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Abstract
Purpose – The lean production system and world class manufacturing (WCM) have been prominent in
recent studies due to their conceptual synergy. However, although the number of studies is increasing, the
research is immature, especially regarding the interaction between topics. Therefore, the purpose of this paper
is to rank the tools of the lean production system, indicating how they help organizations achieveWCM, using
the theory of grey systems.
Design/methodology/approach – Therefore, the authors conducted an initial survey to collect data to
determine how the lean production tools are related to theWCM pillars. These data were analyzed by the grey
relational analysis statistical method, which passes through the construction of four stages.
Findings – The results show that of the lean production tools, stream mapping, kaizen, total productive
maintenance, Six Sigma, standardized work and 5S stand out for their use and implementation in the
organizational environment and facilitate organizations’ transitions to world-class performance through
the WCM pillars.
Practical implications – The results achieved guide organizations to use the tools of the lean production
system to help them reach world class status.
Originality/value –This paper stands out in the field of operations management, specifically in the research
on lean production, by making use of the theory of grey correlation system in an innovative and original way.
In addition, it promotes the consolidation of information on two of the main administrative strategies
currently employed in the organizational environment.
Keywords Survey, Lean manufacturing, Lean tools, Grey relational analysis, World class manufacturing
Paper type Research paper

1. Introduction
The challenge generated by the competitiveness between organizations has generated a
search for techniques that improve performance and, above all, increase companies’
productivity. Brown et al. (2007) claimed that to make these changes, administrative
strategies (commonly named by academics as approaches, methods, systems or
philosophies) assist in the selection of appropriate tools to achieve better industrial
production, ensuring the highest manufacturing performance.
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Regarding the selection of tools, Chiarini and Vagnoni (2015) pointed out that in the last
ten years, many organizations have adopted administrative strategies for their development
like the Toyota Production System (TPS), lean production, just-in-time ( JIT), total quality
control (TQC), Six Sigma and theory of constraints among others.

Among these administrative strategies, the lean production system stands out in the
literature and in the organizational environment, which is the subject of extensive studies,
reports and success stories. The term “lean production” is regarded as a global reference in
management strategies and was coined from the production system developed by Toyota,
an automotive manufacturer. One of lean production’s central features is the elimination or
minimization of waste based on five principles: value, value chain, continuous flow, pull
production and continuous improvement (Calarge et al., 2012).

The implementation of the lean production system in the organizational environment is
coordinated and structured with the use of tools (Pettersen, 2009; Lucato et al., 2014). These
tools have been developed using scientific methods to minimize or eliminate waste, are
currently employed in all large corporations and are applied by specialized consultants or
by internal organizational improvement teams. The tools aim to make the organization
efficient and effective in terms of quality, reliability, flexibility, innovation and cost and are
chosen through the study of available resources that satisfy and accomplish the
organization’s objectives (Brown et al., 2007).

Based on concepts and objectives similar to those of lean production, world class
manufacturing (WCM) promotes best production practices through the integration of
management systems, which improves processes and quality, reduces costs and promotes
increased flexibility and customer expectations (Poor et al., 2016).

However, achieving satisfactory goals that make an organization world-class is not
straightforward because few roadmaps or drivers support organizations. In the literature,
studies are visualized that determine performance indicators (Dubey et al., 2015; Sukarma
and Azmi, 2015; Digalwar et al., 2015) that support the pillars at strategic, tactical and
operational levels.

Specifically, at the operational level, organizational improvement occurs through the
deployment of tools with a wide range of choice, as indicated by Sukarma et al. (2014),
Dubey et al. (2015) and Vargas et al. (2017). At this point, it is worth noting that the tools
suggested to reach world-class status are the same ones mentioned for lean production
(Petrillo et al., 2018).

Because of the conceptual synergies between themes, in recent studies, these two
administrative strategies have been dealt with jointly (Bhamu and Sangwan, 2014; Chiarini
and Vagnoni, 2015). This statement is evidenced by Goes et al. (2017), who identified in the
literature a set of 42 publications from 2010 to 2015 that connect these two administrative
strategies. The authors pointed to a growing interest in the research topic, but they
identified little interaction between the topics in the studies among the researchers and in
the establishment of research networks.

Understanding the importance of these two administrative strategies and the failure to
advance their interaction, we aim to rank the lean production system tools according to how
they help organizations reach WCM status using the theory of grey correlation system.

In this respect, this research’s originality and its contribution are essential in the
scientific structuring of the relationship between the WCM pillars and lean production tools,
consolidating information from two of the main administrative strategies currently
employed in the organizational environment. The use of the theory of grey correlation
system, which is a multi-factor statistical analysis, contributes to this effort. This theory
analyzes all factors of the sample data, describes the relationships’ strength and feebleness
and the size and order of the relationships between factors (Tie-Jun and Sha, 2008). At this
point, the theory of grey correlation system will assist in the ordering of lean tools, giving
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organizations’ implementations an orientation, and highlights the pioneering nature of this
study, which demonstrates the positive impact of lean tools on the pillars because those
tools do not impact the pillars in isolation.

Therefore, this research is organized in five sections beyond this introductory section.
The second section provides the concepts for understanding the issues in studies of lean
production and WCM. The third section outlines the survey’s structure and justification for
employing the theory of grey correlation system. In the fourth section, the steps involved in
data analysis are presented, considering the innovation of application in this analysis of
operations management. In the fifth section, we discuss the data identified in the application
of the statistical method. Finally, the conclusion highlights information about how this work
was conducted.

2. Theoretical foundation
2.1 World class manufacturing (WCM)
The term “WCM” was established in 1984 by two American authors, Hayes and
Wheelwright (1984), who proposed a new method based on the principles of the TPS,
just-in-Time and TQC. The WCM method is a synthesis of several concepts, principles,
policies and tools for organizational improvement of management and operations (Đokić
et al., 2012; Vargas et al., 2017) and is based on capabilities developed by Japanese and
German companies that increase organizations’ production levels and overall performance.
The term “world class” came about because these organizations were associated with an
overall excellent performance, which resulted in such adjectives.

The WCM method gained popularity when Schonberger (1986) reinterpreted and
improved it two years later in his book World Class Manufacturing – The Lesson of
Simplicity Applied, which described organizational management strategies focused on
processes and tools to achieve high levels of performance.

To achieve world class performance, a philosophy was established based on zero waste,
zero breaks, zero defects and zero-inventory concepts. This philosophy is meant to minimize
the costs of an organization’s activities as well as increase its excellence and, consequently,
its competitiveness (Schonberger, 1986).

The WCMmethod consists of ten interconnections called pillars. These pillars are related
to organizational processes and allow an organization to achieve a world-class order
(Chiarini and Vagnoni, 2015; Gajdzik, 2013; Zimwara et al., 2012; Scalera, 2011). Table I
briefly describes these pillars.

Through modern approaches and the use of tools, studies point to the existence of a great
competitive advantage when comparing world-class companies and companies that do not
employ any specific approach. Organizations that reach a world-class order gain
competitive advantages in manufacturing that stand out in the literature: costs: reduction in
production costs, reasonable prices and improved profitability; flexibility: establishment of
production programs, flexibility in production and supply of goods; speed: rapid reaction
against competitors; credibility: improvement of training, product development and
attention to customer needs; and quality: establishment of standards and quality programs,
performance measurement, fundamental values and the organization’s objectives (Burcher
and Stevens, 1996; Gajdzik, 2013; Hosseinie et al., 2012; Ng and Hung, 2001; Pałucha, 2012;
Schonberger, 1986).

Authors such as Muniro et al. (2000), Chiarini and Vagnoni (2015), Xie (2014), Pałucha
(2012) and Yamashina (2000) elucidate that the WCM method seeks organizational
excellence through modern approaches, the use of tools and the elimination/minimization of
process waste. The elimination of waste is one of the most relevant factors in the
classification of companies as “world class” (Petrillo et al., 2018). These points have a strong
connection to the principles of the lean production system.
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2.2 Lean production system
The term “lean production” is defined by several authors as synonymous with the TPS. The
TPS emerged in the late 1940s when Japan was experiencing difficulties at the end of the
SecondWorld War. To rebuild itself, Toyota needed to rethink its production model, using a
pull system (demand-driven production) rather than being pushed (mass production). To
that end, new strategies and tools were created, such as JIT, kanban, kaizen and TQC among
others, which served to constitute the TPS that became known worldwide (Chiarini and
Vagnoni, 2015; Liker, 2003; Ohno, 1988).

The lean production concept originated in the late 1980s in a research project at the
Massachusetts Institute of Technology, which studied the global automotive industry,
focusing primarily on Toyota’s Japanese model, with the goal of mapping the best industry
practices through interviews with officials, trade unionists and government officials.

The lean production system has as its philosophy the identification and minimization or
progressive elimination of waste sources based on five fundamental principles: the
definition of value based on the client’s vision and needs and then determining the necessary
activities to offer the customer the product with the lowest level of waste through the
definition of the value chain. The product is then manufactured using a continuous flow;
which is triggered only when the customer places the order, exemplifying pull production.
These four principles lead to continuous improvement (kaizen) or radical improvements
(kaikaku) to achieve the fifth fundamental principle, which is the perfection of the system
(Calarge et al., 2012; Lucato et al., 2014).

In the literature, waste is organized into eight types: overproduction, over-processing,
defects, transportation, waiting, inventory, motion and non-utilized talent, which must be
constantly analyzed, as they do not add value in a productive cycle (Liker, 2003; Vinodh
et al., 2013; Dennis, 2015).

According to Dominici and Palumbo (2013), the lean production system has been
adopted by several organizations of various segments regardless of size. Experience
shows that the tools developed and assimilated by the lean system are successfully
applied in all branches of service and production, including various environments such as
agribusiness, health and education.

Several parts of the lean production system are interconnected in multiple ways because
it is a complex model with numerous strategies to be used. However, this system’s success

WCM pillar’s Description

Safety-hygiene and working
environment

Reduce the number of accidents and it develops a culture of prevention and
protection

Cost deployment Identify the main item of loss, it quantifies the economic benefits
Focus improvement Reduce the most important losses present in the process eliminating

inefficiencies
Autonomous activities Focus into two sub-pillars: (i) Autonomous maintenance: used to improve the

overall efficiency of the production system through maintenance policies; (ii)
Workplace organization: used to determinate an improvement in the
workplace and to remove losses

Professional maintenance Increase the machine efficiency using failure analysis techniques
Quality control Ensure a quality product, it reduces non-compliance and it increases the

skills of the employees
Logistics and customer service Reduce the levels of stocks and it minimizes the material handling.
Early equipment management Optimize the installation time and costs of the new products
People development Ensure correct skills and abilities for each workstation.
Environment Develop an energy, culture, and it reduces the energy costs and losses
Source: Adapted from Petrillo, Felice and Zomparelli (2018)

Table I.
The WCM pillars
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directly consists of the company’s organizational characteristics because it requires several
changes (Karim and Arif-Uz-Zaman, 2013; Marvel and Standridge, 2009).

Such improvements in the organizational environment are associated with the use of
tools. Womack et al. (1990) and Karim and Arif-Uz-Zaman (2013) state that the lean
production system offers tools that can be deployed in organizations; however, each
organization is unique and adopts unique forms of work. The use and choice of the types of
tools depend on a choice that meets the objectives each organization aims to achieve.

Satolo et al. (2018) have detected in a recent study the tools organizations commonly used
in the lean production system through a literature review based on the publications of Jasti
and Kodali (2014), Bhamu and Sangwan (2014) and Marodin and Saurin (2013). In this
survey, a set of 25 tools was highlighted, which are cited as value stream mapping (VSM),
just-in-time, total productive maintenance (TPM), lead time, Six Sigma, 5S, standardization
of operations, single minute exchange of die (SMED), small lot size, cellular manufacturing,
takt-time, kanban, kaizen, poka-yoke, pull production, supply chain integration, total quality
management, multifunctional workforce, visual management, empowerment, group
technology, production leveling, statistical process control, autonomation/jidoka and
concurrent engineering.

2.3 Literature concerning organizational levels between the lean production system and
WCM method
In the literature, as mentioned above, studies that cover the lean production system and the
WCM method are restricted (Satolo et al., 2018). It is noted in these articles that
interconnection is associated with organizational levels, that is, with respect to strategic,
tactical and operational levels.

At the strategic level, the interrelation occurs when a philosophy is established. The lean
production system’s philosophy is to identify and minimize or eliminate waste sources, that
is, reducing times and tasks that do not add value (Vinodh et al., 2013). The WCM method
also bases its philosophy on concepts such as zero waste, zero breaks, zero defects and zero
stock (Yamashina, 2000). This strategy is useful for organizations seeking to minimize their
activities’ costs and increase their excellence, thereby enhancing their competitiveness
across sectors (Gajdzik, 2013).

At the tactical level, ways to implement the organizational philosophy are established. For
the lean production system, tactical actions stem from the five principles: value, value chain,
pull production, continuous flow and perfection (Liker, 2003). Regarding theWCMmethod, for
Yamashina (2000), this process is divided into four steps: identify the problem, identify the
loss, define the method that will be adopted for restoration and control the results.

Finally, at the operational level, the focus shifts to the manufacturing environment as
well as the study and improvement of production processes. For the lean production system,
the support is in the set of tools that helps the organization improve performance and
operational efficiency, for which they need to be well-defined and -chosen (Karim and
Arif-Uz-Zaman, 2013). In the WCM method, execution comprises the improvement of
organizational performance according to the ten pillars that relate to the manufacturing
process and that enable an organization to achieve and sustain world-class performance
(Gajdzik, 2013, Zimwara et al., 2012, Pałucha, 2012). The work on the WCM pillars is
completed with tools, which according toĐokić et al. (2012) are categorized as describing the
problem, identifying the cause and standardizing the results.

These strategic and tactical links are not being studied. Therefore, the purpose of this
research is to establish an operational-level ranking of lean tools to provide greater access
for world-class performance.

It should be noted that the literature does not present a consensus on how to implement
the lean tools at the operational level to reach WCM. Pałucha (2012), Gajdzik (2013),
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Sukarma et al. (2014), Vargas et al. (2017) and Petrillo et al. (2018) report in their case studies
and empirical surveys various ways to apply lean tools to each WCM pillar. Moreover, in
their analyses, the authors do not describe the organizational gains that these tools present
directly or indirectly to other pillars, covering only the local gains.

Pałucha (2012) warns a high volume of management tools is involved in the system’s
implementation, making it difficult and time-consuming. It could also potentially generate
conflict in the organizational environment. Pałucha (2012) emphasizes that top-level
management must decide which tool to implement and mainly understand that the tools
have the potential to impact several processes.

In this aspect, the present paper contributes to the literature by complementing Pałucha’s
(2012) research and explaining how the lean tools generate positive impacts in theWCM pillars.

3. Research method
To achieve the objective proposed in this paper, the survey was conducted per Forza (2002).
The elaborated form was validated by means of a pretest completed by three specialists
in the area. This form is composed of demographic questions and a matrix that presents in
its columns the WCM pillars and in its lines the tools of the lean production system. Based
on judgment criteria, the respondents indicated in this matrix if they agreed that a positive
relationship between existed each row and column.

To guarantee the data’s validity and the respondents’ knowledge, the survey population
consisted of Brazilian researchers in research areas of production engineering. With the
support of ABEPRO (Brazilian Association of Production Engineering), qualitative and
quantitative data collection was conducted for one month ( June 2016) via e-mail. A total of
774 researchers were contacted, with 107 responses collected, of which 58 were complete
questionnaires (54.2 percent) and were considered for this study’s analysis. The response
rate is valid for the experimental planning, meeting a confidence level of 90 percent and a
margin of error of 10 percent.

The majority of respondents were research doctors (86 percent) and lecturers in higher
education institutions in the public sector (67 percent) with more than ten years of experience
(67 percent) conducting research focused on operations and production processes.

Based on the obtained data, statistics were used for the advancement of knowledge,
which is indispensable for researchers. In the present study, the collected data were
analyzed through grey relational analysis (GRA).

GRA is part of the grey system theory proposed by Professor Deng in 1982 to solve multi-
object problems with complicated interpellations between multiple factors and variables
(Liu et al., 2012). It deals with uncertain systems with information generated, excavated and
extracted from what is available (Liu et al., 2016). This methodology is used in several fields of
science because it aims to measure the level of similarity or difference between factors
(Kuo et al., 2008; Zheng et al., 2010; Dai et al., 2014). GRA includes four steps, namely:
construction of grey relational generating (GRG); definition of the ideal target sequence;
calculation of grey relational coefficients (εij); and calculation of the grey relational grade (R)
(Kuo et al., 2008). These steps are discussed in detail in the discussion of the results.

Based on Liu, Forrest and Yang (2012), the use of GRA is adequate in this research because it
takes into account that the data collected are characterized as incomplete because the
information about system behavior varies widely according to the respondent’s perception and
knowledge.We are also interested in determining an order regarding the importance of applying
lean tools, which are structured on various conceptual types regarding the WCM pillars.

4. Survey results
The data collected were tabulated using Microsoft Excel® software. Table II presents the
proportion of the research respondents’ judgment who agree positively about the
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relationship between the WCM pillars and the lean production system’s tools. For example,
in the relationship between the safety-hygiene and working pillar and the VSM tool, of the
58 questionnaires considered, 34.5 percent perceived a positive relationship between them,
that is, the use of VSM rises in connection with the pillar of safety-hygiene and working.

In addition, Table II highlights in gray the five lean production tools with the largest
percentages for each WCM pillar. These data are used as input for the GRA test.

4.1 Application of the GRA
The application of the GRA test in the areas of industrial engineering is restricted, lacking
details in the application procedure that would permit replication and technical exploitation
by researchers in studies like this one. Therefore, the next section highlights each stage and
its results in the statistical application.

4.1.1 Construction of GRG. The GRG calculation performs the performance translation
of all factors and is performed in a sequence of comparability in a process analogous to
normalization (Kuo et al., 2008). Huang and Liao (2003) point out that this process is
necessary when the sequence range is large enough to cause the influence of some factors to
be neglected. This calculation is made in reference to the WCM Pillars. Its value is
determined by dividing a tool’s average value by the highest average value between the
pillars under analysis (Equation (1)). In this way, the normalization of the WCM pillar is
based on the lean tool with the highest percentage (which gives the result of 1.000). The
other lean tools’ values indicate their representativeness as a function of the tool with the
highest average value:

GRG ijð Þ ¼
Average value of the tool ið Þ

Highest average value between pillar tools jð Þ (1)

For example, the relationship between the cost development pillar and the 5S tool has an
average of 29.3 percent (Table II), and the highest average value among all the cost
development pillar tools is 62.1 percent. The calculation of the GRG (5S tool, cost
development pillar) is 0.472. The other results of this step are presented in Table III.

4.1.2 Definition of ideal target sequence. From the matrix resulting from Table III, the
absolute difference (Δ) of the elements for optimal performance, (X0j ¼ 1) is calculated
according to the following equation:

Dij ¼ X 0j�Xij
�� �� (2)

In the previous example, Δ(5S,Cost Development)¼ |1-0.472|¼ 0.528. The remaining results of
this step are described in Table IV.

4.1.3 Calculation of grey relational coefficient (ε). In Table III, the values of Δ (max) and
Δ (min) are identified in the matrix, which is used to calculate the correlation coefficient
(Equation (3)). The coefficient of distinction ρ, which commonly varies from 0 to 1, is
attributed to the participating members’ knowledge and experience, 1 being the highest, 0.5
the average and 0 the lowest (Zheng et al., 2010). This research will follow the commonly
adopted value of ρ as 0.5 (Kuo et al., 2008; Dai et al., 2014; Zheng et al., 2010) because
although a majority of researchers work in the study area, it is not valid for the entire
population, and we had no control over the responses:

eij ¼
D min þr� D max
Dijþr� D max

(3)
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In the case of the data sample, the maximum value (Δmax) of 0.925 and the minimum value
(Δmin) of 0 were identified.

For the example in use (Equation 4):

e 5s;Cost Developmentð Þ ¼
0þ0:5� 1

0:528þ0:5� 1
¼ 0:467 (4)

The results obtained from Equation (3) are in Table V.
4.1.4 Calculation of gray relational grade (R). Once the grey relational coefficients (ε) are

established, the correlation calculus is performed (Equation (5)). At this point, the variables
under analysis are influenced by relative weights (ω) to weigh criteria of importance for the
analysis in question. These weights receive real values between 0 and 1, and the sum of the
weights is equal to 1:

rij ¼ oj � eij
� �

(5)

For the present research, the relative weight of the WCM pillar was determined by dividing
the pillar’s general average by the average for all the pillars. The result of the calculation is
presented in Table VI.

The established relative weights were applied in Equation 5. For the example in use,
r(5S, Cost Development)¼ 0.467×0.131¼ 0.061. The other values are expressed in Table VII.

Finally, to obtain a tool’s gray relational grade (R) result, the values of the columns
(Equation (6)) are added together:

Ri ¼
X24

i¼1

oj � eij
� �

: (6)

Therefore, to obtain the 5S tool’s grey relational grade (R), for example, we sum the results of
the ten WCM pillars, obtaining a total of 0.407.

The tools’ sums were ranked in decreasing order, showing, in the experts’ opinion, which
of the lean production system’s tools has the greatest impact on the WCM pillars, as shown
in Table VIII.

Table VIII shows the column frequency among the most indicated tools, which reflects
the number of times a lean production tool was among the five largest percentages
presented in Table I.

5. Discussion of the results
The results obtained from the use of GRA present an important coherence and logic to
conduct the application of lean tools in an organizational environment.

The VSM tool that obtained the highest index (0.6816) stood out according to the expert
respondents when we determined the indicator of greatest impact among the tools
evaluated based on the WCM pillars. The VSM is an important tool in the lean philosophy
because the symbols visually represent the flow of materials and information in the
organization and enables the calculation of several performance indicators associated
with cost, time, quality and flexibility, such as cycle time, setup time, availability, number
of operators, scrap rate, and lead time of activities that add value and do not add value.
This characteristic of the VSM tool makes it possible to positively leverage several WCM
pillars, allowing for the study of process improvements. In literature reviews conducted by
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Bhamu and Sangwan (2014) and Jasti and Kodali (2014), the VSM stands out, respectively,
as the 1st and 2nd lean tools of higher implementation frequency. This fact corroborates
the results of the expert judgment and emphasizes that although the use of the tool is
focused on the solution of a problem by the organization, it obtains positive impacts on
other factors that are not considered.

These process improvements, through the lean philosophy, can be carried out with the
kaizen tool, which took the 2nd position (kaizen) as a tool that makes it possible to leverage
the WCM pillars. Comparison with literature reviews on lean tools reveals the use of
kaizen with various frequencies (and hence, importance). In Jasti and Kodali’s (2014) study,
kaizen is the 3rd most frequently used tool, but in the surveys conducted by Bhamu and
Sangwan (2014) and Marodin and Saurin (2013), it falls into the intermediate range of use.
Kaizen is focused on and includes action-oriented events to solve a problem or implement an
improvement, driven by a logical structure. From the knowledge of a process’s current
state established by the VSM, kaizen emerges as an important tool for proposing and
implementing improvements in the future state.

TPM is the third tool of the lean production system that impacts the seven WCM pillars.
The TPM allows organizations to improve their global efficiency indicators through actions
to prevent failures, which allow for the improvement of equipment effectiveness and the
empowerment of employees. In studies by Bhamu and Sangwan (2014) and Marodin and
Saurin (2013), the TPM is the 4th tool and 3rd tool, respectively, and for Jasti and Kodali, it is
the tool with the thirteenth highest frequency of use.

With equipment presenting smaller failures and fewer stops, a positive scenario emerges
for the use of Six Sigma because it can eliminate variations and defects in the process
(Lameijer et al., 2016), helping reduce the number of defects and increase the financial benefit

Rank Lean production tools R Frequency among the most indicated

1 Value stream mapping 0.6816 8
2 Kaizen 0.4325 8
3 Total productive maintenance 0.4245 7
4 Six Sigma 0.4198 6
5 Standardization of operations 0.4186 6
6 5S 0.4068 7
7 Small lot size 0.4014 3
8 Cellular manufacturing 0.3578 3
9 Just in time 0.3491 5
10 Single minute exchange of die (SMED) 0.3432 2
11 Poka Yoke 0.3274 2
12 Kanban 0.3165 3
13 Lead time 0.3084 1
14 Takt-time 0.3079 3
15 Empowerment 0.3043 4
16 Total quality management 0.2914 1
17 Pull production 0.2900 1
18 Statistical process control 0.2865 1
19 Autonomation/Jidoka 0.2826 0
20 Visual management 0.2807 2
21 Concurrent engineering 0.2722 1
22 Multifunctional workforce 0.2710 1
23 Supply chain integration 0.2702 1
24 Group technology 0.2541 0
25 Production leveling 0.2446 0
Source: Prepared by the authors
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(Habidin and Yusof, 2013). It is therefore important to highlight that Six Sigma is
theoretically considered an administrative strategy and not a lean tool (Drohomeretski et al.,
2014). In the lean tool survey studies used here as a comparative basis, the use of Six Sigma
was not included.

The elimination of process variations involves the establishment of work standards
(5th tool), which give employees easy access to the production stages, tools and parts needed
to produce the desired good or service (Liker, 2003). The knowledge gathered from all the
chain’s stages allows for the process’s stabilization (fundamental to the success of Six
Sigma) and action on the flow, proposing improvements.

5S emerges as a sixth highlight. Although it has a positive impact on a larger number of
pillars (seven) than Six Sigma and standardized work (six pillars), its impact is considered
inferior to those from the GRA calculation. 5S is a tool that emphasizes awareness of the
importance of organization and cleanliness in the workplace and positively impacts the
success of the tools listed above.

Table IX presents the six best performing (1st quartile) lean production tools from the
GRA calculation. The gray-top relationships between tool × pillar previously presented in
Table II are presented in gray. It is noteworthy that the use of these six lean tools broadly
serves WCM pillars, contributing in a meaningful way to the organizational performance.
Each of the pillars, except for logistics and quality control, would have a positive impact on
at least four of the six main tools highlighted by the GRA calculation.

The quality control pillar is impacted by three of the six main tools, and the logistics
pillar is positively impacted by the two main tools highlighted by the GRA calculation.

It should be noted that important tools of lean production, such as kanban,
autonomation/jidoka, simultaneous engineering, group technology and production
leveling were not present in this research from the respondents’ point of
view and by the statistics employed in their calculation. However, their absence should
not result in their exclusion of their use; rather, they are merely of less significance than
the others. Sundar et al. (2014) pointed out that in practice, the organization focuses on
only a few aspects of lean elements such as cellular manufacturing, pull system,
production leveling and others for their contributions to manufacturing system success.
This finding contributes to a restricted view of the use of lean tools and
gains in other areas of the organization. We surpassed this fact by conducting an
analysis of lean tools’ impact on the various WCM pillars, allowing researchers to reflect
beyond the point of use.

6. Conclusion
This research stands out in the field of operations management and specifically in the
research on lean production by making use of the theory of the grey correlation system in
an innovative and original way. This theory proved to be adequate to analyze the data
resulting from a survey conducted with Brazilian researchers that work on the research
theme and allowed us to connect two administrative strategies (lean production and
WCM) that stand out in the literature, which was important because joint theoretical
studies are scarce.

The VSM, kaizen, TPM, Six Sigma, standardization of operations and 5S tools stood out
in the analysis conducted by obtaining high (R) indicators and by positively and jointly
impacting a large number of WCM pillars.

Finally, it should be pointed out that although this work provides guidance on which
lean production tools result in a greater impact on the WCM pillars, it is up to each
organization, as Karim and Arif-Uz-Zaman (2013) point out, to determine which tool will be
used because this factor depends on each organization’s specific manufacturing process,
and not all of them can or do fit all types of organizational environments.
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