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Abstract

The study investigates how six sigma was implemented in a South African municipality. Six sigma was selected
to provide the case study company, tools to improve the quality of service. In recent years, the company or section
has received an increase in the number of complaints from the general public about the state of road infrastructure
and endless projects that cause traffic congestion. Six sigma is based on a structured and systematic methodology
known as define, measure, analyze, improve, and control (DMAIC) steps. The issue of using which tools during
which steps of DMAIC is systematically addressed to realize cost savings and improved quality in the South
African municipalities. The study employed both qualitative and quantitative research methods to gain a thorough
understanding of six sigma implementation in the case study company. The questionnaire was distributed to 100
participants in the case study company using online platform google forms. In total, 79 responses were completed
and analysed. The information for this study came from two main sources: secondary data and primary data. The
primary data was gathered using questionnaires. The secondary data was gathered using the operational report
analysis. The expected outcomes most often evaluated the implementation of six sigma project. This study results
are expected to benefit the employees, students and researchers by providing an understanding into the
implementation of six sigma in South African municipalities. The major constraints of the study were the number
of employees measured as well as time and cost.
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1. Introduction

Six sigma is a technique for improving strategic planning, product development, and the development of new
services. To significantly reduce customer dissatisfaction, the method employs statistical and scientific approaches
(Hakimi, Zahraee and Rohani, 2018). The six sigma methodology has been used globally for more than 27 years
with success, allowing both large and small businesses to save significantly (Gijo, Bhat, and Jnanesh, 2014a). It
can be used in any type of organization, from production to transactional, and from product to service (Gupta and
Kumar, 2014a; 2014b). This problem-solving strategy requires full confidence and dedication in management, a
well-trained and professional project management team to serve as an agent of change, and a committed and
knowledgeable multifunctional team to ensure successful implementation (Marques and Matthe, 2017).

The six sigma process emphasizes listening to the customer's voice to determine needs and translate them into
service or product design requirements that can be tracked and calculated (Mohsen, Isa, and Usmen, 2015). Six
sigma implementation has a positive impact on several quality indicators, including cost, service quality, and
customer satisfaction (Jin, Janamanchi, and Feng, 2014). Many organisations have successfully adopted this
strategy to enhance their performance (Jirasukprasert, Garza-Reyes, and Kumar, 2014).

The most extensively utilized continuous improvement technique is six sigma. particularly in government and
industry (Albliwi, Antony, Lim, and Wiele, 2014; Krueger, Parast, and Adam, 2014; Bakar, Subari, and Daril,
2015; Thomas, Francis, Fisher, and Byard, 2016). The goal of this study was to investigate the critical success
factors and strategies for implementing Six Sigma in a South African municipality. The study provided answers
to the following questions:

*  What are the critical success factors in six sigma adoption in a South African municipality?

*  What are the recommended strategies for the implementation of six sigma in a South African

municipality?
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2. Six Sigma

The concept of six sigma has numerous interpretations and meanings depending on the purpose for adopting six
sigma and its use in the organization (Desai, 2015). Six sigma, according to Motorola, is a rigorous enterprise
management system that enables a corporation to focus on consumer demands, process consistency, analytical
rigour, and timely execution of business strategy (Albliwi et al., 2014). Since the mid-1980s, several firms have
embraced six sigma approaches to maintain their competitive edge by combining their process expertise with
analytics, engineering, and project management (Desai, 2015; Carvalho et al., 2014). Businesses utilize six sigma
to improve internal processes and the consistency of the goods or services they provide. Internal process
improvement is accomplished through a thorough assessment of actual process results, discovering weaknesses,
and implementing both corrective and preventive measures to improve organizational effectiveness (Bailey et al,
2016).

2.1.  Critical success factors for six sigma implementation

To understand how to successfully apply six sigma, it’s critical to define the success factors that must be
established. Critical success factors (CSFs) are important factors that are critical to the success of any plan,
company, or organization (Stankalla, Koval, and Chromjakova, 2018). Table 1 summarizes some of the CSFs
identified in the literature relating to six sigma implementations.

Table 1. Critical Success factors for Six Sigma

Critical success factors | Description Supporting literature

Senior management| Participation of top management in Six Sigma| Carvalho et al. (2014);
support initiatives and implementation. Ribeiro et al. (2015)
Organisational Creating an environment that supports the | Psomas (2014);
infrastructure implementation of Six Sigma in terms of information | Carvalho et al. (2014)

technology,
framework.

processes, and change management

Culture change

Creating an environment that is open to changes and
improvement

Gijo et al. (2014b)

Effective integrated Six
Sigma training

Identifying the main responsibilities of those involved
in Six Sigma implementation, as well as providing the
necessary training.

Albliwi et al. (2014);
Gijo et al. (2014a)

Project prioritisation and
selection

Project prioritization based on business strategies and
long-term goals

Prashar (2014a, b)

Expertise in Provide training and support in project administration| Albliwi et al. (2014)
project and risk management
management

Linking Six Sigma to
human resources

To make six sigma preparation a requirement for
promotion consideration.

Stankalla et al. (2018)

Linking Six Sigma to
business strategy

To improve performance, senior management should
align projects with the business strategy.

Laux et al. (2015)

Linking Six Sigma to
customers

Customer satisfaction processes are linked to Six Sigma
programs, and customer feedback is collected.

Desai (2015)

Linking Six Sigma to
suppliers

Participation of vendors in Six Sigma programs

Laureani and Antony
(2015)

Understanding of Six| Comprehensive understanding of all the steps of the| Anthony et al. (2017)
Sigma methodology DMAIC / DFSS / DMEDI / IDOV process
2.2. Implementation of six sigma strategies

Six sigma strategies are made up of an integrated network of tools and techniques that must be implemented in a
systematic manner in order for businesses to reap the benefits of the methodology (Antony and Karaminas, 2016;
Hadi-Vencheh and Yousefi, 2018). The network consists of a six sigma belts, as well as a rewards program
(Antony and Karaminas, 2016). Furthermore, training, participation of senior managers and process owners, and
change management activities are all necessary for six sigma implementations to be successful. Table 2 shows
some of the key players in successfully implementing six sigma, with champions and experts in six sigma at the
top of the list.
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Table 2. Key roles players

Implementation of | Description Supporting literature

Six Sigma

strategies

Champion Top management is in charge of implementing Six Sigma | Antony, Laux and
methodology throughout the organization and ensuring | Cudney (2020);
that Six Sigma projects are aligned with business | HadiVencheh and
strategies and receive the support they require. Yousefi

(2018)

Master Black Belt | Individuals who are highly skilled in Six Sigma and are | Laureni and Antony
responsible for Six Sigma Training in the organization, | (2018a); Hadi-
identifying skills gaps, and ensuring that the Six Sigma | Vencheh and Yousefi
processes are followed correctly. (2018)

Black Belt Black Belts are transformational leaders who assist in the | Correia et al. (2019);
development and implementation of Six Sigma projects | Hadi-Vencheh and
and changes. They are Six Sigma experts who have | Yousefi (2018)
received extensive training.

Green Belt They are change agents and strategic process experts in| Kaswan and Rathi
their practical domain. (2019); Hadi-Vencheh

and Yousefi (2018)

Yellow Belt They are normally team members who have the| Antony and Karaminas

fundamentals of Six Sigma. (2016); Hadi-Vencheh
and Yousefi (2018)
2.3. Define, Measure, Analyze, Improve, and Control (DMAIC)

Six sigma is based on a structured and systematic technique known as define, measure, analyze, improve, and
control (DMAIC) (Srinivasan, Muthu, Prasad, and Satheesh, 2014a, b). DMAIC provides six sigma practitioners
with guidance on what is expected in each phase of the project, as well as a set of tools and techniques (Table 3).

Table 3. Six Sigma DMAIC process

Definition | Expected deliverables Tools and techniques Reference
Define Needs of the business * Interrelation Sharma et al.,
Customers' needs. *  Stakeholder analysis (2018);
Business cases *  Critical to quality diagram | Soundararajan and
Project charter *  Facilitated workshops Janardhan (2019)
*  Expert judgements
Measure Key processes *  Checklist Jirasukprasert et
Data collection plan »  Statistical process control al., (2014);
Refinement of the *  Gauge repeatability | Marques and
problem and Matthe (2017)
including process capabilities reproducibility studies
*  Trend analysis
Analyse Causal relationships *  Cause and effect analysis Hakimi et al,
Multivariate analysis *  Scatter diagram (2018);  Uluskan
Correlation *  Regression analysis (2016)
Improve Evaluated solutions *  Failure mode and effect Hakimi et al.
Strategies to reduce variations analysis (2018); Zhang et
Standardized processes *  Design of experiment al. (2015)
*  Fault tree
Control Process control charts * Poka-Yoke Jirasukprasert et
Error proofing strategies *  Process capability analysis | al. (2014); Evans
Performance improvement reports | *  Ran Charts and Lindsay
Process control plan (2014)
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3. Methodology

Figure 1 illustrates the framework used for this study, which is based on Saunders, Lewis, and Thornhill (2016)'s
research framework. The study relied on existing theories and best practices in the implementation of six sigma to
recognize the critical success factors and strategies for successful six sigma implementation. The study used both
qualitative and quantitative research approaches to gain a thorough understanding of six sigma implementation in
the case study company. The case study was chosen as the best research strategy because it allows for the
investigation of the phenomenon in its context while utilizing multiple data sources (Neuman, 2014). The case
study's main disadvantage is the inability to generalize the results (Saunders et al., 2016). However, this had no
negative consequences in the current study because the goal was not to generalize the results but to get a thorough
understanding of six sigma implementation through a case study. The questionnaire was used to gather primary
data, whereas secondary data was gathered through document review and operational reports.

3.1.  Case Study Company

The case study focuses on the South African metropolitan municipality that provides road infrastructure. The
company was founded in the year 2000 and is based in the Gauteng province of South Africa. The municipality
was divided into seven regions, with 105 wards, 210 councillors, and a population of approximately 2.5 million
people. Municipality's city (referred to as the case study company in this research) spans nearly 121 kilometres
east to west and 188 kilometres north to south, making it the largest city in terms of land area. The case study
company's leadership is led by the Executive Mayor and the mayoral committee, which consists of ten members
charged with carrying out the mandate to improve residents' socioeconomic conditions.

» Theory Development

Deductive

L]
=

lethodological Approach

Mixed-method

+ Research Strategy

Case study

s Time Honzom

o Techniques and Procedures

» Secondarv Techniques and Procedure

Figure 1. Research framework (Saunders et al., 2016, p130)

The company manages a wide range of business activities aimed at meeting the needs of its 2.5 million residents,
but this study was limited to municipal public works, specifically the road infrastructure section. There were over
800 employees in the section, as well as approximately 100 management personnel. In recent years, the company
or section has received an increase in the number of complaints from the general public about the state of road
infrastructure and endless projects that cause traffic congestion. In 2017, the company embarked on a journey to
implement Six Sigma as a management strategy to address quality issues and improve performance. Despite its
efforts, the company still receives complaints. As a result, it was critical to comprehend the critical success factors
of six sigma management and the strategies used by the case study company to implement six sigma and
recommend areas for improvement.

3.2.  Data Collection

Data for this study was gathered from two main sources: secondary and primary data. The primary data was
gathered using questionnaires divided into three sections (demographic information, critical success factors and
six sigma implementation strategies). The demographic data included three main questions designed to assess the
characteristics of the respondents (Table 4). The second section of the questionnaire used 11 items to assess the
adoption of six sigma critical success factors (Table 4). Similarly, the final section of the questionnaire included
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seven items designed to assess the case study company's adoption of six sigma implementation strategies. The
responders were asked to provide their opinions using the Likert scales (1 = Strongly Disagree; 2 = Disagree; 3 =
Undecided; 4 = Agree; 5 = Strongly Agree). The primary target group for this study was managers and engineering
employees, and the company's global e-mail address was used as the sample frame to identify the target group.
The secondary data was divided into operational report analysis, with the goal of identifying the defect behaviour
since the application of six sigma in the case study company. The operational reports cover the period from 2017
to 2020, and as part of secondary data analysis, we examined a total of 20 policies and procedures to determine
how six sigma implementations were managed in the case study company.

3.3.  Data Analysis

Data analysis is concerned with deducing meanings and patterns from bits of information (Saunders et al., 2016).
The information can be in the form of text, pictures, or numbers, which all influence the scale and type of data
analysis. The study primarily employs nominal scales (demographic information), ordinary scales (six sigma
critical success factors and six sigma implementation strategies), discrete numbers (operational data), and
qualitative analysis (document analysis) (Cooper and Schindler, 2014) (figure 2). Proportions, counts, and other
forms of qualitative data analysis were used in this study based on the scales used.
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Figure 2. Data collection process
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4. Results

4.1.  Secondary Data

As noted, the study used secondary data from 2017 to 2020. Figure 3 illustrates the number of audit reports in
relation to the number of defects discovered in the reports. The findings show that as the number of audit reports
increases, then number of errors decreases. The results also showed that the number of quality activities in the
organization has increased since the implementation of six sigma and that this increase has caused in a decrease
in the number of defects. The checklist in Table 4 was used to compare the key success variables for Six Sigma
adoption through document review. During the research, 20 quality management documents, policies, and
frameworks were discovered, and the documents were used to compare what happened in the case study company
to the recommendations in the literature. The case study company was found to be adopting most of the
recommendations from the literature; however, two areas needed improvement: the quality document and the
policy did not provide evidence that the projects were linked to the business strategies. Furthermore, the documents
provided no evidence of the suppliers’ involvement in Six Sigma implementation.
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Figure 3. Defects vs Number of quality audits
Table 4. Check List
Check List | Name of the] Reference Present | Not Comment
Items document Present
Senior Quality management| Case study X The quality document policy provided
manageme | systems manual company Top evidence of the policy that showed senior
nt support document Management management support from the business
dashboard strategy.
repository
Organisatio | Organisational Case study X There was an approved business strategy
nal structure and business | company document, organisational  structure,
infrastructu | process management | organisational processes, six sigma software or system
re toolkit document structure setup in place to support the effective
repository application of Six Sigma.
Change Quality management | Case study X The quality document policy provided
manageme | systems manual and | company evidence of the policy that dealt with
nt policy change management | policy change management.
framework document | document
repository
Six  sigmal Human resources Case study X There was training plan and policy in
training development training | company place that was identified to make the
plan and| plan document policy implementation of six sigma successful.
policy document
repository
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Project Project management | Case study X | The quality document policy did not
prioritisatio | document company provide evidence of the projects that were
n and| project selected from the business strategy.
selection management
document
repository
Expertise in | Project management Case study X There was a training in project
project document company management and project management
manageme project infrastructures  support software or
nt management system like Microsoft project that were
municipality used in the organisation. The
document organisation had adopted the project
repository management life cycle plan.
Human Human resources Case study X There was a policy for all staff members
resources management company for Six Sigma which was presented or
policy document policy identified during the assessment. For the
document human resource, the study wanted to
repository check if there was a succession plan,
training plan, reward and recognition,
and also to see the document that talked
about resources allocation.
Check List | Name of the] Reference Present | Not Comment
Items document Present
Business Strategic plan| Case study X There was an approved business strategy
strategy document company document that talked about the
corporate implementation of Six Sigma as a way of
planning and| improving performance.
strategy
document
repository
Linking six| Quality management| Case study X The quality document policy provided
sigma to systems manual and | company evidence of the policy which confirmed
customers customer relations | customer the clients requirements both internally
management relation and externally.
document management
repository
Linking six| Quality management | Case study X | The quality document did not provide
sigma to systems manual and| company supply evidence of the suppliers that had direct
suppliers supply chain chain participation within the organisation.
management management
document repository
Understand | Human resources | Case study X There was training plan, assessment and
ing of six development training | company policy document in place that was
sigma plan and Dbusiness | business process identified for six sigma training which
methodolo | process management| management indicated that employees learned the basic
gy framework document | repository tools and techniques.
4.2.  Primary Data

The questionnaires were distributed to 100 South African municipality employees, who were asked to provide
their opinions about the implementation of six sigma. The survey was open for 15 days and collected a total of 79
responses. The respondents were asked to provide their qualifications, years of experience a nd current positions
as part of the first section of the questionnaire (Table 5). The majority (33%) of the 79 respondents had bachelor's
degrees, 23% had grade 12 qualifications, and 21% had a postgraduate degree. The majority (75%) had more than
5 years of experience, 6% had one year of experience, and 19% had one to five years. The majority (31%) were
involved in operations, 27% in management, 25% in other positions, 8% in quality assurance, 5% in customer
information services, and 4% in the bus service schedule.

Table 5. Demographic information (N = 79)

Items Frequency | Percentage | Cumulative Percentage

What is your highest level of education?
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Grade 12 18 23% 23%
Diploma 18 23% 46%
Bachelor’s Degree 26 33% 79%
Post Graduate Degree 17 21% 100%
Total 79 100%

How many years of experience do you have within the company?

Less than 1 year 5 6% 6%
1 —5 years 15 19% 25%
More than 5 years 59 75% 100%
Total 79 100%

‘Which of the following best describes your job title?

Management 21 27% 27%
Operations 25 31% 58%
Quality Assurance 6 8% 66%
Bus Service Scheduling 3 4% 70%
Customer Information Services 4 5% 75%
Other 20 25% 100%
Total 79 100%

4.3.  Critical success factors to implement Six Sigma

Respondents were asked to provide their thoughts on the management of six sigma CSFs in this part of the
questionnaires. The respondents were asked to provide their responses on a 5-point Likert scale, and the results
are shown in Table 6. To make the analysis easier to understand 1 and 2; 4 and 5 were combined because they all
mean the same thing to varying degrees. The items had a higher internal consistency of Cronbach's alpha 0f 0.9751,
which was greater than the 0.7 threshold recommended in literature. According to the findings, the majority (62%)
of respondents perceive six sigma as a game-changing management technique, while the remaining 28% reject the
viewpoint, leaving a small proportion (10%) unsure. Overall, the statement ‘six sigma was regarded as a game-
changing management technique’ received the highest weighted average of 3.380, indicating that there was a belief
within the organization that supported the statement.

Table 6. Critical success factors to implement six sigma

Items Disagree | Undecided | Agree | Weighted | Ranking
Average

Q3: Six Sigma is regarded as a game-changing 22 8 49 3380 |

management technique. 28% 10% 62% )

Q1: The implementation of Six Sigma as a quality 30 7 42 3165 )

improvement method is supported by senior management. 38% 9% 53% )

Q10: The organization has a Six Sigma tool to assist 29 8 42 3127 3

suppliers in meeting customer expectations. 37% 10% 53% )

Q7: Human resources make Six Sigma implementation 30 12 37 3.089 4

easier in the organization. 38% 15% 47% )

Q8: Six Sigma has been aligned with consumers, core 28 13 38 3063 5

processes, and profitability. 35% 17% 48% )

Q6: To carry out Six Sigma projects, the organization has 34 10 35 3005 6

leaders or project managers. 43% 13% 44% )

Q2: The organization provides the infrastructure required 32 10 37 3013 7

for Six Sigma implementation. 41% 13% 46% )

Q9: The implementation of the Six Sigma tool, which

includes supply chain processes, benefits the 28 13 36 3.000 8
o ’ 36% 19% 45%

organization.

Q4: As part of the engagement process, the organization 33 16 30 2949 9

provides Six Sigma training. 42% 20% 38% )

Q11: The organization is prepared for the Six Sigma 30 15 34 2937 10

fundamental technique. 38% 19% 43% )

Q5: The organization created a steering committee for Six 38 7 34 7823 1

Sigma project selection. 48% 9% 43% )

When asked to rate senior management support in six sigma implementations, the majority (53%) believed that it
was supported by senior management, while 38% believed that there was no senior management support, leaving
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a small group (9%) undecided. Overall, a weighted average score of 3.165 indicated the need to increase the
visibility of senior management support in six sigma implementations in the case study company. The other large
group (53%) believed that the company had tools to help suppliers meet customer expectations, while 37%
believed that the company did not have tools to help suppliers meet customer demands.

The survey findings revealed higher levels of uncertainty in the following areas: the role of human resource
management in six sigma implementation (weighted mean = 3.089); the alignment of six sigma projects with
customer needs (weighted mean = 3.063); the availability of six sigma project leaders (weighted mean = 3.025);
the availability of infrastructure to support six sigma implementation (weighted mean = 3.013); and the ability of
six sigma to benefit the organization (weighted mean = 3.013).

Three areas were identified as clear gaps in the case study company's six sigma implementation. For example,
when respondents were asked to rate the statement suggesting that the company provide six sigma training, the
simple majority (42 per cent) disagreed. Only 38% believed that the company included six sigma training as part
of the engagements, with the remaining 20% unsure. The weighted average score of 2.949 confirms the case study
company's need for six sigma training. The simple majority (43 per cent) agreed on the statement that the company
is prepared with six sigma fundamentals, but the weighted score of 2.937 shows that the opposite, indicating the
need for the organization to be prepared with six sigma fundamentals.

4.4. Implementation of six sigma strategies

This section focuses on the six sigma implementation strategies employed by the case study company. To make
the analysis easier to understand, 1 and 2; 3 and 4 were combined because they all mean the same thing to varying
degrees. Cronbach's alpha was 0.955, indicating that the items had higher internal consistency. The weighted
averages for most of the items in this section were equal to 3, and they are ranked from highest to lowest (Table
7). When respondents were asked to rate the statement; ‘implementing six sigma training aided an organization in
meeting the required standard’; 48% agreed with the statement, while 39 % disagreed, leaving a small proportion
(13 %) undecided. Overall, the weighted average of the statement was 3.025 indicating that there was uncertainty
about the role of six sigma training in assisting the company to meet the required standard.

42% of the respondents indicated that the company was funding six sigma training initiatives, while 41% disagreed
and 17% were undecided. Overall, the statement implying that the organization funded the six sigma training
initiatives had a weighted average of 2.937, suggesting that there was a discrepancy in the funding of six sigma
training. The results were further demonstrated by the fact that 44% disagreed with the statement that everyone
involved in the six sigma project received adequate training, while only 42% supported the statement and 14% did
not agree or disagree. The weighted average for the statement; ‘everyone involved in the six sigma project received
adequate training” was 2.924, confirming the need to improve six sigma training deployment in the case study
company.

When asked if the process owners and employees were involved in the six sigma implementation, 44% said they
were. The other large group (43%) believed that the process owners and their supporting staff were not involved
in the six sigma implementation, while 13% were unsure. The weighted average of 2.924 indicates that there was
some uncertainty regarding the involvement of process owners and their supporting staff in six sigma
implementation. 49% of the respondents disagreed with the statement; ‘the company had teams supporting the
black belt in Six Sigma projects’, while only 28% supported the statement and 23% were unsure.

Table 7. Implementation of Six Sigma strategies

Items Disagree Undecided Agree Weighted Ranking
Average

Q7: The implementation of Six Sigma training 31 10 38 3.025 1

assists an organization in meeting the required 39% 13% 48%

standard.

QO6: Six Sigma training initiatives are funded by 33 13 33 2.937 2

the organization. 41% 17% 42%

Q3: Everyone involved in the Six Sigma project 35 11 33 2.924 3

has received adequate training. 44% 14% 42%

Q4: We included the process owners and 34 10 35 2.924 4

employees during Six Sigma projects. 43% 13% 44%

Q5: The company form teams to work with the 39 18 22 2.684 5

Six Sigma black belts. 49% 23% 28%
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Q2: Our company employs a black belt on a full- 39 18 22 2.684 6
time basis. 49% 23% 28%
Q1: We have a Six Sigma Champion in our 44 7 28 2.620 7
company. 56% 9% 35%

According to the respondents (49 %), the company did not have any full-time black belts. Only 28% thought the
company employed black belts on a full-time basis, with the remaining 23% unsure. According to the majority
(56%), the company also lacked a six sigma champion; only 35% of respondents thought the company had a six
sigma champion, while the remaining 9% were unsure.

5. Recommendations

5.1.  Proposed Improvement

The operational data revealed an increasing number of quality activities in the case study company, as evidenced
by an increase in the number of quality audit reports. The data also showed that the number of defects decreased
at an exponential rate year after year. The document review found no evidence that the company was linking six
sigma projects to business strategies, and there had been no proof that the suppliers were included in the six sigma
projects. The primary data revealed a lack of six sigma training, six sigma fundamentals, and steering committees
to monitor the progress of six sigma projects. There was also evidence that the company did not have a six sigma
champion, that it did not use black belts in the application of six sigma projects, and that there was a disparity in
the allocation of funding for six sigma training, which resulted in inadequate training for team members involved
in deploying six sigma projects.

It was suggested that the company establishes a clear connection between six sigma projects and business
objectives and that six sigma projects be managed by black belts who understand the business processes. The
sixsigma champion should be appointed to manage the organization's six sigma deployment, provide resources to
six sigma projects, collect lessons learned, and improve the deployment. The organization should also involve key
suppliers and customers in the six-sigma deployment, allocate funding for training, and ensure that everyone
involved in the six-sigma project has a basic understanding of the methodology.

5.2.  Validation

Validity refers to how well the data collected reflects the true values of the intended concept or variable, and it
also refers to simply measuring what is meant to be measured. The questionnaire was adapted from the existing
literature and subjected to face validity, audit trials, and triangulation, as well as internal consistency (Cronbach's
alpha). Face validation was primarily used during questionnaire development. The questions were given to three
quality management experts from the University of Johannesburg, who were asked to assess how well the items
represented the content of interest. The expert comments were used to improve the questionnaire questions, which
were then validated using Cronbach's alpha, which was found to be greater than the 0.7 internal consistency
recommended in the literature. To further assess validity, we compared secondary and primary data results.

6. Conclusion

This study sought to investigate how six sigma was implemented in a South African municipality. Six sigma
methodology has the ability to advance the performance and quality of South African municipalities, allowing
residents in various regions to access at least the essential services they require. In recent years, the South African
municipality has received a growth in the number of complaints from the general public about the state of road
infrastructure and endless projects that cause traffic congestions. In 2017, the company began the process of
implementing six sigma as a management strategy to address quality issues and improve performance. Despite its
best efforts, the company continues to receive complaints. As a result, understanding six sigma management's
crucial success factors, in addition to the strategies used by the case study company to implement six sigma and
recommend areas for improvement, was critical. The research was created to respond to two research questions:
a) What are the critical success factors in six sigma adoption, and how does the South African Municipality manage
them? b) What are the recommended six sigma implementation strategies, and how are they being managed by
the South African municipality?

Determine the important success factors and techniques for implementing six sigma successfully, the study relied
on existing theories and best practices in six sigma implementations. To get a comprehensive understanding of the
case study company six sigma application, the study employed a combination of qualitative and quantitative
research methods. The case study was chosen as the best research strategy because it enables investigation of the
phenomenon in its context while utilizing data from several different places. The data for this study was gathered
from two main sources: secondary (operational reports, policies and procedures) and primary data (Questionnaire).
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The operational data revealed that the quantity of high-quality audit reports had increased, indicating an increase
in the number of quality activities within the case study company. In addition, the data showed that the number of
defects decreased at an exponential rate year after year. There had been no evidence that the company was linking
six sigma projects to business strategies, and there had been no proof that the suppliers were included in the six
sigma projects, according to the document review. The primary data revealed a lack of six sigma training,
fundamentals of Six Sigma, and steering committees to track the progress of six sigma projects. There was also
evidence that the company did not have a six sigma champion, did not use black belts while putting six sigma
projects into action and that there was a disparity in the allocation of funding for six sigma training, resulting in
insufficient training for members of the team to be involved in deploying six sigma projects. It was recommended
that the company creates a clear link between six sigma pro-jects and business objectives and that six sigma
projects be managed by black belts who understand the business processes. The six-sigma champion should be
appointed to manage the organization's six-sigma deployment, provide re-sources to sixsigma projects, collect
lessons learned, and improve the deployment.
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