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Reducing product returns through the Six Sigma method in a supermarket
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Abstract

The intense competition in many sectors in recent years has led businesses to seek process improvement methods. While
businesses that desire to be ahead of their competitors often try to reduce costs by improving operations in production,
they focus on customer satisfaction in the service sector. Increasing customer satisfaction is quite significant because it
not only ensures customer loyalty but also increases the number of customers. The Six Sigma method is mostly preferred
by large corporate companies. However, in this study, a simple framework is proposed for businesses whose resources
are not very large. To this end, the Six Sigma method was implemented to reduce product returns from corporate
customers in a large-scale supermarket in Sanlhurfa. The potential causes of defects were determined by following the
steps involved in the Six Sigma method, and the collected data were analyzed. By analyzing the collected data covering
the reasons for product returns, the factors that came to the fore were matched with the potential causes determined by
brainstorming. The two root causes deeply that affected the product returns from corporate customers were the insufficient
training of the staff taking the orders and the lack of an order form. These two root causes accounted for 61% of the total
product returns. Then some improvement actions were taken to reduce the product returns, and a monitoring system was
established to ensure sustainability.

Keywords: Customer satisfaction, Process improvement, Return rate, Six sigma, Supermarket

Oz

Son dénemlerde bir¢ok sektorde yasanan rekabet artisi, isletmelerin siireg iyilestirme arayiglarinin da artmasina neden
olmugtur. Rakiplerinden dnde olmak isteyen firmalar, iiretim sektériinde genellikle operasyonlarda iyilestirme yaparak
maliyetleri azaltma yoniinde arayislara girerken, hizmet sektoriinde ise daha ¢ok miisteri memnuniyeti iizerine ¢alismalar
yapmaktadirlar. Miisteri memnuniyetinin artmast hem miisterileri kalici hale getirmek hem de miisteri sayisini artirmak
agisindan olduk¢a onemlidir. Alti Sigma yontemi daha ¢ok, biiyiik kurumsal sirketlerde tercih edilmektedir. Ancak bu
calismada kaynaklart ¢ok genis olmayan isletmeler icin basit bir ¢erceve onerilmistir. Bu amagla Sanlwrfa’daki biiyiik
capl bir siipermarkette kurumsal miisterilerden gelen iiriin iadelerini azaltmak icin Alti Sigma yontemi uygulanmigtir.
Altr Sigma yonteminin adimlart kullamilarak potansiyel hata nedenleri belirlenmis, toplanan verilerin analizleri
yapimistir. lade nedenlerini kapsayan, toplanan verilerin analiz edilmesiyle 6n plana ¢ikan faktorler beyin firtinast ile
belirlenen potansiyel hata nedenleriyle eslestirildi. Kurumsal miisterilerden gelen iiriin iadelerini derinden etkileyen iki
kok neden, siparis alan personelin yetersiz egitimi ve siparis formunun olmamasidir. Bu iki kok neden toplam iiriin
iadelerinin %61 ’ini olusturmustur. Uygulama sonunda tiriin iadelerini azaltmak i¢in bazi iyilestirme aksiyonlart alinmig
ve stirdiiriilebilirligi saglamak icin izleme sistemi kurulmugtur.
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1. Introduction

The increase in competition has recently forced organizations to be more efficient in the production and service
sectors. Manufacturing companies aim to use resources efficiently, reduce costs and produce higher-quality
products by improving their production processes. Service companies, on the other hand, aim to decrease the
cycle times, thereby increasing customer satisfaction (Akarslan, 2003). One of the methods used to achieve
these objectives is the Six Sigma method.

This method was first introduced in 1985 by Bill Smith, an engineer at Motorola company. Later, Motorola
branded the term “Six Sigma” in 1987 (Vivekananthamoorthy, 2011). Over time, Six Sigma has been
developed and used as a solution method in a variety of process improvement problems, and it has become
widespread in other sectors (Avunduk, 2019). This problem-solving method involves five steps: Define,
Measure, Analyze, Improve, and Control (DMAIC). It aims to go beyond customers' needs and expectations
by achieving a defect rate of lower than 3.4 per million while solving problems. This defect rate helps us
understand how the Six Sigma method handles quality.

Six Sigma is a method of continuous improvement. This method could directly or indirectly help obtain many
positive results, such as reducing defects, costs and processing times, while increasing productivity and
efficiency, along with increasing market share (Akarslan, 2003). Therefore, the use of this method has become
increasingly widespread since 1985. Reviews on the Six Sigma method reveal that it is widely used,
particularly in the production sector, and it has many implementations in the service sector.

Researchers have used the Six Sigma methodology for various purposes, such as to minimize residues in the
process of radial forging (Sahoo et al., 2008), to improve paint defects in a wheel rim manufacturing company
(Tezsiirtici & Tunail, 2010) and to increase energy efficiency in the distillation unit of a naphtha conversion
plant (Falconetal., 2012). Srinivasan et al. (2014) used it to reduce defects in the spray-painting process during
the production of shock absorbers. They increased the sigma level from 3.31 to 4.5. Srinivasan et al. (2014)
used the Six Sigma method to increase the efficiency of the tube heat exchanger in a furnace manufacturing
company. The results indicated that the measured performance was increased by approximately 9%. Erbiyik
and Saru (2015) used Six Sigma in the supply chain of an automotive supplier company. Pugna et al. (2016)
used it to improve the assembly process in an automotive company. In this way, defects in the riveting process
were reduced by 40%. By ensuring the selection of the ideal supplier, defects were reduced by 30%.
Nedeliakova et al. (2017) used the Six Sigma method to ensure process improvement and increase customer
satisfaction in railway companies. Smetkowska and Mrugalska (2018) took the Six Sigma DMAIC approach
to improve quality and customer satisfaction in manufacturing process. Hakimi et al. (2018) improved the
production quality by determining the optimum settings by using the DMAIC approach in yogurt production
processes.

Adopting a case study approach in the automotive industry, Gerger and Demir (2010) used the Lean Six Sigma
method, an enriched version of Six Sigma with Lean Manufacturing techniques, to increase customer
satisfaction and prevent waste in an after-sales services department. Using Lean Six Sigma, Franchetti and
Barnala (2013) increased productivity by reducing various non-value-added processes in a recycling company.
Likewise, Indrawati and Ridwansyah (2015) used it to eliminate some problems which are encountered as a
factor that causes the production target not to be achieved in the production process in the iron ore industry,
and Avunduk (2019) used it to improve the processes in a PET blow molding machine. Schmidt (2019) used
the same method to get rid of the problems in fume hoods that protect researchers working in a laboratory
environment from dangerous fumes. The results indicated that an improvement of 65% was achieved.

Studies on Six Sigma are carried out not only in the production sector but also in the service sector. Pathiratne
et al. (2018) investigated critical success factors in Six Sigma implementations in the service and
manufacturing industries. They emphasized that although the production sector has been a major ground for
Six Sigma implementations, this method is also quite important for the service sector. Many Six Sigma studies
have been completed in the service sector (Yiiksel, 2012). As cited by Yiiksel (2012), Cherry and Seshadri
(2000) conducted a Six Sigma study in the radiology unit of a hospital. The results of the study revealed that
the defects and thus the costs in MR processes were significantly reduced. Wyper and Harrison (2000) used
the Six Sigma method to improve the human resources management of an engineering company serving in
many locations around the globe. The basic principle was to employ the right person at the right place and time
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by paying the right amount of money. Snee (2006) used the Six Sigma method to reduce printing defects in
newspapers. It reduced the costs by minimizing the rate of possible rework due to defects.

Ratnaningtyas and Surendro (2013) used this method to improve the quality of a hospital information system
to increase patient satisfaction. Tagge et al. (2017) increased efficiency in a children's hospital using the Lean
Six Sigma methodology. This increase in efficiency helped reduce the cycle time from 41 minutes to 32
minutes and the return time from 81.5 minutes to 71 minutes. Hussein et al. (2017) aimed to reduce the crowd
in the emergency department in hospitals by minimizing the waiting time. They used Six Sigma tools to
increase patient satisfaction. Riggle et al. (2018) used the Six Sigma method for the improvement of a code
response system of a hospital. Thus, they reconfigured the code response system to reduce unnecessary noise
factors and the amount of confusion. Using the Six Sigma method, Mitreva and Kirovski (2021) improved the
work processes of the clinical microbiology unit in a public hospital in the Republic of North Macedonia.

Maleyeff (2007) showed that the Six Sigma method can also be used in public corporations. The author reports
that the processing times during tax collection in the city of Hartford in the USA were reduced using Six
Sigma. In a case study of a business in the tourism sector, Cengiz and Senger (2018) increased the service
quality of the business by using the Six Sigma method. Sommer and Blumenthal (2019) used Lean
Manufacturing and Six Sigma techniques to improve processes in an eye health clinic, involving cataract and
laser capsulotomy operations, ophthalmic emergency room use, and clinical patient flow. Although the studies
using the Six Sigma method in the service sector have increased, particularly after 2000, according to our best
knowledge only one study has been encountered on supermarket processes in the reviewed literature. In that
study, Aiseoglu and Karagizmeli (2022) reduced the stock levels of a supermarket using the Six Sigma method.

Sreedharan and Raju (2016) stated that 82 of 235 articles, which they reviewed, the use of Lean Six Sigma,
belonged to the service industry. However, there were no studies on supermarkets among them. Similarly,
Prakash et al. (2022) reviewed 253 articles published in the literature; 63 of them belonged to service industry
applications, but none of them focused on supermarkets.

The Six Sigma method is applicable to all sectors. Therefore, successful implementation examples in different
sectors will encourage managers and researchers for new studies. Scientific methods like Six Sigma are
generally used in corporate companies where there are ample resources. This study aims to present a simple
framework for how to improve the processes through the Six Sigma method in a non-corporate supermarket.
In addition, it also aims to demonstrate that small and medium-sized enterprises can improve their processes
by using such scientific methods and that there is no need for large investments to do this. This study will
encourage potential users to implement Six Sigma and similar methods.

Using the Six Sigma method, this study aimed to improve the sales processes for corporate customers in a
large-scale supermarket in Sanlurfa. Ray and Das (2010) noted that project selection is very important in Six
Sigma studies. They further emphasized that success can be achieved, particularly through the support and
guidance of the top management. According to the supermarket managers involved in this study, corporate
customers' return requests have recently increased at alarming rates, and this has had a negative impact on
customer satisfaction. By implementing the steps in the Six Sigma method, the reasons for product returns
from corporate customers were extensively investigated. The study also aimed to develop solutions that could
eliminate or reduce the identified defects, thereby increasing customer satisfaction.

The next section provides information on the method used; the third section presents the implementation of
the method with the results, and the conclusion summarizes the results of the study and offers suggestions for
prospective studies.

2. Material and methods

The supermarket, where the study was conducted, is built on an area of 5000 m?. It has a large area for a local
market. The supermarket is operated at a single center. It has no other branches. It involves both wholesale
and retail sales. The supermarket has a wide range of products from food and beverages to cleaning products,
from frozen products to dry foods, from stationery products to glassware and cosmetics.
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At the onset of the study, the problem was defined in collaboration with the process owner, and the scope of
the study was defined. It was clear that the supermarket managers wanted to increase corporate sales as a
management strategy to increase profitability and ensure sustainable growth. Therefore, the orders from
corporate customers and delivery processes were specifically monitored. A major problem experienced in the
supermarket at the time was the increase in the product returns from corporate customers. Recently, an average
of 1000 USD/month product return has been made. The management team wanted to use the Six Sigma method
to find a long-term solution to the problem because they were not sure about the causes of this problem.

Preliminary Detailed data

. Taking action Monitoring system
assessment analysis

Team building

The identification

Brainstorming Data collection )
of root causes

Figure 1. Phases in the study

The phases in the study are illustrated in Figure 1. In the Define phase, first of all, a study team was established,
with employees in the units related to the process in which the problem was experienced. The study team
consisted of six people: corporate sales manager as Six Sigma project leader, corporate sales specialist,
purchasing specialist, warehouse specialist, accounting officer and a senior delivery man. Initially, the name
and scope of the study were clarified. Potential root causes were identified by a brainstorming session with the
study team. Then, the root causes were evaluated based on their importance (1 point: not important at all, 10
points: very important), and they were ranked using their cumulative level of importance.

After the “define” phase, the necessary data were collected for the second phase which involved measuring.
The supermarket where the study was conducted had been selling its products to corporate customers since
2018. The information about the returned products from corporate customers in 2020 and during the first half
of 2021 was obtained through the software used by the supermarket. The corporate customers who returned
the products were also taken into account. However, no records were kept as to why the products were returned.
For this reason, a return registration form was prepared and filled out for each return process. Thus, from then
on, it was possible to examine the accumulated causes of the returns.

In the “analyze” phase, the data collected during the “measure” phase were analyzed based on products,
product groups, brands, customers, and the interaction of these with each other. Then, the operational defects
causing the returns were identified and associated with the root causes, and the most influential causes were
pinpointed. In the “improve” phase, actions were planned to eliminate the identified operational defects that
led to the return of orders from corporate customers. Finally, during the “control” phase, an order-delivery
monitoring system was presented to help the process owner understand the benefits of improvement actions
and ensure their sustainability.

Six Sigma studies are often associated with detailed statistical analysis, yet it does not always have to be so.
Prakash et al. (2022) stated that in 66% of the 253 Six Sigma studies they examined, the research design was
qualitative. In the present study, no detailed and advanced statistical analyses were used. Instead, the DMAIC
steps were followed to identify problems through highly practical and easy-to-use tools. Therefore, the DMAIC
steps in Figure 1 can be followed in all businesses in which there are limited human and data resources, along
with tight budgets.

3. Implementation of the Six Sigma method
In this section, the implementation of the DMAIC steps in the supermarket is discussed together with its results.
3.1. The “define” phase

The supermarket where the study was conducted had been selling its products to corporate customers since
2018. Its total amount of sales to corporate customers in 2020 and the first half of 2021 and the number of
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product returns from these customers were compared, and some striking results were obtained. As seen in
Figure 2, in the first half of 2021, the product returns from corporate customers increased approximately 15
times compared to those of the previous year. This shows how critical the problem is and how vital this study
is for the supermarket.
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Figure 2. The rate of product returns from corporate customers

To investigate the causes of the product returns from corporate customers, the potential root causes obtained
in the brainstorming session with the study team were ranked from the most significant to the least significant
according to their total level of importance. According to the potential causes presented in Table 1, the first of
the two root causes that most severely affected the product returns was the lack of a regular order form, and
the second was the confusing orders from different customers.

Table 1. The potential root causes of the problem

Number  Root causes Score
1 The lack of a regularly used order form 29

2 Confusing orders from different customers 24

3 The fact that the staff issuing the invoices are not adequately trained 17

4 Insufficient training of the staff who deal with orders 13

5 Inability to track the products 13

6 Insufficient size of the delivery vehicle 13

7 Insufficient training of the staff in charge of purchasing 12

8 The staff’s being inadequately trained in organizing the products 7

9 The delivery personnel’s not being adequately trained 5

3.2. The “measure” phase

The product returns from corporate customers were categorized according to the type of products to investigate
whether the order returns were related to the product type. Figure 3 presents the product return rates by product
type. In the measured period, the product returns were seen in 22 product types. No classification was made
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for these product types. For example, the product type may be rice or washing machine detergent. Product 1
had a higher order return rate than the other products. After examining the detail of the orders, it was
understood that this higher order return rate was a problem of delivery over customer demand. It was also seen
that the expiry date was relatively important, but there were no perishable products or product-related defects.
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Figure 3. The product return rates by product types

The rates of customer-based product returns were calculated using the returns from all corporate customers.
As seen in Figure 4, the customer who returned the highest number of products is customer A. After a closer
examination, it was seen that there was no obvious customer-based trend or problem. The supermarket had 12
corporate customers. However, it was observed that product returns were seen in all corporate customers.
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Figure 4. The rates of the product returns from corporate customers
3.3. The “analyze” phase
The reasons for the product returns, which were first recorded at the beginning of the present study, were

analyzed when the number of product returns reached a particular quantity. Figure 5 shows the reasons for the
returns based on the product return rates. It was observed that the reason for the return of approximately half
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of the products by corporate customers was lower/higher quality expectations. In other words, the results
indicated that a major problem was sending a lower-quality product when the customer expected a higher-
quality product or vice versa. Further investigations revealed that some customers did not specify the brand
information during the order, so the staff who prepared the order sent any brand to the customer for a particular
product. While some customers disregarded this, it was understood that some others either found the product
to be of poorer quality or higher quality than they desired and returned it.
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Figure 5. The reasons for product returns by the rates of the total price of the returned orders

In the rest of the study, the reasons for the product returns were associated with the potential root causes
suggested during the brainstorming session. The results are presented in Table 2. The rates of product returns
caused by each root cause are provided in Figure 6. According to the results in Figure 6, it is seen that the root
causes most deeply affecting the product returns from corporate customers were “the staff in charge of taking
orders are not sufficiently trained (Number 4)" and "“the lack of an order form (Number 1)".

Table 2. The reasons for the product returns and the root causes

The reasons for the product returns Root causes
Lower/higher expectations of quality 1,4

Errors in quantity during delivery 2,4,9

The delivery of a different brand 1,2,4,9
Errors in prices 3

Errors in billing 2,3

A mismatch in packaging size 1,2,4
Defective product 56,789
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Figure 6. The total rates of product returns caused by root causes
3.4. The “improve” phase

The results of the analysis were examined by the study team, and improvement actions were taken to reduce
the product returns from corporate customers. The planned actions are presented in Table 3.

Table 3. Actions for improvement

Root causes Actions for improvement

1 Preparing order forms and writing instructions for their use

2 Planning the ordering processes

3,4,7,8,9 Making training plans

5 Making a layout plan for the warehouse

6 Planning the distribution of orders (the selection of suitable vehicles)

In the supermarket where the study was conducted, the lack of a regularly used order form was one of the root
causes that most seriously increased the product returns from corporate customers. A sample order form is
presented in Figure 7. The order form should contain all kinds of distinguishing information so as not to cause
any confusion while taking and delivering the orders. However, only preparing the form is not enough. The
task of filling out the form must be added to the standard work instructions.

The supermarket sector is one of the sectors where the staffing turnover rate is relatively high. Although the
work hardly requires many qualifications, it is necessary to have and implement standard training plans. As
the results of the study and the identified root causes indicated, the employees, who take orders, issue invoices,
deal with delivery processes and manage purchases, were not adequately trained. Therefore, newly employed
staff must be provided with adequate training. In order to obtain the expected benefit from the training efforts,
there should be no untrained personnel, training should be offered regularly, and additional trainings should
be given at certain periods. In order to achieve all these, it is necessary to employ a training officer.

It is known that there is often no planning regarding the ordering processes in the supermarket, and orders can
be taken at any time. The supermarket, where the study was carried out, is very busy, particularly at weekends,
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so this may have caused the staff in charge of the orders to confuse the orders. Therefore, planning was made
regarding the order and delivery processes for corporate customers:

- Orders can be delivered after 12:00 o’clock, three days a week; that is, on Monday, Wednesday, and
Friday.

- The orders to be delivered on a particular day must be notified to the supermarket by 11:00 on that
day at the latest; otherwise, the customer must wait for the next delivery day.

- If there are urgent orders for the weekend, the urgent delivery team can deliver orders of a maximum
of 50 kilograms or 50 liters. Otherwise, the customers must come and buy the products themselves.

It is not easy to direct customers in this way in the supermarket. However, it may be possible to introduce some
sales strategies into the desired work plan, such as special discounts and gifts. If the customer is satisfied with
additional benefits, he/she will get used to the system in a short time.

Order Form
Date
Customer
Product name Requested brand Quantity Unit Volume/Weight per unit
Address of customer Person in charge
Contact person
Signature
Contact’s phone

Figure 7. A sample order form
3.5. The “control” phase

At the outset of the study, a system was established to keep track of the reasons for product returns. With the
implementation of the improvement actions, a monitoring plan was created to keep track of the reasons for the
product returns, the return rates and the sustainability of the actions. As can be seen in Table 4, it is
recommended that four items be regularly prepared by the corporate sales department and reported to the
supermarket managers.

Table 4. The monitoring plan

The item to be monitored The frequency of monitoring
The returns by reasons Monthly

Product-based returns Monthly

Product group-based returns Monthly

Customer-based returns Weekly
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After the improvements were made, there was a significant decrease in the product return rate. As seen in
Figure 8, the product return rate, which had increased to 29% before the study, followed a downward trend
during the study. The product return rate decreased to 10% at the end of approximately 4 months. After the
improved system was in place, it was observed that the product return rate decreased to approximately 4%.
According to the 2-Proportions test, the p value was 0.000. In other words, the decrease in the product return
rate is also statistically significant.
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Figure 8. The rate of product returns before and after the study
4. Conclusion

This study was carried out to reduce product returns from corporate supermarket customers by using the Six
Sigma method. The results indicated that the two root causes that affected the returns from corporate customers
deeply were the insufficient training of the staff taking the orders and the lack of an order form. These two
root causes accounted for 61% of the total product returns. Some actions for improvement were suggested to
the supermarket managers, and they were put into practice. Thus, the product return rate fell to 10% at the end
of the study.

The results obtained in this study could be considered as a notable example for the whole retail sector,
particularly for supermarkets. For instance, Arya and Jain (2014) shortened transaction times and achieved
significant profits by applying Kaizen in a small business without incurring large expenditures. In this study,
the product return rate, which causes customer dissatisfaction and negatively affects costs, was reduced to 4%
without making any investments. The economic loss caused by product returns to the supermarket has easy
and difficult parts to calculate. The amount of the returned product is a turnover loss and can be easily
calculated. There may be products that are damaged during transportation and become waste. These can also
be calculated if followed well. However, it is not easy to calculate the cost of situations such as loss of time in
terms of labor, transportation costs, and customer loss. With the improvements made, product returns in this
study were reduced by an average of 850 USD/month. Six Sigma studies are commonly known to be
challenging and costly to carry out, especially for small and medium-sized enterprises in the service and
production sectors with limited resources. The results could encourage such businesses to use Six Sigma and
other scientific methods.

Tjahjono etal. (2010) noted that although Six Sigma is quite well known in large organizations, its applications
in the service sector and small organizations need to be further investigated. Future researchers can address
such issues as the planning of warehouse layout and order distribution, regarding the inability to track the
product in the warehouse and the size of the distribution vehicle, which were among the root causes with
limited impact in this study. In addition, further studies can be carried out on online ordering systems.

94



Celik and Karagizmeli, 2024 « Volume 14  [ssue 1 » Page 85-97

Author contribution

Author Ayse Celik studied in the design, operational implementation and analysis phases and article writing
phase of this study. Author Izzettin Hakan Karacizmeli studied in the design and analysis phases of the study.
He acted as a consultant to the implementation phase. He studied during the writing phase of the article and he
has made the article ready for scientific review.

Declaration of ethical code

The authors of this article declare that the materials and methods used in this study do not require ethical
committee approval and/or legal-specific permission.

Conflicts of interest
The authors declare that there is no conflict of interest.
References

Aiseoglu, S., & Karacizmeli, .H. (2022). Reducing inventory levels in a supermarket through the Six Sigma method.
Bitlis Eren University Journal of Science, 11(3), 828-835. https://doi.org/10.17798/bitlisfen.1122251

Akarslan, B. (2003). Six Sigma method and an implementation of the method [MSc Thesis, Istanbul Technical University
Graduate School Industrial Engineering Department].

Arya, A.K., & Jain, S.K. (2014). Impacts of Kaizen in a small-scale industry of India; A case study. International Journal
of Lean Six Sigma, 5(1), 22-44. https://doi.org/10.1108/1JLSS-03-2013-0019

Avunduk, H. (2019). Yalin Alt1 Sigma: Bir pet sisirme makinesinde siireg iyilestirme uygulamasi. Electronic Journal of
Social Sciences, 18(70), 633-653. https://doi.org/10.17755/esosder.428802

Cengiz, O., & Senger, O. (2018). Hizmet sektoriinde Alt1 Sigma kalite felsefesinin uygulanmasi: Bir turizm isletmesi
ornegi. Alphanumeric Journal, 6(1), 151-176. https://doi.org/10.17093/alphanumeric.396671

Cherry, J., & Seshadri, S. (2000). Six Sigma: Using statistics to reduce process variability and costs in radiology.
Radiology Management, 22, 42-49.

Erbiyik, H., & Saru, M. (2015). Six Sigma implementations in supply chain: An application for an automotive subsidiary
industry in Bursa in Turkey. Procedia-Social and Behavioral Sciences, 195, 2556-2565.
https://doi.org/10.1016/j.sbspro.2015.06.447

Falcon, R. G., Alonso, D. V., Fernandez, L. M. G., & Peres-Lombard, L. (2012). Improving energy efficiency in a naphtha
reforming plant using Six Sigma methodology. Fuel Processing Technology, 103, 110-116.
https://doi.org/10.1016/j.fuproc.2011.07.010

Franchetti, M., & Barnala, P. (2013). Lean Six Sigma at a material recovery facility: A case study. International Journal
of Lean Six Sigma, 4(3), 251-264. https://doi.org/10.1108/1JLSS-05-2013-0026

Gerger, A., & Demir, B. (2010). A sample for increasing of proportion of service customer relationship with using Lean
Six Sigma in automotive services. Electronic Journal of Vehicle Technologies, 2(1), 33-47.

Hakimi, S., Zahraee, S.M., & Rohani, J.M. (2018). Application of Six Sigma DMAIC methodology in plain yogurt
production process. International Journal of Lean Six Sigma, 9(4), 562-578. https://doi.org/10.1108/1JLSS-11-
2016-0069

Hussein, N.A., Abdelmaguid, T.F., Tawfik, B.S., & Ahmed, N.G.S. (2017). Mitigating overcrowding in emergency
departments using Six Sigma and simulation: A case study in Egypt. Operations Research for Health Care, 15, 1-
12. https://doi.org/10.1016/j.0rhc.2017.06.003

Indrawati, S., & Ridwansyah, M. (2015). Manufacturing continuous improvement using Lean Six Sigma: An iron ores
industry case application. Procedia Manufacturing, 4, 528-534. https://doi.org/10.1016/j.promfg.2015.11.072

95



Celik and Karagizmeli, 2024 « Volume 14  [ssue 1 » Page 85-97

Maleyeff, J. (2007). Improving service delivery in government with Lean Six Sigma. Strategy and Transformation Series,
IBM Center for The Business of Government, Washington, DC.

Mitreva, E., & Kirovski, F. (2021). Application of the methodology of Six Sigma in public health institution.
SAR Journal, 4(3), 107-113.

Nedeliakové, E., Stefancova, V., & Kudlag, S. (2017). Six Sigma and dynamic models application as an important quality
management tool in railway companies. Procedia Engineering, 187, 242-248.
https://doi.org/10.1016/j.proeng.2017.04.371

Pathiratne, S.U., Khatibi, A., & Johar, M.G.M. (2018). CSFs for Six Sigma in service and manufacturing companies: An
insight on literature. International Journal of Lean Six Sigma, 9(4), 543-561. https://doi.org/10.1108/1JLSS-08-
2017-0092

Prakash, S., Kumar, S., Soni, G., Mahto, R.V., & Pandey, N. (2022). A decade of the International Journal of Lean Six
Sigma: Bibliometric overview. International Journal of Lean Six Sigma, 13(2), 295-341.
https://doi.org/10.1108/1JLSS-12-2020-0219

Pugna, A.P., Negrea, R., & Miclea, S. (2016). Using Six Sigma methodology to improve the assembly process in an
automotive company. Procedia-Social and Behavioral Sciences, 221, 308-316.
https://doi.org/10.1016/j.sbspro.2016.05.120

Ratnaningtyas, D.D., & Surendro, K. (2013). Information quality improvement model on hospital information system
using Six Sigma. Procedia Technology, 9, 1166-1172. https://doi.org/10.1016/j.protcy.2013.12.130

Ray, S., & Das, P. (2010). Six Sigma project selection methodology. International Journal of Lean Six Sigma, 1(4), 293-
309. https://doi.org/10.1108/20401461011096078

Riggle, J.D., Paulman, R.A., Lazure, J.L., Hallbeck, M.S., & Gannon, D.E. (2018). Structured redesign of a hospital -
based code response team using Six Sigma tools and human factors principles to facilitate teamwork. Journal of
Interprofessional Education & Practice, 12(1), 57-64. https://doi.org/10.1016/j.Xjep.2018.06.001

Sahoo, A.K., Tiwari, M.K., & Mileham, A.R. (2008). Six Sigma based approach to optimize radial forging operation
variables. Journal of Materials Processing Technology, 202(1-3), 125-136.
https://doi.org/10.1016/j.jmatprotec.2007.08.085

Schmidt, H.G. (2019). Use of Lean Six Sigma methods to eliminate fume hood disorder. Journal of Chemical Health and
Safety, 26(6), 12-16. https://doi.org/10.1016/j.jchas.2019.03.006

Smetkowska, M., & Mrugalska, B. (2018). Using Six Sigma DMAIC to improve the quality of the production process: A
case study. Procedia-Social and Behavioral Sciences, 238, 590-596. https://doi.org/10.1016/j.sbspro.2018.04.039

Snee, R.D. (2006). Increasing newspaper accuracy using Six Sigma methodology. In Antony J., Banuelas R., & Kumar
A. (Ed.s), World Class Applications of Six Sigma, (pp. 211-223). Elsevier, Amsterdam.

Sommer, A.C., & Blumenthal, E.Z. (2019). Implementation of Lean and Six Sigma principles in ophthalmology for
improving quality of care and patient flow. Survey of Ophthalmology, 64(5), 720-728.
https://doi.org/10.1016/j.survophthal.2019.03.007

Sreedharan, V.R., & Raju, R. (2016). A systematic literature review of Lean Six Sigma in different industries.
International Journal of Lean Six Sigma, 7(4), 430-466. https://doi.org/10.1108/1JLSS-12-2015-0050

Srinivasan, K., Muthu, S., Devadasan, S.R., & Sugumaran, C. (2014). Enhancing effectiveness of shell and tube heat
exchanger through  Six Sigma DMAIC phases. Procedia  Engineering, 97, 2064-2071.
https://doi.org/10.1016/j.proeng.2014.12.449

Srinivasan, K., Muthu, S., Prasad, N.K., & Satheesh, G. (2014). Reduction of paint line defects in shock absorber through
Six Sigma DMAIC phases. Procedia Engineering, 97, 1755-1764. https://doi.org/10.1016/j.proeng.2014.12.327

Tagge, E.P., Thirumoorthi, A.S., Lenart, J., Garberoglio, C., & Mitchell, K.W. (2017). Improving operating room
efficiency in academic children's hospital using Lean Six Sigma methodology. Journal of Pediatric Surgery,
52(6), 1040-1044. https://doi.org/10.1016/j.jpedsurg.2017.03.035

96



Celik and Karagizmeli, 2024 « Volume 14  [ssue 1 » Page 85-97

Tezsiirtici, D., & Tunail, I. (2010). Alt: Sigma metodolojisi ve otomotiv sektdriinde bir drnek olay incelemesi. Manisa
Celal Bayar Universitesi Sosyal Bilimler Dergisi, 8(1), 129-146.

Tjahjono, B., Ball, P., Vitanov, V.l., Scorzafave, C., Nogueira, J., Calleja, J., Minguet, M., Narasimha, L., Rivas, A.,
Srivastava, A., Srivastava, S., & Yadav, A. (2010). Six Sigma: A literature review. International Journal of Lean
Six Sigma, 1(3), 216-233. https://doi.org/10.1108/20401461011075017

Vivekananthamoorthy, N., & Shanmuganathan, S. (2011). Lean Six Sigma. In Coskun, A., inal, T.C. & Serteser, M.
(Ed.s), Six Sigma Projects and Personal Experiences, (pp. 1-22). IntechOpen, London.

Wyper B., & Harrison, A. (2000). Deployment of Six Sigma methodology in human resource function: A case study.
Total Quality Management, 11(4-6), 720-727. https://doi.org/10.1080/09544120050008129

Yiiksel, H. (2012). Six Sigma applications in service firms: A literature review. The Journal of Selcuk University Social
Sciences Institute, 27, 327-338.

97



