics Management, The Leadership & organization
Development Journal, The TQM Journal, World Development, IEEE Explore, Sloan Management
Review, Prometheus: Critical Studies in Innovation, International Journal of Systems Science; Work,
Employment & Society, Human Resource Management Journal

Table II.
Distribution of the
reviewed paper in various
journals and conferences
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applied as shown in Table III. The research papers are presented year wise with profile
of the author and country of the authors for descriptive analysis. The critical analysis
of the review is presented in Section 5.

Review methodology
These days, the most economic and effective way to carry out research is through the
use internet and databases. However, there is so much proliferation of information –
effective and non-effective, authenticated and non-authenticated, reliable and non-
reliable, and most importantly useful and non-useful. Therefore, Google Scholar is used
to start the search for quality research papers. Initially “lean manufacturing,” “Toyota
production system,” “just in time manufacturing,” and “lean literature review” were
used as the search keywords. Some papers were downloaded but soon it was realized
that most of the papers, but not all, related to TPS and JIT manufacturing are not
connected to LM. Thereafter, keyword “lean literature review” was used and 45 papers
were downloaded. These papers were studied to understand the various research
issues being explored by the researchers in LM. It was observed that many of these
papers, although provided literature review on LM, also provided case studies on lean
implementation. The various researchers implemented LM in case study organizations
and some also provided the lean frameworks (conceptual, implementation, strategic,
operational, etc.). Seven lean implementation frameworks were studied. It was found
that there is no standard LM implementation framework and the crux of this is the lack
of dedicated LM implementation tools, techniques, or methodologies. All the reported
tools used in LM implementation are stand alone matured tools like 5S, six sigma,
TPM, CMS, JIT, VSM, kaizen, etc. So, it was decided to review papers for lean tools,
techniques, and methodologies. While reviewing the available papers it was observed
that many quality cross-references were missed and a little probing revealed that many
of these papers are using the word “lean production” instead of “lean manufacturing.”
Therefore, these two keywords were again used to get more papers for review. This
resulted in 32 papers with term LM and 34 papers with term lean production.

More papers, found through the cross-references, have been reviewed due to their
influential role in the development of lean. Ten of these papers are about lean
principles, two about lean management, six about leagile manufacturing, 18 about
lean six sigma, five about lean supply chain management, two about continuous
improvement, and rest 48 about lean tools and techniques. It is pertinent to mention
that many papers discuss multiple issues but each paper is categorized in the most
suitable category depending upon whether the term is in title, abstract, or body of the
paper. Overall 209 papers have been reviewed from over 75 international journals
and eight conferences over the period of 1988-2012. But, this set of 209 papers does
not include all papers which were used in review of LM definitions. In this empirical
research, literature review papers, conceptual papers, descriptive papers,
exploratory papers, and empirical papers including case studies, surveys, best
practices were included.

There are many limitations to the search methodology. One important limitation
was the availability of the papers to the authors. Primary databases searched for the
papers were Emerald, Taylor & Francis, Elsevier, IEEE, and Springer publishing
groups. Authors wish to make clear that all the papers reviewed may not have these
two keywords and all the papers having these two words may have not been reviewed.
Many papers were reviewed from cross-references because these contained the
required information.
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The different research methodologies used by various researchers are divided into six
types – conceptual, descriptive, empirical, exploratory cross-sectional, and exploratory
longitudinal (Dangayach and Deshmukh, 2001). The meaning of these research
methodologies is given below:

. Conceptual: basic or fundamental concepts of LM.

. Descriptive: explanation or description of LM content or process, performance
measurement issues.

. Empirical: data for study has been taken from existing database, review, case
study, taxonomy, or typological approaches.

. Comparative: comparison between two or more practices or solutions and the
evaluation of the best practice or a solution.

. Exploratory cross-sectional: objective of study is to become more familiar through
survey, in which information is collected at one point of time.

. Exploratory longitudinal: survey methodology, where data collection is done at
two or more points over time in the same organization.

Various industries have been classified as per International Standard Industrial
Classification (ISIC) of all economic activities, Rev.4, Department of Economic and
Social Affairs (Statistics Division), United Nations (http://unstats.un.org/unsd/cr/registry/
regcst.asp?Cl¼27).

4. Descriptive analysis of the data
Some of the observations, results, and discussion based on the literature review are
presented in this section.

4.1 Research methodology
Results shown in Table III show that around one-fourth of papers are conceptual or
descriptive in nature discussing the fundamental concepts or description of LM
process including performance measurement issues. Three-fourth of papers deal with
the theory verification based on empirical or survey methodologies. Table IV reveals
that exploratory cross-section studies are less reported as compared to longitudinal
and other approaches. This is a very healthy sign in LM research compared with research
in other areas where more research is based on exploratory cross-section studies. There
are few studies based on the combination of various research methodologies.

4.2 Distribution of research papers over regional basis
As shown in Figure 1, around half the papers are published by authors from USA and
UK. Indian authors have also published around 13 percent of the papers. Most of these
papers are based on the empirical study of Indian automotive industry. There are
authors from many European nations. This demographic representation of authors
shows that the LM research and application is spread all over the globe. Surprisingly,
the number of articles published by the Japanese is less. One of the reasons for this may
be that the Japanese prefer the term Toyota production over LM.

4.3 Distribution of author profile
Most of the research in LM is done by academicians using industry data. In total, 173
authors (82.78 percent) are basically academicians and only ten authors (4.78 percent)
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are practitioners. In total, 26 authors (12.44 percent) are both academician as well as
practitioners as shown in Figure 2.

4.4 Distribution of papers over time
Figure 3 presents the year wise distribution of all 209 articles from 1988 to April 2012.
It can be inferred from the data that the research in LM has picked up from the

Sl. no. Type of methodology No. of references %

1. Exploratory longitudinal 55 26.31
2. Empirical 45 21.53
3. Descriptive 29 13.87
4. Conceptual 28 13.40
5. Exploratory cross-section 22 10.53
6. Comparative 11 05.26
7. Conceptual and exploratory longitudinal 7 03.35
8. Conceptual and empirical 5 02.39
9. Empirical and comparative 2 00.96

10. Comparative and exploratory cross-section 1 00.48
11. Comparative and conceptual 1 00.48
12. Descriptive and exploratory longitudinal 1 00.48
13. Conceptual and exploratory cross-section 1 00.48
14. Descriptive and empirical 1 00.48

Total 209 100

Table IV.
Research methodologies
in LM literature
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beginning of the twenty-first century assuming that the research takes few years to
compile and publish. One of the reasons for this is the recession in market during
this time. The recession forced the organizations and researchers to come out with
solutions to decrease the production cost. LM was widely seen to cut cost through
waste reduction. Due to the high interest in the subject from early 1990, International
Journal of Operations & Production Management brought out a special edition on
lean production (Vol. 16, No. 2, 1996). These days, there are many international journals
on LM.

4.5 Distribution of papers by type of industry
Table V below shows the LM contribution in different industries complied as per ISIC
of all economic activities, Rev. 4.

It shows that the maximum numbers of publications are related to transportation
sector (automotive and aerospace industry). This sector has seen fierce competition
and almost stagnant demand in USA and European countries for almost a decade.
At the same time there has been an increase in demand from the emerging economies
like China and India. This forced almost all top industries in automotive sector to woo
these emerging markets. However, the customers in the emerging markets are very
sensitive to price and operative costs which made the automotive sector to look
forward to lean implementation to reduce cost. However, the LM implementation started
in automobile industry and soon its application was adopted by other industries
including textile, construction, service, food, medical, electrical and electronics, ceramic
industry, furniture, services, etc. LM has been adopted by all types of manufacturing
systems – product layout, process layout, and fixed layout; batch production and mass
productions; discrete production to continuous production. It has found applications
from manufacturing to service sector; mass production to high variety and small
volumes production; labor-intensive industries to technology intensive industries;
construction industry to assembly industry; medical health care to communication
industry. LM can be applied easily, but there is no single good solution to achieving
higher performance, and that the context of operations is of the utmost importance
(Lowe et al., 1997; Shah and Ward, 2003).

5. Critical analysis of the review
5.1 Application of lean in small and medium enterprises (SMEs)
SMEs play a tremendous role in manufacturing sector all over the world in term
of production volume and employment generation. Globalization and emerging
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technologies have an enormous impact on SMEs around the world. SMEs are
trying hard to include new methodologies/principles like lean to achieve performance
improvement. Unfortunately, the idea of applying LM has not been adopted by a large
number of SMEs due to the fear of implementation cost and the subsequent benefits of
lean. Some critical factors for implementation of lean within SMEs include: leadership
and management, finance, skill and expertise, performance evaluation system, and
culture of the recipient organization (Achanga et al., 2006; Pingyu and Yu, 2010).
Panizzolo et al. (2012) explored the LM penetration in the Indian SMEs and found that
lean implementation strategy drive significant improvement in manufacturing
performance. Some of the observations for failure of LM implementation in SMEs are:
use of wrong tool, use of one tool to solve all the problems, lack of understanding, and
poor decision-making environment. External support from government, suppliers,
customers, and outside consultants could enhance the successful implementation of lean
in SMEs (Rose et al., 2010). Large manufacturers are more likely to implement LM
practices than small ones (Lowe et al., 1997; White et al., 1999; Shah and Ward, 2003).
But companies which have used lean tools like TQM, 5S, JIT, etc., observed significant
improvements in lead time, delivery cycles, productivity and quality levels, rejection
rates, and customer satisfaction (Sohal and Egglestone, 1994; Lowe et al., 1997).

5.2 Application of lean in logistics and supply chain management
Apart from the internal elements and factors, transformation to lean and successful
survival also brings into picture the other players in the supply chain namely suppliers,
distributors, distribution network, and logistics. Lean supply chain management is a
driver toward enhancing product quality and business performance (Christopher and
Towill, 2000; Agus and Hajinoor, 2012; Moyano-Fuentes and Sacristan-Diaz, 2012). Given
the same organizational constraints and resources, lean suppliers gain significant
competitive advantages over non-lean suppliers in production systems, distribution
systems, information communications, containerization, transportation, customer-supplier
relations, and on-time delivery performance (Wu, 2003). Poor logistics, supplier integration,
frequent changes in customer demand, and volatile demand are some of the challenges
to be overcome in implementing lean concepts in supply chain management. Poor
transportation creates external diseconomies by introducing inefficiencies and unreliability
in the supply chain, making it seriously difficult for the manufacturers and assemblers
to implement lean production (Gulyani, 2001). Supplier integration is an important issue to
be preceded to LM commitment (Jayaram et al., 2008; Hines et al., 1999). Reichhart and
Holweg (2007) elucidated the problems and difficulties involved in applying lean concepts
to the distribution system. The slow adoption of lean thinking in distribution is due to an
inherent conflict between LM techniques and the need to link the production pull signal to
variable demand in the marketplace.

5.3 Lack of LM implementation process/framework
During recent years, the application of LM in different types of industries is growing
rapidly. Some of the organizations have reported huge benefits, while many industries
have not obtained the desired results. One of the reasons for this is improper
understanding of LM by both the management and employees of an organization
(Anand and Kodali, 2010a). None of the available frameworks/models on LM provide
a stepwise guideline or process to implement LM. Some of these frameworks are devoid
of lean concepts. Unfortunately many of these frameworks have large number
of elements different to each framework. This is perhaps the most undesirable effect of
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empirical/exploratory study in LM. There is a strong need to converge these divergent
views to some standard framework.

There is no standard LM implementation process/framework. LM has become
an integrated system composed of highly integrated elements and a wide variety of
management practices (Delbridge, 2003). Though there are sequences in which lean
principles are implemented (Womack and Jones, 1996; Åhlström, 1998; Motwani, 2003;
Hines et al., 2004; Anand and Kodali, 2010a, b), management nevertheless also need to
devote effort and resources (Åhlström, 1998). The lean objectives of waste elimination
and zero defects can be achieved through increasing the awareness of lean, identifying
and mitigating the lean barriers, changing the organization culture, changing the
role of team leaders, delayering the organization, forming a multifunctional teams,
increasing the employees commitment level through proper pay and reward system,
integrating the whole supply chain from supplier to customer, involving the necessity
of innovation and adaptation in the organization, and by using a set of lean principles
along with vertical information systems in the organization.

Most the literature has focussed on implementation of the lean tools and
techniques/practices in the manufacturing sector (Womack and Jones, 1996; Rother
and Shook, 1998; Pascal, 2002; Singh et al., 2010); however, the effectiveness and
sustainability of these lean principles has been highly variable (Motely, 2004). Some of
the literature has explored/focussed on leadership practices/cultural issues/workers
issues/workplace environment rather than lean tools (Oliver et al., 1996; Lowe et al.,
1997; Delbridge, 1998; Delbridge et al., 2000; Delbridge and Whitfield, 2001; Spear,
2004; Shah and Ward, 2007) as these issues play key role in the sustainable success of
lean journey. A greater role should be given to middle management in performance
improvement and strategy formulation (Manville et al., 2012). The viability of LM also
depends on the effects it has on the company’s external and internal environments
(Katayama and Bennett, 1996). The critical issues identified from the review are
grouped in pre-implementation, implementation, and post-implementation phases as
given below.

LM pre-implementation issues. Successful adoption of lean in any type of industry
depends on how well the organization started the implementation plan. The various plans
can be grouped into pre-implementation, implementation, and post-implementation phases.

Any organization before implementing LM, must create lean awareness programs
for all the employees at different hierarchical levels in the organizations. The objectives
of the LM should be cleared to all employees particularly to the front line workers
and supervisors. Authors have observed during the implementation of LM at two
organizations that shop floor employees have many misconceptions about the objectives
of LM and it was very difficult to get the precise operational data from workers.
When the objectives were not clear, wrong data were provided to have higher cycle time.
It is pertinent to identify lean drivers and barriers for the specific organization.
Top management commitment is to be ensured for removing barriers and leveraging the
drivers. Develop a full plan of implementation and post-implementation tasks. Some of
these prerequisites cannot be taught or forced, but should be developed and nurtured
through proper training (Anand and Kodali, 2010a). This phase creates a platform for
lean implementation and at the same time eliminates the skepticism surrounding
its implementation and benefits. In addition to the seven wastes and unused creativity
(Liker, 2004), communication, within organization and with vendors and customers, is
another important pre-implementation issue to be addressed. It is essential to sustain this
effort and realize the benefits of a long-term commitment to create a quality culture.
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Customer focus (Womack and Jones, 1996) is central to lean philosophy. Customer focus
revolves around the notion of “defining value from customer perspective,” which requires
frequent and regular communication with customers. In-house and external education
and training programs are important for learning the various tools/techniques/
methodologies. Special hands-on training should be conducted for supervisory level in
waste identification and categorization.

LM implementation issues. The implementation level focusses on identification and
elimination of all forms of wastes throughout supply chain with proper application of
lean tools and techniques. To improve performance, lean should lead to collective
improvement in all the activities of supply chain – supplier, organization, and customer
(Hines et al., 2004; Womack et al., 1990). Effective customer-supplier relationships are
widely recognized as crucial to the successful implementation of LM principles to
achieve high level of efficiency and effectiveness in the system. On-time delivery
by suppliers allows a firm to keep low inventories and shorten response time
to customers. Lean supply is associated with level scheduling and optimization to
improve quality, service, and lead time (Christopher and Towill, 2000; Wu, 2003).
Key aspects of SIPOC (Suppliers, Input, Process, Output, Customer) sub-system should
be identified and in each sub-system identify the various types of wastes, standards,
and benchmarks to compare. LM implementation involves the implementation and
evaluation of lean (application of lean tools/techniques, machine and process stability,
quality improvement, inventory control, and evaluation). Outsourcing (maintenance,
housekeeping, security, food services, mail, copy services, etc.), collaboration (meet the
need of doing more with less), and technology (knowledge sharing, idea generation, cost
saving information, ERP) to improve the performance of the system are the key aspects
in the production process.

LM post-implementation issues. Mohanty et al. (2007) observed that many of the
companies that reported initial gains from lean implementation often found that
improvements remain localized, and the companies were unable to have continuous
improvements. One of the reasons for this can be attributed to lack of proper post-
implementation planning. The post-implementation phase completes the lean
implementation process. This phase involves observing the outcomes and analyzing the
entire process. After implementing lean, the organization needs to be patient in order to
observe the positive results. The organization should call for review of the entire process in
order to create opportunities for continuous improvement. This level emphasizes the
outcomes/results of the lean implementation in term of achievement of goals leading to
profitable growth of the organization or benefits arising from LM implementation.
Fullerton et al. (2003) found a positive relationship between company profitability and the
degree of implementation of waste reduction practices. Continuous improvement involves
an extended journey, gradually building up skills, and capabilities within the organization
to find the new problems/wastes in the system and solving them with the help of different
tools and techniques. Post-implementation issues relate to the review of employees for
recognition and awards (moral award, position increment, bonuses, recognition by peers,
penalty, work environment improvement) and customer for finding customer satisfaction
level through customer complaint information, customer complaint analysis, customer
services, and customers information system.

The general methodology for lean implementation in an organization, with critical
input and output information, is shown in Figure 4. This is a general methodology
and depending upon the level of implementation, some steps need not be followed.
For example, if the organization wish to implement LM in steps and the need is felt
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at the middle level management, then it can directly start from cross-functional team
formation to get the desired results.

5.4 Cultural, work organizational, and HRM issues in LM implementation
The relationship between the LM implementation and organization culture is very
sensitive. Different countries have different customs, labor density, degrees of
development, industrialization, education, traffic situation, land price, etc. Companies
have to take these issues into consideration when applying lean production. Cultural
support for lean collaboration is recommended as a precursor to the application of the
lean principles (Perez et al., 2010; Chen and Meng, 2010a). Cultural differences pertain
mainly to internal resistance and openness to change (Delgado et al., 2010). Success of
LM depends largely on the work organization practices. For example, in 1990s Toyota
adopted skill-based practices from a seniority-based scheme. Some important work
organization practices common to the factories that successfully adopted lean production
are: standardization, discipline and control, continuous training and learning, team-based
organization, participation and empowerment, multi-skilling and adaptability, common
values, compensation and reward system to support lean production, belief, commitment,
communication, work methods, etc. (Emiliani and Stec, 2004; Olivella et al., 2008).
The early research in LM has pointed out the role of management support, remuneration
system, accounting system, etc. (Karlsson and Åhlström (1995, 1996); Boyer, 1996;
Worley and Doolen, 2006). Conti et al. (2006) used Karasek job stress model to link lean
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shop floor practices to expected worker stress and found that the stress is significant
only at managerial level in designing and operating a lean system and not at the
shop floor level. Globalization has brought increased competition in labor market
and many firms today are employing contractual workers in order to help them stay
lean and flexible. Firms should manage and train temporary workers to improve the
efficiency and effectiveness of the implementation of lean improvement initiatives
(Tan et al., 2012).

The organization culture is the base for all involvement activities. Culture is a result
as well as an enabler for sustainable and successful lean operations (Liker, 2004; Hines
et al., 2008). It is important to involve production team members in checking, reporting,
and if possible correcting hidden failures and minor stoppages. These activities boost
employee confidence to face future challenges, strengthen an employee’s ability to
work in teams, provide opportunities to display leadership skills, and enable to solve
problems logically. According to Storch and Lim (1999), effective operation of the lean
philosophy requires clear communication, not only among operational units, but also
among all segments of the value stream. Before implementing lean it is important for
everyone to be satisfied with the goals and decisions. Any kind of change requires
education and training to adopt it and it is no different in case of lean implementation.
In a lean production environment, education and training is required to develop
multi-skilled workers. Various factors related to human resource aid in implementing
lean philosophy in an organization as shown in Table VI. An important motivational
factor is proper remuneration system. This system plays an important role in the lean
implementation (Karlsson and Åhlström, 1995). Some of the incentives may be:
productivity bonus, if the worker has helped in reducing the standard cycle time of the
process; quality bonus, for zero defects in the specified time period; time accuracy
bonus, if all orders are delivered on time; etc.

5.5 LM tools, techniques, and methodologies
Since the beginning of the new century many organizations are trying to be lean.
This has led to the development/identification of many LM tools, techniques, and
methodologies and every day new ones are being proposed. LM has become an
integrated system composed of highly inter-related elements and a wide variety of
management practices, including 5S, JIT, quality systems, work teams, cellular
manufacturing, TPM, Kanban, etc. There are plethora of different tools and techniques
for different purposes and waste elimination (Green and Dick, 2001). However, the LM
tools and techniques have multiple names; some of them overlap with other tools and
techniques, and particular tools/techniques might even have a different method of
implementation proposed by different researchers (Pavnaskar et al., 2003). Many
of these tools and techniques are used in conjunction with each other to achieve the
optimum results. Table VII presents a review of the literary contributions to identify
the tools, techniques, and methodologies used in LM.

Culture (societal and organizational)
Commitment
Recruiting, hiring, and training
Communication
HR systems
Diffusing knowledge into decision making

Dealing with constraints
Performance feedback
Policy focus and deployment
Employee development
Quality leadership
Multifunctional teams
Roles and responsibilities

Table VI.
HR-related important
factors for successful LM
implementation
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Table VII.
Lean tools, techniques,

and methodologies
used in research
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Table VII shows that VSM has the maximum appearances followed by Kanban/Pull
production, JIT, 5S, TPM, cellular manufacturing, kaizen, TQM, SMED, etc. There are
numerous practices that can be applied under LM. This is one reason why one finds
different individual practices though the focus on LM is the same (e.g. Sohal and
Egglestone, 1994; Oliver et al., 1996; White et al., 1999).

5.6 Integration of LM with other systems/philosophies
During the review of papers, it has been observed that most of the papers try to
develop a system to deliver the products/services to the customer using takt time.
Many of the tools/techniques are used in conjunction with each other to further
enhance the performance of the system. From strategic point of view, any concept that
provides customer value can be in line with a lean strategy. In fact, there is a range of
complimentary approaches like ERP, MRP, SPC, agility, Theory of Constraints (TOC),
etc. that can and have been used in conjunction with lean (Hines et al., 2004). Winata
and Mia (2004) investigated the linkages between JIT, Information Technology for
Communication, and broad scope Management Accounting Systems information.
Dettmer (2001) presented the differences and similarities between LM and TOC and the
ways to integrate them. Systematic application of lean practices and Information
Technology system, particularly ERP system can improve the efficiency of the
organization even in SMEs (Powell et al., 2012). Miller et al. (2010) integrated lean tools
and sustainability concepts with discrete event simulation modeling in a small furniture
production company to make a positive impact on the environment, society, and its own
financial success.

Lean sigma combines the variability reduction tools and techniques from six sigma
with the waste and non-value added elimination tools and techniques from LM to
generate savings to the bottom-line of an organization (Kumar et al., 2006; Furterer and
Elshennawy, 2005). Combining lean practices with six sigma has gained immense
popularity in recent years (Shah et al., 2008). A structured and clever cross-fertilization
of lean six sigma methodology can be used in a wide range of projects at various
levels to tackle specific problems (Assarlind et al., 2012; Gupta et al., 2012; Hilton and
Sohal, 2012).

Lean and agile manufacturing are often described as two distinct manufacturing
philosophies with different set of goals. Lean basically emphasizes reduction in wastage
of resources and an agile system aims to be more flexible and adaptive to changes in the
environment and thus has the potential to use more resources (Christopher and Towill,
2000). Despite the differences in end objective, some researchers present lean and agile as
strategies that are mutually supportive in the organization (Katayama and Bennett, 1999;
Naylor et al., 1999; Robertson and Jones, 1999). Other researchers have advanced the idea
of lean and agile manufacturing strategies coexisting through “leagile” manufacturing
applied within a manufacturing system or supply chain. Both lean and agile initiatives
significantly affect quality conformance, delivery speed, and delivery reliability (Hallgren
and Olhager, 2009)

5.7 LM performance measurement system
Undeniably, there are certain guidelines which organizations need to contemplate
in their efforts to implement an effective performance measurement system for LM.
Frequently, organizations use generic measures with little consideration of their
relevance to LM (Bhasin, 2008). The challenge is to choose the right measures for
the appropriate level of the organization (Booth, 1996). If inappropriately planned, the
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measures can run counter to the strategy and thus encourage the wrong type
of behavior in the lean journey. Bhasin (2008) provided a LM performance template
including performance metrics related to finance, customer/market, process, people,
and future. However, some of the information required to use the template is hard to get
and the information required is also exhaustive. Vimal and Vinodh (2012) computed
leanness level using IF-THEN rules. However, there is a need to develop few critical
metrics to justify LM adoption before, during, and after implementation.

6. Conclusions and future research issues
This paper compiles various reported definitions of LM reflecting the changing goals,
principles, and scope of LM. This paper also presents a review of 209 research papers
on LM/lean production during 1988-2012. The review focusses on research contribution,
research methodologies, type of industry, and author profile. Following conclusions can
be drawn from the review:

. Theory verification through empirical and exploratory studies has been the focus
of research in LM. More research is based on exploratory longitudinal studies
rather than exploratory cross-section studies. Research on LM is conducted across
the globe. There are papers from the developed, emerging, and under developed
countries. However, USA and UK lead the research with more publications.

. The research in LM has picked up from early twenty-first century. Automotive
industry has been the focus of LM research but LM has been adopted by other
type of industries also. However, the adoption of LM in SMEs is not widespread.
Because of the fear of high implementation cost and uncertain future benefits.
Some sort of external support is required to enhance adoption of LM in SMEs.
Success of LM depends largely on the cultural and work practices prevalent in
organizations.

. LM has been adopted by all types of manufacturing systems – product layout,
process layout, and fixed layout; batch production and mass productions;
discrete production to continuous production. LM has found applications from
manufacturing to service sector; mass production to high variety and small
volumes production; labor-intensive industries to technology intensive
industries; construction industry to assembly industry; medical health care
to communication industry.

. One of the critical implementation factors of LM is simultaneous adoption of
leanness in supply chain. One of the reasons for the slow adoption of LM under
variable demand scenario is to link the production pull signal to the variable
demand.

. LM adoption led to more stress at managerial level rather than the shop floor
level people.

. There is lack of standard LM implementation process/framework. LM has become
an integrated system composed of highly integrated elements and a wide variety of
management practices. Various issues during pre-implementation, implementation,
and post-implementation phases of LM have been identified in this paper. It is
expected that this identification of various issues would help the managers to
effectively develop their implementation plan.

. Some chronicle changes observed in LM research is given in Table VIII.
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Limitations and Future research issues

. Some quality papers on LM may have been left out of this review because of the
limitations in the search methodology. There are large number of papers on
the LM and its tools/techniques/methodologies and it was practically impossible
for the authors to get these papers as well as review all the papers.

. The research on LM through empirical and exploratory studies has led to many
frameworks with divergent views. Use of a wide variety of management
practices has led to different views devoid of concepts. There is a strong and
urgent need to converge these divergent views to some standard framework/
process. Development of stepwise guideline/process for LM implementation like
TPM, TQM, or six sigma is strongly required.

. Within the framework of this research, several issues are pertinent to the
exploration of practical and theoretical aspects of the implications of employee
engagement in LM environments. With respect to this research, it has been noted
that many empirical studies have been conducted that survey the opinions of senior
levels of leadership, yet few studies exist that explore the dichotomy of blue-collar
manufacturing employees and front-line supervisors (Delbridge, 2003; Manville
et al., 2012).

. The use of wide variety of management practices in LM implementation has led
to a wide variety of generic performance indicators. There is a need to develop
LM standard/critical metrics for its evaluation before implementation, during
implementation, and after implementation.

. Various researchers in LM have used more than 18 tools/techniques/methodologies.
Most of these tools/techniques/methodologies are standalone methods developed
and used previously. Further research is required to distinguish the standard
tools/techniques/methodologies for LM. Similarly, there are other systems like six
sigma, agile manufacturing, and green manufacturing which have some elements
of LM. More research is also required to distinguish the common and different
elements of LM, agile manufacturing, six sigma, and green manufacturing.

The genesis of divergent views on LM perhaps lies in its divergent definitions,
objectives, and scope. The researchers have developed LM as a way, process, set of
principles, approach, concept, philosophy, system, program, and paradigm. The most
urgent need is to standardize the LM definition, converge LM scope, and to synthesize
the LM objectives to converge to a few critical objectives.
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