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Abstract— Six Sigma is a set of techniques and tools for 

process improvement. Six sigma is both philosophy and 

methodology that improves quality by analyzing data with 

statistics to find the root cause of quality problem and to 

implement controls. Statistically, six sigma refers to a process 

in which the range between the mean of a process quality 

measurement and the nearest specification limit is at least six 

times the standard deviation of the process. Six Sigma 

introduced another way of thinking about process 

improvement by focusing primarily on the financial impact, 

defect reduction and customer satisfaction. The objectives of 

this paper are to study and evaluate processes of 

implementation of six sigma, benefits of implementing six 

sigma, limitations of implementing six sigma, six sigma 

phases and various statistical tools for quality analysis. 

Quality professionals are aware that the six sigma 

methodology employs existing, well known tools developed 

in quality science and are based on the works of Deming, 

Juran, Ishikawa, Taguchi and others. 
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I. INTRODUCTION 

Six Sigma is both a philosophy and a methodology that 

improves quality by analysing data with statistics to find the 

root cause of quality problems and to implement controls. Six 

sigma refers to process I which the range between the mean 

of a process quality measurement and the nearest 

specification limit is at least six times standard deviation of 

the process. Six Sigma methodology is a customer focused 

continuous improvement strategy that minimizes defects and 

variation towards an achievement of 3.4 defects per million 

opportunities in product design, production, and 

administrative process. Six Sigma places the emphasis on 

financial results that can be achieved through the virtual 

elimination of product and process defects. Statistically, Six 

Sigma refers to a process in which the range between the 

mean of a process quality measurement and the nearest 

specification limit is at least six times the standard deviation 

of the process. Six sigma differs from other quality programs 

in its ‘top down’ drive and its rigorous methodology that 

demands detailed analysis, fact based decisions, and a control 

plan to ensure on-going quality control of a process. The 

statistical objectives of six sigma are to center the process on 

the target and reduce process variation. The real power of Six 

Sigma is simple because it combines people power with 

process power. Basically it is a quality improving process of 

final product by reducing the defects; minimize the variation 

and improve capability in the manufacturing process. The 

objective of Six Sigma is to increase the profit margin, 

improve financial condition through minimizing the defects 

rate of product. 

II. SIX SIGMA PHASES 

Approaches to Six Sigma dictate the use of a model to drive 

a disciplined approach to the solution of quality problems. 

The most commonly used model is the five-phase model 

commonly known by the Acronym DMAIC (Define, 

Measure, Analyze, Improve, and Control).   

The model acts as a roadmap for improvement 

projects, leading the teams through the respective processes.    

DMAIC is used for projects aimed at improving an 

existing business process.  

 
Fig. 1: Lean Sigma DMAIC 

 Phase 1: Define the system, problem and scope the work 

effort of the project team towards the voice of the 

customer and their requirements, and the project goals, 

specifically.   

 Phase 2: Measure key aspects of the current process and 

collect relevant data in order to find leverage points for 

improvement.   

 Phase 3: Analyse Analyse the data to investigate and 

verify cause-and-effect relationships. Determine what 

the relationships are, and attempt to ensure that all 

factors have been considered. Seek out root cause of the 

defect under investigation.   

 Phase 4: Improve the current process based upon data 

analysis using techniques such as Design of 

experiments, mistake proofing and standard work to 

create a new, future state process.   

 Phase 5: Control the future state process to ensure that 

any deviations from the target are corrected before they 

result in defects. Implement control systems such as 

statistical process control, production boards, visual 

workplaces, and continuously monitor the process. This 

process is repeated until the desired quality level is 

obtained.    

 
Fig. 2: Phases 
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Another methodology of Six Sigma is known by 

Acronym DMADV. This methodology is used for projects 

aimed at creating new product or process designs.   

 Phase 1: Define design goals that are consistent with 

customer demands and the enterprise strategy.   

 Phase 2: Measure and identify CTQs (characteristics 

that are Critical To Quality), measure product 

capabilities, production process capability, and measure 

risks.   

 Phase 3: Analyze to develop and design alternatives.   

 Phase 4: Design an improved alternative, best suited per 

analysis in the previous step.   

 Phase 5: Verify the design, set up pilot runs, implement 

the production process and hand it over to the process 

owner.   

 
Fig. 3: Phases 

Modelling has been a vital contributor to process 

improvement since flowcharting was introduced in the 1950s.  

III. IMPLEMENTING SIX SIGMA 

Implementing a typical six sigma program begins at top level 

management with training in fact based decision making and 

evaluation of the company’s strategic goals. The objectives 

behind training is to define what process variables are critical 

to product quality and to define what process variables are 

critical to product quality and to define the gaps between 

goals and current performance that will become six sigma 

projects. Master back belts are chosen to become Six Sigma 

experts and be dedicated full time to run Six Sigma projects 

where as green belt experts, who keep their jobs while the 

work part time on Six Sigma projects are also chosen. These 

expertise receive intensive differentiated training that is 

tailored for their ranks and is designed to improve their 

knowledge and skills in statistical methods and other 

managerial skills. With assigning the improvement 

specialists to take different levels of roles and responsibilities 

in leading the continuous improvement efforts, the 

organization builds a Six Sigma role structure for quality 

improvement, in which there is a hierarchical coordination 

mechanism of work for quality improvement across multiple 

organization levels. This mechanism helps to coordinate and 

control work across organizational levels to ensure that the 

tactical tasks math with the overall business strategy.  

Six sigma applies a structured approach to managing 

improvement activities, which is represented by Define-

Measure-Analyse-Improve-Control (DMAIC) used in 

process improvement or Define Measure - Analyse-Design-

Verify (DMADV) for product design improvement. Both of 

these procedures are grounded in the class Plan-Do-Check-

Act (PDCA) cycle. The DMAIC/DMADV procedures offers 

a standardized approach for the teams to follow and prescribe 

appropriate tools to use at each step, as well as systematic 

project management tools, which enhances their problem 

solving ability in addition, these structured procedures guide 

the teams search for solutions to complicated problems by 

breaking complex task into elementary components to reduce 

task complexity and to increase productivity.    

IV. SIGMA SHIFT 

The processes usually do not perform as well in the long term 

as they do in the short term hence the number of sigma’s that 

will fit between the process mean and the nearest 

specification limit may well drop over time. To account for 

this real-life increase in process variation over time, an 

empirically  

Based 1.5 sigma shift is introduced into the 

calculation. A process that fits 6 sigma between the process 

mean and the nearest specification limit in a short-term study 

will intern fit only 4.5 sigma in the long term and a process 

that is normally distributed will have 3.4 parts per million 

outside the limits, when the limits are six sigma from the 

"original" mean of zero and the process mean is then shifted 

by 1.5 sigma. The former six sigma distribution, when under 

the effect of the 1.5 sigma shift, is commonly referred to as a 

4.5 sigma process. However, it should be noted that the 

failure rate of a six sigma distribution with the mean shifted 

1.5 sigma is not equivalent to the failure rate of a 4.5 sigma 

process with the mean centered on zero.   

V. BENEFITS OF IMPLEMENTING SIX SIGMA 

Quality management has developed into a mature field with 

sound definitional and conceptual foundations, but new QM 

methods continue to grow. Six sigma emphasizes using a 

variety of quantitative metrics in continuous improvement, 

such as process sigma measurements, critical to quality 

metrics, defect measures, and traditional quality measures 

like process capability. Six sigma metrics are used to set 

improvement goals. Objective data helps in reducing 

corporate use of political agendas to drive solutions. Six 

sigma can increase the magnitude of improvements, reduce 

performance variability of the projects, and increase 

employee improvement efforts and commitment to quality. 

Six sigma integrates business-level performance, process 

measures, and project metrics into a systematic review 

process so that managers can manage the organization 

quantitatively and translate the business strategy into tactical 

tasks.  

Six sigma improves quality performance which if 

not affects business performance through both manufacturing 

route and marketing route. In manufacturing route improved 

quality performance results in fewer defects, lower scarp and 

rework rates, less waste, and more dependable process which 

in turn leads to lower manufacturing costs, lower warranty, 

higher efficiency and increased productivity which results in 

higher returns on assets and profitability. In marketing route 

improved quality increases customer satisfaction that leads to 

increased sales and larger market share.   

VI. LIMITATIONS OF IMPLEMENTING SIX SIGMA 

The main hurdle of six sigma is organizations own 

management and employees, active customer and active 

supplier participation. Six sigma structured improvement 

procedure does not have a direct effect on product/service 

design or process management, but those two practices are 

found to have a significant effect on the six sigma focus on 

metric which in turn directly affects product/service design 

and process management. Six sigma is criticized as offering 

nothing new and simply repacking traditional QM practices 

.Six sigma role structure can only be established if top 
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management uses its authority and power to integrate the six 

sigma black and green belt system into the organization’s 

human infrastructure, to incorporate six sigma performance, 

and to provide resources for six sigma training. Six sigma 

connects employee’s promotion and rewards with the level of 

their six sigma certification and their involvement and 

achievement in six sigma projects hence the six sigma 

directly affects the employee’s growth in the industry i.e. if 

he or she fails to deliver expected quality product their 

promotion and reward will be low. 

VII. SIX SIGMA APPLICATIONS 

Six Sigma mostly finds application in large organizations. 

Companies with fewer than 500 employees are less suited to 

Six Sigma implementation or need to adapt the standard 

approach to make it work for them. Six Sigma however 

contains a large number of tools and techniques that work 

well in small to mid-size organizations. The fact that an 

organization is not big enough to be able to afford Black Belts 

does not diminish its abilities to make improvements using 

this set of tools and techniques.   

VIII. CONCLUSION AND SCOPE OF DEVELOPMENT 

The six-sigma framework provides an impetus for 

establishing best practice with the company. The 

implementation of six-sigma will save money which will 

result higher profit of the organization. As the businesses are 

influenced by globalization, the competition is arising more 

and more and so, to sustain in the global business every 

organization needs to maintain appropriate quality level. 

After reviewing the benefits and limitations behind Six 

Sigma, a company should determine whether or not Six 

Sigma is for them. A clear trend is that Six Sigma is 

diversifying into large service oriented organizations. Finally 

it is said that, it is possible to improve productivity by using 

six-sigma which is the main purpose of this study. Six sigma 

is an effective approach to a broad based quality control 

program. It is far more than the traditional approach in which 

internal teams are created to reduce production defects, solve 

problems within one department, and address problems in 

isolation. Further study is deeply required to find solutions to 

the following questions 

 How does internal and external system variation and 

uncertainty impact supply chain?  

 How and why does the trade-off concept support the 

strategy development process?  

 How and why do different strategies limit such variation 

and uncertainty?  

 How can a company use investments in inventory and 

capacity to provide greater stability in the internal and 

external phases of a delivery system?  

Another area suggested for further study and 

research is the investigation on how six sigma works with 

other improvement methods such as lean manufacturing. Six 

sigma should be viewed as an organizational change process 

which might provide improved ways for implementation of 

six sigma processes and a more enlightened analysis of what 

needs to be changed.   
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