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1 Introduction

Although most have heard the phrase Six Sigma, which has been an industry term ever since Motorola introduced the concept in 1986, many still do not know just what Six Sigma really is. For many business organizations and by general definition Six Sigma is the measure of quality that strives for near perfection. It is a disciplined, data-driven methodology focused on eliminating defects. A Six Sigma defect is defined as anything that falls outside of a customer's specifications.  The results reported below by Six Sigma companies are convincing about its contribution to industry. 
(Source:  Motorola website http://www.motorola.com)
· Motorola

· Saved $17 Billion from 1986 to 2004, reflecting hundreds of individual successes in all Motorola business areas including: 

· Sales and Marketing 

· Product design 

· Manufacturing 

· Customer service 

· Transactional processes 

· Supply chain management. 

· GE

· Saved $750 million by the end of 1998 

· Cut invoice defects and disputes by 98 percent, speeding payment, and creating better productivity 

· Streamlined contract review process, leading to faster completion of deals and annual savings of $1 million.
· Allied Signal/Honeywell

· Initiated Six Sigma efforts in 1992 and saved more then $600 million a year by 1999 

· Reduced time from design to certification of new projects like aircraft engines from 42 to 33 months 

· Increased market value by a compounded 27% per year through fiscal year 1998.
General Electric, a world class company and practitioner of Six Sigma defines quality as: 
(source: GE website http://www.ge.com)

‘Quality requires us to look at our business from the customer's perspective, not ours. In other words, we must look at our processes from the outside-in. By understanding the transaction lifecycle from the customer's needs and processes, we can discover what they are seeing and feeling. With this knowledge, we can identify areas where we can add significant value or improvement from their perspective.’
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The Six Sigma methodology and fundamental objective is to implement a measurement-based strategy that focuses on process improvement and variation reduction. It may surprise those who have come to know Motorola for its cool cell phones, but the company's more lasting contribution to the world is the quality-improvement process called Six Sigma. In 1986 an engineer named Bill Smith, sold then-Chief Executive Robert Galvin on a plan to strive for error-free products 99.9997% of the time. By Six Sigma's 20th anniversary, the exacting, metrics-driven process has become corporate gospel, infiltrating functions from human resources to marketing, and industries from manufacturing to financial services. 
Six Sigma is a term used in manufacturing process improvement methodologies and it refers to the variability of a process. Say, for example a company is manufacturing steel rods of 1m length. Because the process is not perfect, the lengths of some steel rods will be 0.998m, some 0.999m length and so on. As far as the customer is concerned, this is OK as long as the length of each steel rod is between 0.997m and 1.003m. If the process is a ‘Six Sigma’ process, it will produce only 3.4 bad rods – rods shorter than 0.997m and longer than 1.003m – for every million rods made. 
The table given below maps the Sigma and %accuracy.

	
	Defects per Million Opportunities (DPMO)
	% Accuracy

	One Sigma
	691,500
	30.85%

	Two Sigma 
	308,500  
	69.15%

	Three Sigma 
	66,810
	93.32%

	Four Sigma
	6,210 
	99.38%

	Five Sigma 
	233
	99.977%

	Six Sigma
	3.4
	99.9997%

	Seven Sigma
	0.020
	99.999998%


Six Sigma is still paying off for Motorola Inc. The hot-selling, super-slim Razr phone, a creative, innovative design, sure. Yet "Six Sigma's stamp is all over the Razr," says Michael S. Potosky, Motorola's corporate director of Six Sigma. Engineers, for instance, applied the process to the phone's antenna, helping keep it hidden while maintaining call clarity. With hits like the Razr, the company has climbed from a 15.4% market share in mobile phones to 22.4%.
For non-Six Sigma companies, companies operating at three or four sigma typically spend between 25% and 40% of their revenues fixing problems. This is known as the cost of quality, or more accurately the cost of poor quality. Companies operating at Six Sigma typically spend less than 5% of their revenues fixing problems (Fig. 1). The dollar cost of this gap can be huge. General Electric estimates that the gap between three or four sigma and Six Sigma was costing them between $8 billion and $12 billion per year.
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About 35% of U.S. companies have a Six Sigma programme in place, according to a January, 2006, Bain & Co. study. "The past 20 years are evidence of how many companies have picked up that [it] works," says Potosky. But even a disciple like him stresses that in this era of the Big Idea, Six Sigma's success will only come in a culture that not only welcomes creative types and the metrics-obsessed, but one that makes them both better

2 The congruence of TQM and Six Sigma
Six Sigma has roots back to the teachings of Dr. Joseph Juran and Dr. W. Edwards Deming (Thawani, 2004). Six Sigma is a high performance, data driven method for improving quality by removing defects and their causes in business process activities. The higher the number of sigmas, the more consistent is the process output or the smaller the variation. It is particularly powerful when measuring the performance of a process with a high volume of outputs. Six Sigma links customer requirements and process improvements with financial results while simultaneously providing the desired speed, accuracy and agility in today’s e-age. Lucas (2002) asserts that Six Sigma is essentially a methodology within – not alternative to – TQM. Because this quality improvement is a prime ingredient of TQM, many firms have found that adding a Six Sigma programme to their current business gives them all, or almost all, of the elements of a TQM programme. Lucas has thus concluded that: 

“Current Business System + Six Sigma = Total Quality Management”

Six Sigma uses a project based structured problem solving method linking customer requirements with processes and tangible results. It selects the appropriate tools from a wide variety of statistical tools. One of the most common methodologies used is Define, Measure, Analyze, Improve, and Control (DMAIC). Yang (2004) developed an integrated model of TQM and GE-Six Sigma based on 12 dimensions: development, principles, features, operation, focus, practices, techniques, leadership, rewards, training, change and culture. The author concluded that although management principles of TQM and GE-Six Sigma are somewhat different, there is congruence among their quality principles, techniques, and culture. Hence the integration of TQM and GE-Six Sigma is not difficult.

3 How Companies Define Six Sigma

It is enlightening to compare how various world-class companies—including leading proponents of Six Sigma—define it for their employees and their customers. 

General Electric: What Is Six Sigma?

 “First, what it is not. It is not a secret society, a slogan, or a cliché. Six Sigma is a highly disciplined process that helps us focus on developing and delivering near-perfect products and services. Why ‘Sigma’? The word is a statistical term that measures how far a given process deviates from perfection. The central idea behind Six Sigma is that if you can measure how many ‘defects’ you have in a process, you can systematically figure out how to eliminate them and get as close to ‘zero defects’ as possible. Six Sigma has changed the DNA at GE—it is now the way we work—in everything we do and in every product we design”. 

Honeywell: Six Sigma Plus

“Six Sigma is one of the most potent strategies ever developed to accelerate improvements in processes, products, and services, and to radically reduce manufacturing and/or administrative costs and improve quality. It achieves this by relentlessly focusing on eliminating waste and reducing defects and variations”.
“Leading-edge companies are applying this bottom-line enhancing strategy to every function in their organizations—from design and engineering to manufacturing to sales and marketing to supply management—for dramatic savings”.
“Now, Honeywell has developed a new generation of Six Sigma . . . Six Sigma Plus is Morris Township, NJ–headquartered Honeywell’s principal engine for driving growth and productivity across all its businesses, including aerospace, performance polymers, chemicals, automation and control, transportation, and power systems, among others. In addition to manufacturing, Honeywell applies Six Sigma Plus to all of its administrative functions”.

4 Six Sigma Methodology

This strategy is supported by two Six Sigma sub-methodologies called DMAIC (define, measure, analyse, improve and control), and DMADV (define, measure, analyse, design, verify). DMAIC shown in Fig.2 is an improvement system for existing processes which fall below specifications and need to be improved incrementally. DMADV is also an improvement system which is designed to develop new processes and/ or products at Six Sigma quality levels. In both sub-methodologies and Six Sigma in general, the objective is to continually find ways to improve and refine processes, reduce defects and increase savings (Dedhia, 2005).

This ‘problem-solving’ phase is called DMAIC. First projects are defined from the perspective of customers or regarding process (Define). Second based on the defined projects, the current level of the product quality is measured into sigma level (Measure). Third causes of the problems are detected through the analysis so as to improve the sigma level (Analyse). Fourth efforts are made to improve the situation by working with the causes of the problems (Improve). Finally the optimal condition generated by the above mentioned phases are controlled, maintained and monitored (Control) (Snee, 2003). 
Fig 2. DMAIC Cycle
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Step 1: Define 
· Identify the projects that are measurable. 

· Projects are defined including the demands of the customer and process. 

· It is the initial stage of starting the project and the most significant step. 

Step 2: Measure 
· The current level of quality is measured into Sigma level

· It precisely pinpoints the area causing problems. It forms the basis of the problem-solving. 

· Project defects must be precisely defined and all possible and potential causes for such problems must be identified in this step. 

· Subsequently such problems are analysed statistically. 
Step 3: Analysis 
· In this step, when and where the defect occurs is investigated. Projects are statistically analysed and the problems are documented. 

· Major elements to be performed in the ‘Analysis’ step are as follows: 
· Projects must be statistically and precisely defined in terms of Sigma.
· The gap between the target and the actual state is clearly defined in statistical terms like mean and moving average.
· A comprehensive list of the potential causes of the problems is created.
· Statistical analysis is carried out to reduce the potential causes into few causes.
· Finally based on above steps, the financial implication of the project is calculated and further review is carried out if necessary.
Tools for analysis

· Process Mapping

· Failure Mode & Effect Analysis

· Statistical Tests

· Design of Experiments

· Control charts
· Quality Function Deployment (QFD).
Step 4: Improve 
· Improvements for the potential causes identified in the ‘Analysis’ step are carried out in this step. Solutions to all the potentials problems must be found. 

· The choices are how to change, fix and modify the process. 

· A trial run must be carried out for a planned period of time to ensure the revisions and improvements implemented in the process result in achieving the targeted values. The steps are repeated if necessary.
Step 5: Control 
· Proper control and maintenance of the improved states are established in this step. It is also a step to regularise the new method. 

· The results and accomplishments of all the improvement activities are documented. There is continuous monitoring of whether the improved process is well maintained. 
5
The Six Sigma team

These are the team members of Six Sigma implementation. (Fig 3) 
· Executive Leadership
· Project Champions

· Master Black belts 

· Black Belts

· Green Belts

Executive Leadership 

· Six Sigma involves changing major business value streams that cut across organizational barriers. It is the means by which the organization's strategic goals are to be achieved. 

· This effort cannot be led by anyone other than the CEO, who is responsible for the performance of the organization as a whole. Six Sigma must be implemented from the top down.

Fig.3   The Six Sigma team
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Project Champions 
· Take their company's vision, missions, goals, and metrics and translate them into individual unit tasks. Additionally, Champions must remove any roadblocks to the programme's success. 

· Project Champions are involved in selecting projects and identifying Black and Green Belt candidates. They set improvement targets, provide resources, and review the projects on a regular basis so that they can transfer knowledge gained throughout the organisation. 

Master black belt
· This is the highest level of technical and organisational proficiency. 

· Because master black belts train black belts, they must know everything the black belts know, as well as understand the mathematical theory on which the statistical methods are based. 

· Masters must be able to assist black belts in applying the methods correctly in unusual situations. 

· Whenever possible, statistical training should be conducted only by master black belts. 

· Because of the nature of the master's duties, communications and teaching skills should be judged as important as technical competence in selecting candidates.
Black belt (Technical leader)

· Black belts are technically oriented individuals held in high regard by their peers. 

· They are the doers. 

· They should be actively involved in the organisational change and development process.

·  Candidates may come from a wide range of disciplines and need not be formally trained statisticians or engineers. 

· Six Sigma technical leaders work to extract actionable knowledge from an organisation's information warehouse.

· Good computer skills are vital.
· Probably more important that their technical skills is their people management skills. Implementing change successfully demands the ability to involve people and persuade the necessity for change. 

Green Belts 
· Provide internal team support to Black Belts. 

· While they are not trained to the same depth of knowledge as Black Belts, they are able to assist in data collection, computer data input, analysis of data using the software, and preparation of reports for management. 

· Typically, a Green Belt will be a respected worker who can manage the team in the absence of the Black Belt. Green Belts are part-time workers on a team and may migrate to this position because of their skills using basic quality analysis tools and methods and their ability to facilitate team activities. Many become Black Belts over time as they build a personal base of experience that boosts them into a more technical role.
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Case study (Source: http://www.mydabbawala.com accessed on 20/Feb/2007)
A dabbawala is a person in the Indian city of Mumbai whose job is to carry and deliver freshly made food from home in lunch boxes to office workers. Dabbawalas picks up 175,000 lunches from homes and delivers them to harried students, managers and workers on every working day, at their desk, 12.30 pm on the dot. Customers can even order through the Internet. After the customer leaves for work, his/her lunch is packed into a lunchbox by his family members. A color-coded notation on the handle of the lunchbox identifies its owner and destination. The dabbawala picks up the lunchbox and he moves fast using a combination of bicycles, trains and his two feet. In a 3 hour period, through a 25-Km of public transportation involving multiple transfer points he delivers to his customers. 
In 1998, Forbes Global magazine conducted a quality assurance study on the Dabbawalas' operations and gave it an accuracy rating of 99.999999, more than Six Sigma. The Dabbawalas made one error in six million transactions. That put them on the list of Six Sigma rated companies, along with multinationals like Motorola and GE. There was only one mistake in every 6,000,000 deliveries. The BBC has produced a documentary on dabbawalas, and Prince Charles, during his visit to India, visited them (he had to fit in with their schedule, since their timing was too precise to permit any flexibility).
Although the service remains essentially low-tech, with the barefoot delivery boys as the prime movers, the dabbawalas have started to embrace modern information technology, and now allow booking for delivery through SMS. A web site, mydabbawala.com, has also been added to allow for online booking, in order to keep up with the times. An online poll on the website ensures that customer feedback is given pride of place. The success of the system depends on teamwork and time management. Such is the dedication and commitment of the barely literate and barefoot delivery boys who form links in the extensive delivery chain, that there is no system of documentation at all. A simple colour coding system doubles as an ID system for the destination and recipient. There are no multiple elaborate layers of management either — just three layers. The local dabbawalas at the receiving and the sending ends are known to the customers personally, so that there is no question of lack of trust. Also, they are well accustomed to the local areas they cater to, which allows them to access any destination with ease. 

7
Past, present and future of Six Sigma
Although Six Sigma is usually associated with large companies, midsize companies are reaping greater financial rewards from the program. They are achieving greater savings from Six Sigma projects and better growth. Six Sigma is a reference to a statistical measuring system, equivalent to just 3.4 defects in every million possible defects in production. This is seen as the acceptable standard for world-class manufacturing. By comparison, two sigma represents 308.500 defects in every million possible defects. The average level in modern industrial applications is between three and four sigma, which means somewhere between 6,000 and 67,000 defects in every million. Six Sigma uses facts and data from measured processes inside an organization, not comparisons with some external standard. In other words, it precisely measures what is actually happening and determines how it can be improved. 
The era ‘1986 to 1990’ is often loosely referred to as the first generation of Six Sigma, or SSG1 for short. Then, in the 1990s, General Electric Corp. ushered in the second generation of Six Sigma, or SSG2 as it is now known. The focus of Six Sigma shifted from product quality to business quality. In this sense, Six Sigma became a business-centric system of management.  The results that world-class companies such as General Electric, Johnson & Johnson, Honeywell, Motorola, and many others have accomplished speak for themselves. Six Sigma has become a synonym for improving quality, reducing cost, improving customer loyalty, and achieving bottom-line results. The original goal of Six Sigma was to focus on manufacturing processes; however, marketing, purchasing, billing, and invoicing functions were also involved SSG2 (Harry, 2005).
There is a new brand of Six Sigma emerging now that promises to deliver even more powerful results than before.  Dubbed Third Generation Six Sigma, or just Gen III, it can show companies how to deliver products or services that, in the eyes of customers, have real value (Harry, 2005). Korean steel maker Posco is implementing Gen III techniques corporation wide. Posco is the third-largest steel maker in the world. Moreover, the Korean Standards Association has adopted Gen III techniques and is trying to propagate these methods throughout that country. Electronics maker Samsung, also in Korea, has begun a Gen III programme . And the government of India has bought into the idea and has begun promoting it both in private and government-owned industries there. The word “value,” in the context of Gen III, needs some explanation. It is perhaps best understood by analogy to previous Six Sigma efforts. As practiced in the 1980s and ’90s, Six Sigma focused first on reducing defects. Later, the emphasis was on minimizing costs. Six Sigma efforts at such companies as Motorola, GE, and DuPont were successful at reaching both goals. One difficulty with both first and second-generation efforts is that they didn’t address some of the larger issues that make for commercial success. 
It is possible to field defect-free products using lowest cost production that is world class and earn profit. The ingredient that is missing is the concept of value, and that is what Gen III addresses. It broadens the scope of improvement projects to encompass such ideas as product utility and customer access. But there was another problem with past Six Sigma programmes: It took a lot of expertise on the part of practitioners to run projects effectively. The training necessary to do anything meaningful was extensive. Improvement efforts typically were conceived and executed by high-level managers and could consume a lot of company resources. Consequently, only large firms tackled Six Sigma endeavors though the benefits could be substantial for firms of any size. Gen III changes this scenario drastically. 
For one thing, the training and infrastructure needed to get useful results from a Gen III project are much less than previously has been the case. Gen III introduces the concept of the White Belt Six Sigma practitioner. This is an individual who facilitates use of Six Sigma in work cells or similar settings. Higher-level White Belts typically ferret out small benefits from applying Six Sigma to problems that would not justify the time and attention of a Six Sigma Black Belt.
8 
Conclusion

Six Sigma, as developed by Motorola, was an extension of many existing quality tools and techniques, but with the addition of business accountability. This resulted in process improvement gains that increased productivity and profitability. Six Sigma and Lean enterprise methodologies are both systematic and both have evolved from separate paths. Lean was developed by Toyota. Lean is mainly focused on eliminating waste. In manufacturing, the lean principle includes zero waiting time, pull instead of push scheduling, smaller batch sizes, line balancing and shorter process times. Six Sigma organizations become forward moving organizations by adapting new tools and techniques and overcoming learning disabilities (Dedhia, 2005).

A gauge of quality and efficiency, Six Sigma is also a measure of excellence. Embarking on a Six Sigma programme  means delivering top-quality service and products while virtually eliminating all internal inefficiencies. A true Six Sigma organization produces not only excellent product but also maintains highly efficient production and administrative systems that work effectively with the company's other service processes. In administrative processes, Six Sigma may mean not only the obvious reduction of cycle time during production but, more importantly, optimizing response time to inquiries, maximizing the speed and accuracy with which inventory and materials are supplied, and fool proofing such support processes from errors, inaccuracies and inefficiency (Thawani, 2004).  .

Much can be achieved from programmes like Six Sigma with the active, consistent, innovative, continuous and widely apparent participation by top management. When implemented strategically, Six Sigma can help companies turn over working capital faster, reduce capital spending, make existing capacity available, produce better results from the design and R&D functions. Such outcomes also foster a working environment that stimulates employee development, motivation, morale empowerment and commitment.

The primary factor in the successful implementation of a Six Sigma project is to have the necessary resources, the support and leadership of top management, customer requirements identified explicitly, and a comprehensive training programme. Six Sigma’s DMAIC structure of problem solving is its ability to analyse, improve and control processes with an emphasis on the ability to measure the performance. Deployment of Six Sigma is best achieved through the defined projects. Success of a Six Sigma project depends on buy-in by the entire organization, deployment of the process, effective training and key measurements.

Task
Working within groups, form a Six Sigma team consisting of:

· Project Champions

· Master Black Belts 

· Black Belts

· Green Belts

And discuss the application of Six Sigma methodology to achieve improved performance at your business school. Following activities are suggested for discussion;

· Students’ pass percentage

· Students’ class attendance

· Punctuality in starting the classes at scheduled time
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