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Abstract. Six sigma method widely applied in production and service businesses is known
as a project-oriented method. In six sigma method, selection of the prior project among
others can be considered as a multi -criteria decision making problem. The conducted
literature review has revealed that there is a large number of methods to select six sigma
projects. It is more appropriate to use fuzzy multi-criteria decision making methods in
project selection since evaluation criteria of six sigma projects include uncertainties. The
aim of this study is to select the most appropriate project as a result of evaluating the
projects by Fuzzy VIKOR, Fuzzy TOPSIS and Fuzzy COPRAS as methods of fuzzy
multicriteria decision-making and integrating the ranking scores obtained from each
method by Copeland method. The proposed method has been implemented in a large scale
production company, operating in Aydin ASTIM Organized Industrial Zone.

Keywords. Six Sigma Projects, Fuzzy VIKOR, Fuzzy TOPSIS, Fuzzy COPRAS, Fuzzy
AHP, Copeland Method.

JEL. M11, C44, 120, C02, D70, 022.

Highlights

* The decision-making process has transformed to an even more complex structure from
the existence of humankind to the present day because of the multiplicity of options. In
this direction, integration with fuzzy logic in order to maximize the contributing elements
of the multi-criteria decision making techniques further increases the efficiency further in
decision making. These are included in the literature as "fuzzy multi-criteria decision
making techniques" and have been used in many studies.

The purpose of this study was to select the most suitable project by using Copeland
ordering method to integrate fuzzy VIKOR, fuzzy TOPSIS and fuzzy COPRAS methods,
which are among the fuzzy multi-criteria decision making techniques, from six sigma
projects. The evaluation of the projects could become possible with the aid of the criteria,
which are the basis of the methods, and the weight of these criteria. In the literature, it is
possible to find the studies that reveal the weights of criteria within the frame of fuzzy
logic. In this study, the weights of the criteria were determined by using fuzzy AHP
method and weights of the criteria obtained from the fuzzy AHP at the project evaluation
stage were used in fuzzy VIKOR, fuzzy TOPSIS and fuzzy COPRAS.

Each project was evaluated by verbal variables by the decision makers also taking the
criteria into consideration. Verbal variables belonging to each decision maker were
transformed into fuzzy triangular numbers, and then merging operation was performed by
considering decision maker weights to form a single decision matrix. Thus, a single fuzzy
decision matrix of all decision makers was obtained. The combined fuzzy decision matrix
was evaluated by fuzzy VIKOR, fuzzy TOPSIS and fuzzy COPRAS method, and project
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orderings for each method were obtained separately. The integration of the orderings
obtained from all three methods by using the Copeland method was provided and the six
sigma project having the highest score in the new order was reported to the top
management reporting that it should primarily be put into practice.

Summary

any large-scale enterprises in the production and service sectors use six
Msigma as a process improvement method. Six sigma is a project-based

method. For this reason, successful results can be obtained by focusing

on the improvements for a single process. However, every six sigma
project cannot achieve the desired success and there are numerous factors in this
failure. The most important of these factors is the six sigma projects selected at the
wrong time and without considering the priority order. The most important of these
is the six sigma projects selected at the wrong time and without considering the
priority order. Since the implementation of a project when it is not needed will
cause high costs and the motivation loss of employees, the selection of the project
to be considered primarily among the possible projects undertake a key role in
success.

There are many evaluation and selection methods for six sigma project in the
literature. Almost all of them evaluate six sigma projects with the assumption that
certain information is obtained. However, it cannot provide a solution suggestion in
cases where the project evaluation criteria are fuzzy. It may be more appropriate to
use fuzzy logic, suggested by Zadeh (1965), in the evaluation phases of the projects
since it is known to be closer to the approximate thinking style rather than thinking
based on exact values. In addition, it was observed in numerous studies that the
projects are evaluated in the framework of fuzzy logic and positive results are
obtained.

In this study, since six sigma project evaluation criteria contain uncertainty, it
has been found appropriate to use fuzzy logic and fuzzy multi-criteria decision
making methods in project selection, which are the closest method to human
thinking style. In the implementation work, it was aimed to evaluate the projects
with the help of fuzzy multi criteria decision making techniques integrated with the
Copeland method and to select the project that will provide the highest contribution
to the enterprise.

In the implementation work, the selection of a large-scale company was
important for the reliability of the study. Therefore, HAUS the company of
centrifugal technologies located in Aydin ASTIM Organized Industrial Zone was
selected. The long history, corporate and financial structure, and importance to
quality studies of the company, and most importantly, its propensity for six sigma
philosophy were also the reasons for selecting HAUS. HAUS company produces
11 kinds of products. The study was carried out on the 353 series decanters which
are sold by company at most. The implementation work was carried out by
following a three-step process.

The Phase of Determination of Decision-makers and Decision-Making Weights

The weights of decision makers in the study were determined by using fuzzy
logic. Firstly, the Decision-Making Assessment Committee (DMAC) was
established to determine and weight decision-makers. The committee members
determined by the plant manager were determined as "Plant Manager", "Production
Planning Manager" and "Human Resources Manager". From DMAC, each decision
maker was asked to determine the influence level in the decisions by verbal
variables. A triangular fuzzy decision matrix integrated from the membership
functions determined by DMAC for each decision maker was obtained and the
decision maker weights were obtained after the refinement and normalization
processes. The weights of each decision maker were used in the phase of
determining the criterion weights after this phase and in the project evaluation
phase.

Determination Phase of Criteria and Criteria Weights
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For the selection of six sigma projects, 15 criteria were determined as
"Accessing to the Information", "Value Effect", "Financial Return", "Cost
Reduction", "Employee Motivation", "Customer Satisfaction", "Learning and
Development", "Measurability", "Project Cost", "Project Duration", "Sigma
Level", "Eligibility", "Efficiency" and "Feasibility" in this study. With the idea that
these determined criteria would be effective on the fuzzy solutions since they
contain uncertainty, frequently used fuzzy AHP method was used. By using the
extent analysis method, 15 criteria were evaluated by considering the weight of the
decision makers. These obtained values were prepared to be used as weights of
criteria in the evaluation of the projects with fuzzy TOPSIS, fuzzy VIKOR and
fuzzy COPRAS methods.

Evaluation Phase of the Projects

After the interviews with 13 decision makers, it was concluded that 11 projects
that will eliminate the main problems encountered in 353 series decanters should
be put into practice. The projects considered to have low contribution were not
included in the study. The projects were determined as; “Reducing Vibration
Values ","Reduction of Noise Level ","Reduction of Rework Operations",
"Increasing Product Performances", "Reduction of Electricity Consumption of the
Product", "Removal of Spiral Errors", "Elimination of Balance Errors",
"Improvement of Internal Logistics Activities", "Increasing the Production
Capacity", "Reduction of Semi-Finished Stocks", and "Decreasing Set-Up Times".

The evaluation of the determined projects according to the criteria was also
done with the help of verbal variables. For this, each decision maker expressed the
effects of the projects on the criteria with the verbal variables of "very little",
"little", " medium little ", "medium", "medium much", "much" and "very much";
then the fuzzy decision matrices of each decision maker were combined to be a
single fuzzy matrix. The resultant combined fuzzy decision matrix was evaluated in
fuzzy VIKOR, fuzzy TOPSIS and fuzzy COPRAS methods and different orderings
were obtained in each method. The Copeland ordering method, which is included
in the voting methods, was used to integrate the orderings obtained from all three
methods as a single ordering. Thus, in the new ordering obtained as a result of the
integration of the fuzzy VIKOR, fuzzy TOPSIS and fuzzy COPRAS methods,
examined in this study, by using the Copeland method, it was concluded that the
project "Reduction of Vibration Values" should be a priority project.

The presence of different calculations techniques for the fuzzy multi-criteria
decision making methods in the literature may lead to obtain different results. From
the methods examined in the study, the fuzzy VIKOR lists the alternatives by
making comparisons according to the proximity measure to the ideal alternative.
The fuzzy TOPSIS method lists the points that are the closest to the fuzzy positive
ideal solution and the farthest to the fuzzy negative ideal solution. The fuzzy
COPRAS method evaluates alternatives by listing them step by step in terms of
importance and utility degrees.

As a result of the performed evaluations, it could be observed that the project
orderings of all three methods were different. When the evaluation results were
examined, it was found that while a decision maker who preferred fuzzy VIKOR or
fuzzy COPRAS methods selected the "Reduction of Vibration Values " project,
which was in the first place in the ordering; a decision maker who preferred the
fuzzy TOPSIS method would choose the " Elimination of Balance Errors" project,
which was in the first place in the ordering. Having different orders between
methods causes decision makers to feel insecure about the methods. This situation
pushes the decision maker to ask the question "which project should I choose by
which method?" in addition to the question "which project should I choose?". To
eliminate this anxiety, the advantages and disadvantages of fuzzy multi-criteria
decision making methods were integrated into a single order by blending them with
the Copeland ordering method. Thus, the orderings obtained by the integration of
the methods with Copeland gave more confidence to the decision makers.
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In this study, only three fuzzy multi-criteria decision making methods were
examined because of time constraints and they were integrated with Copeland
ordering method. Researchers will be able to obtain more different information and
results by integrating more fuzzy multi-criteria decision-making methods with the
Copeland ordering method in future studies.
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