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Preface to the Second Edition



I



n the spirit of customer-supplier relationships, we are pleased to provide our readers with the second edition of The Certified Six Sigma Black Belt Handbook. The handbook has been updated to reflect the most recent Six Sigma Black Belt Body of Knowledge, released in 2007. As with all ASQ certification–based handbooks, the primary audience for this work is the individual who plans to prepare to sit for the Six Sigma Black Belt certification examination. Therefore, the book assumes the individual has the necessary background and experience in quality and Six Sigma. Concepts are dealt with briefly but facilitated with practical examples. We have intentionally avoided theoretical discussion unless such a discussion was necessary to communicate a concept. As always, readers are encouraged to use additional sources when seeking much deeper levels of discussion. Most of the citations provided in the references will be helpful in this regard. A secondary audience for the handbook is the quality and Six Sigma professional who would like a relevant Six Sigma reference book. With this audience in mind, we have greatly expanded the appendices section: • Although the Body of Knowledge was updated in 2007, we have elected to keep the 2001 Body of Knowledge so that readers can compare changes and perhaps offer recommendations for future Bodies of Knowledge. • All tables were developed using a combination of Microsoft Excel and Minitab 15. Thus, the reader may find some differences between our tables and those published in other sources. Appendices 29–33 are examples of where such differences might occur. Note that years ago many statistical tables were produced either by hand or by using rudimentary calculators. These tables have been handed down from author to author and have remained largely unchanged. Our approach was to revert to the formulas and algorithms that produced the tables and then redevelop them using statistical software. • The table for control constants has been expanded to now include virtually all control constants. To the best of our knowledge, this handbook is probably the only reference source that includes this information.
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xxiv Preface to the Second Edition



• Tables for both cumulative and noncumulative forms of the most useful distributions are now present—for example, binomial, Poisson, and normal. • Additional alpha values in tables have been included. For example, large alpha values for the left side of the F distribution now exist. Thus, it will no longer be necessary to use the well-known conversion property of the distribution to obtain critical F values associated with higher alpha values. Though the conversion formula is straightforward, everyone seems to get it wrong. We expect our readers will appreciate this. • The glossary has grown significantly. Most notable is the inclusion of more terms relating to Lean. • A second glossary has been added as well. This short glossary is limited to the most common Japanese terms used by quality and Six Sigma professionals. We are confident that readers will find the above additions useful. As you might expect, chapter and section numbering follows the same method used in the Six Sigma Black Belt Body of Knowledge. This has made for some awkward placement of discussions (for example, the normal distribution is referred to several times before it is defined), and in some cases, redundancy of discussion exists. However, where possible, we have tried to reference the main content in the handbook and refer the reader there for the primary discussion. After the first edition was published, we received several comments from readers who stated that their answers did not completely agree with those given in the examples. In many instances, we found that discrepancies could be attributed to the following: use of computers with different bits, the number of significant digits accounted for by the software used, the sequence in which the arithmetic was performed, and the propagation of errors due to rounding or truncation. Therefore, we urge the reader to carefully consider the above points as the examples are worked. However, we do recognize that errors occasionally occur and thus have established a SharePoint site that will permit readers to recommend suggestions, additions, corrections, or deletions, as well as to seek out any corrections that may have been found and published. The SharePoint site address is http://asqgroups. asq.org/cssbbhandbook/. Finally, the enclosed CD contains supplementary problems covering each chapter and a simulated exam that has problems distributed among chapters according to the scheme published in the Body of Knowledge. It is suggested that the reader study a particular chapter, repeating any calculations independently, and then do the supplementary problems for that chapter. After attaining success with all chapters, the reader may complete the simulated exam to confirm mastery of the entire Six Sigma Black Belt Body of Knowledge. —The Authors
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W



e decided to number chapters and sections by the same method used in the Body of Knowledge (BOK) specified for the Certified Six Sigma Black Belt examination. This made for some awkward placement (the normal distribution is referred to several times before it is defined), and in some cases, redundancy. We thought the ease of access for readers, who might be struggling with some particular point in the BOK, would more than balance these disadvantages. The enclosed CD contains supplementary problems covering each chapter and a simulated exam that has problems distributed among chapters according to the scheme published in the Body of Knowledge. It is suggested that the reader study a particular chapter, repeating any calculations independently, and then do the supplementary problems for that chapter. After attaining success with all chapters, the reader may complete the simulated exam to confirm mastery of the entire Six Sigma Black Belt Body of Knowledge. —The Authors
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Chapter 1 Part I.A.1



Enterprise-Wide View



HISTORY OF CONTINUOUS IMPROVEMENT Describe the origins of continuous improvement and its impact on other improvement models. (Remember) Body of Knowledge I.A.1



Most of the techniques found in the Six Sigma toolbox have been available for some time, thanks to the groundbreaking work of many professionals in the quality sciences. Walter A. Shewhart worked at the Hawthorne plant of Western Electric, where he developed and used control charts. He is sometimes referred to as the father of statistical quality control (SQC) because he brought together the disciplines of statistics, engineering, and economics. He describes the basic principles of SQC in his book Economic Control of Quality of Manufactured Product (1931). He was the first honorary member of the American Society for Quality (ASQ). W. Edwards Deming developed a list of 14 points in which he emphasized the need for change in management structure and attitudes. As stated in his book Out of the Crisis (1986), these 14 points are as follows: 1. Create constancy of purpose for improvement of product and service. 2. Adopt a new philosophy. 3. Cease dependence on inspection to achieve quality. 4. End the practice of awarding business on the basis of price tag alone. Instead, minimize total cost by working with a single supplier. 5. Improve constantly and forever every process for planning, production, and service. 6. Institute training on the job. 7. Adopt and institute leadership. 8. Drive out fear. 9. Break down barriers between staff areas. 2
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10. Eliminate slogans, exhortations, and targets for the workforce. 11. Eliminate numerical quotas for the workforce and numerical goals for management.



13. Institute a vigorous program of education and self-improvement for everyone.



Part I.A.1



12. Remove barriers that rob people of pride of workmanship. Eliminate the annual rating or merit system.



14. Put everybody in the company to work to accomplish the transformation. Joseph M. Juran pursued a varied career in management beginning in 1924 as an engineer, executive, government administrator, university professor, labor arbitrator, corporate director, and consultant. He developed the Juran trilogy, three managerial processes—quality planning, quality control, and quality improvement—for use in managing for quality. Juran wrote hundreds of papers and 12 books, including Juran’s Quality Control Handbook (1999), Juran’s Quality Planning & Analysis for Enterprise Quality (with F. M. Gryna; 2007), and Juran on Leadership for Quality (2003). His approach to quality improvement includes the following points: • Create awareness of the need and opportunity for improvement • Mandate quality improvement; make it a part of every job description • Create the infrastructure: Establish a quality council; select projects for improvement; appoint teams; provide facilitators • Provide training in how to improve quality • Review progress regularly • Give recognition to the winning teams • Propagandize the results • Revise the reward system to enforce the rate of improvement • Maintain momentum by enlarging the business plan to include goals for quality improvement Deming and Juran worked in both the United States and Japan to help businesses understand the importance of continuous process improvement. Philip B. Crosby, who originated the zero defects concept, was an ASQ honorary member and past president. He wrote many books, including Quality Is Free (1979), Quality without Tears (1984), Let’s Talk Quality (1990), and Leading: The Art of Becoming an Executive (1990). Crosby’s 14 steps to quality improvement are as follows: 1. Make it clear that management is committed to quality 2. Form quality improvement teams with representatives from each department 3. Determine how to measure where current and potential quality problems lie
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4. Evaluate the cost of quality and explain its use as a management tool 5. Raise the quality awareness and personal concern of all employees



Part I.A.1



6. Take formal actions to correct problems identified through previous steps 7. Establish a committee for the zero defects program 8. Train all employees to actively carry out their part of the quality improvement program 9. Hold a “zero defects day” to let all employees realize that there has been a change 10. Encourage individuals to establish improvement goals for themselves and their groups 11. Encourage employees to communicate to management the obstacles they face in attaining their improvement goals 12. Recognize and appreciate those who participate 13. Establish quality councils to communicate on a regular basis 14. Do it all over again to emphasize that the quality improvement program never ends Armand V. Feigenbaum originated the concept of total quality control in his book Total Quality Control (1991), first published in 1951. The book has been translated into many languages, including Japanese, Chinese, French, and Spanish. Feigenbaum is an ASQ honorary member and served as ASQ president for two consecutive terms. He lists three steps to quality: 1. Quality leadership 2. Modern quality technology 3. Organizational commitment Kaoru Ishikawa (1985) developed the cause-and-effect diagram. He worked with Deming through the Union of Japanese Scientists and Engineers (JUSE). The following points summarize Ishikawa’s philosophy: • Quality first—not short-term profit first. • Consumer orientation—not producer orientation. Think from the standpoint of the other party. • The next process is your customer—breaking down the barrier of sectionalism. • Using facts and data to make presentations—utilization of statistical methods. • Respect for humanity as a management philosophy—full participatory management. • Cross-function management.
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Table 1.1



Some approaches to quality over the years.



Quality approach



Approximate time frame



Short description



Quality circles



1979–1981



Quality improvement or self-improvement study groups composed of a small number of employees (10 or fewer) and their supervisor. Quality circles originated in Japan, where they are called quality control circles.



Statistical process control (SPC)



Mid-1980s



The application of statistical techniques to control a process. Also called “statistical quality control.”



ISO 9000



1987–present



A set of international standards on quality management and quality assurance developed to help companies effectively document the quality system elements to be implemented to maintain an efficient quality system. The standards, initially published in 1987, are not specific to any particular industry, product, or service. The standards were developed by the International Organization for Standardization (ISO), a specialized international agency for standardization composed of the national standards bodies of 91 countries. The standards underwent major revision in 2000 and now include ISO 9000:2005 (definitions), ISO 9001:2008 (requirements), and ISO 9004:2000 (continuous improvement).



Reengineering



1996–1997



A breakthrough approach involving the restructuring of an entire organization and its processes.



Benchmarking



1988–1996



An improvement process in which a company measures its performance against that of best-in-class companies, determines how those companies achieved their performance levels, and uses the information to improve its own performance. The subjects that can be benchmarked include strategies, operations, processes, and procedures.



1990s–present



A management concept that helps managers at all levels monitor their results in their key areas.



Balanced Scorecard



Part I.A.1



Genichi Taguchi taught that any departure from the nominal or target value for a characteristic represents a loss to society. He also popularized the use of fractional factorial experiments and stressed the concept of robustness. In addition to these noted individuals, Toyota Motor Company has been recognized as the leader in developing the concept of lean manufacturing systems. Various approaches to quality have been in vogue over the years, as shown in Table 1.1.



Continued
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Part I.A.2



Table 1.1



Some approaches to quality over the years. Continued



Quality approach



Approximate time frame



Baldrige Award Criteria



1987–present



An award established by the U.S. Congress in 1987 to raise awareness of quality management and recognize U.S. companies that have implemented successful quality management systems. Two awards may be given annually in each of six categories: manufacturing company, service company, small business, education, health care, and nonprofit. The award is named after the late secretary of commerce Malcolm Baldrige, a proponent of quality management. The U.S. Commerce Department’s National Institute of Standards and Technology manages the award, and ASQ administers it.



Six Sigma



1995–present



As described in Chapter 1.



Lean manufacturing



2000–present



As described in Chapter 1.



Lean-Six Sigma



2002–present



This approach combines the individual concepts of Lean and Six Sigma and recognizes that both are necessary to effectively drive sustained improvement.



Short description



VALUE AND FOUNDATIONS OF SIX SIGMA Describe the value of Six Sigma, its philosophy, history, and goals. (Understand) Body of Knowledge I.A.2



A wide range of companies have found that when the Six Sigma philosophy is fully embraced, the enterprise thrives. What is this Six Sigma philosophy? Several definitions have been proposed, with the following common threads: • Use of teams that are assigned well-defined projects that have direct impact on the organization’s bottom line. • Training in statistical thinking at all levels and providing key people with extensive training in advanced statistics and project management. These key people are designated “Black Belts.” • Emphasis on the DMAIC approach to problem solving: define, measure, analyze, improve, and control. • A management environment that supports these initiatives as a business strategy. The literature is replete with examples of projects that have returned high dollar amounts to the organizations involved. Black Belts are often required to manage
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four projects per year for a total of $500,000–$5,000,000 in contributions to the company’s bottom line. Opinions on the definition of Six Sigma differ:



Part I.A.3



• Philosophy—The philosophical perspective views all work as processes that can be defined, measured, analyzed, improved, and controlled (DMAIC). Processes require inputs and produce outputs. If you control the inputs, you will control the outputs. This is generally expressed as the y = f(x) concept. • Set of tools—Six Sigma as a set of tools includes all the qualitative and quantitative techniques used by the Six Sigma expert to drive process improvement. A few such tools include statistical process control (SPC), control charts, failure mode and effects analysis, and process mapping. Six Sigma professionals do not totally agree as to exactly which tools constitute the set. • Methodology—The methodological view of Six Sigma recognizes the underlying and rigorous approach known as DMAIC. DMAIC defines the steps a Six Sigma practitioner is expected to follow, starting with identifying the problem and ending with implementing long-lasting solutions. While DMAIC is not the only Six Sigma methodology in use, it is certainly the most widely adopted and recognized. • Metrics—In simple terms, Six Sigma quality performance means 3.4 defects per million opportunities (accounting for a 1.5-sigma shift in the mean). In the first edition of this book, we used the following to define Six Sigma: Six Sigma is a fact-based, data-driven philosophy of improvement that values defect prevention over defect detection. It drives customer satisfaction and bottom-line results by reducing variation and waste, thereby promoting a competitive advantage. It applies anywhere variation and waste exist, and every employee should be involved. However, going forward, we combined the definitions of Lean and Six Sigma and proffer a definition for Lean-Six Sigma. This is discussed in detail in Section I.A.4.



VALUE AND FOUNDATIONS OF LEAN Describe the value of Lean, its philosophy, history, and goals. (Understand) Body of Knowledge I.A.3



The term “lean thinking” refers to the use of ideas originally employed in lean manufacturing to improve functions in all departments of an enterprise. The National Institute of Standards and Technology (NIST), through its Manufacturing Extension Partnership, defines Lean as follows:
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Part I.A.4



A systematic approach to identifying and eliminating waste (non-value-added activities) through continuous improvement by flowing the product at the pull of the customer in pursuit of perfection. ASQ defines the phrase “non-value-added” as follows: A term that describes a process step or function that is not required for the direct achievement of process output. This step or function is identified and examined for potential elimination. This represents a shift in focus for manufacturing engineering, which has traditionally studied ways to improve value-added functions and activities (for example, how can this process run faster and more precisely). Lean thinking doesn’t ignore the valued-added activities, but it does shine the spotlight on waste. A discussion of various categories of wastes is provided in the waste analysis section of Chapter 27. Lean manufacturing seeks to eliminate or reduce these wastes by use of the following: • Teamwork with well-informed cross-trained employees who participate in the decisions that impact their function • Clean, organized, and well-marked work spaces • Flow systems instead of batch and queue (that is, reduce batch size toward its ultimate ideal, one) • Pull systems instead of push systems (that is, replenish what the customer has consumed) • Reduced lead times through more efficient processing, setups, and scheduling The history of lean thinking may be traced to Eli Whitney, who is credited with spreading the concept of part interchangeability. Henry Ford, who went to great lengths to reduce cycle times, furthered the idea of lean thinking, and later, the Toyota Production System (TPS) packaged most of the tools and concepts now known as lean manufacturing.



INTEGRATION OF LEAN AND SIX SIGMA Describe the relationship between Lean and Six Sigma. (Understand) Body of Knowledge I.A.4



After reading the description in the last few paragraphs of Section I.A.2, Six Sigma purists will be quick to say, “You’re not just talking about Six Sigma; you’re talking about Lean too.” The demarcation between Six Sigma and Lean has blurred. We are hearing about terms such as “Lean-Six Sigma” with greater frequency because process improvement requires aspects of both approaches to attain positive results.
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Part I.A.5



Six Sigma focuses on reducing process variation and enhancing process control, whereas Lean—also known as lean manufacturing—drives out waste (non-value-added) and promotes work standardization and flow. Six Sigma practitioners should be well versed in both. More details of what is sometimes referred to as lean thinking are given in Chapters 29–33. Lean and Six Sigma have the same general purpose of providing the customer with the best possible quality, cost, delivery, and a newer attribute, nimbleness. There is a great deal of overlap, and disciples of both disagree as to which techniques belong where. Six Sigma Black Belts need to know a lot about Lean (witness the appearance of lean topics in the Body of Knowledge for Black Belt certification). The two initiatives approach their common purpose from slightly different angles: • Lean focuses on waste reduction, whereas Six Sigma emphasizes variation reduction • Lean achieves its goals by using less technical tools such as kaizen, workplace organization, and visual controls, whereas Six Sigma tends to use statistical data analysis, design of experiments, and hypothesis tests The most successful users of implementations have begun with the lean approach, making the workplace as efficient and effective as possible, reducing the (now) eight wastes, and using value stream maps to improve understanding and throughput. When process problems remain, the more technical Six Sigma statistical tools may be applied. One thing they have in common is that both require strong management support to make them the standard way of doing business. Some organizations have responded to this dichotomy of approaches by forming a Lean-Six Sigma problem-solving team with specialists in the various aspects of each discipline but with each member cognizant of others’ fields. Task forces from this team are formed and reshaped depending on the problem at hand. Given the earlier discussion, we believe a combined definition is required and proffer the following: Lean-Six Sigma is a fact-based, data-driven philosophy of improvement that values defect prevention over defect detection. It drives customer satisfaction and bottom-line results by reducing variation, waste, and cycle time, while promoting the use of work standardization and flow, thereby creating a competitive advantage. It applies anywhere variation and waste exist, and every employee should be involved.



BUSINESS PROCESSES AND SYSTEMS Describe the relationship among various business processes (design, production, purchasing, accounting, sales, etc.) and the impact these relationships can have on business systems. (Understand) Body of Knowledge I.A.5
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Number of hours



Calculate gross pay



Over $100?



Yes



Deduct tax No



Hourly rate



Deduct Social Security



Print check



Figure 1.1



Example of a process flowchart.



Processes A process is a series of steps designed to produce products and/or services. A process is often diagrammed with a flowchart depicting inputs, the path that material or information follows, and outputs. An example of a process flowchart is shown in Figure 1.1. Understanding and improving processes is a key part of every Six Sigma project. The basic strategy of Six Sigma is contained in DMAIC. These steps constitute the cycle Six Sigma practitioners use to manage problem-solving projects. The individual parts of the DMAIC cycle are explained in Chapters 15–38.



Business Systems A business system is designed to implement a process or, more commonly, a set of processes. Business systems make certain that process inputs are in the right place at the right time so that each step of the process has the resources it needs. Perhaps most importantly, a business system must have as its goal the continual improvement of its processes, products, and services. To this end, the business system is responsible for collecting and analyzing data from the process and other sources that will help in the continual incremental improvement of process outputs. Figure 1.2 illustrates relationships among systems, processes, subprocesses, and steps. Note that each part of a system can be broken into a series of processes, each of which may have subprocesses. The subprocesses may be further broken into steps.



SIX SIGMA AND LEAN APPLICATIONS Describe how these tools are applied to processes in all types of enterprises: manufacturing, service, transactional, product and process design, innovation, etc. (Understand) Body of Knowledge I.A.6
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Systems



Part I.A.6



Processes



Subprocesses



Steps



Figure 1.2



Relationship among systems, processes, subprocesses, and steps.



The most successful implementations of Lean and Six Sigma have an oversight group with top management representation and support. This group defines and prioritizes problems and establishes teams to solve them. The oversight group is responsible for maintaining a systemic approach. It also provides the training, support, recognition, and rewards for teams. The following are examples of problems that would be assigned to teams: • A number of customers of an accounting firm have complained about the amount of time the firm takes to perform an audit. The oversight group forms a team consisting of three auditors (one of them a lead auditor), two cost accountants, and two representatives from the firm’s top customers. The oversight group asks the team to determine if the lead time is indeed inordinate and to propose measures that will reduce it. The team begins by benchmarking (see Chapter 5) a customer’s internal audit process. After allowing for differences between internal and external audits, the team concludes that the lead time should be shortened. The team next uses the material discussed in Chapter 18 to construct a value stream map, which displays work in progress, cycle times, and communication channels. A careful study of the map data shows several areas where lead time can be decreased. • A team has been formed to reduce cycle times on an appliance assembly line. The team consists of the 12 workers on the line (six from each of the two shifts) as well as the 2 shift coaches and the line supervisor. Although this makes a large team, it helps ensure that everyone’s creative energy is tapped. The team decides to start a job rotation process in which each assembler will work one station for a month and then move on to the next station. After three months the workers universally dislike this procedure, but they agree to continue through at
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least one complete rotation. At the end of nine months, or one and a half rotations, the team acknowledges that the rotation system has helped improve standard work (see Chapter 29) because each person better understands what the next person needs. They are also better equipped to accommodate absences and the training of new people. The resulting reduction in cycle times surprises everyone. • A team has been charged with improving the operation of a shuttle brazer. Automotive radiators are loaded on this machine and shuttled through a series of gas-fired torches to braze the connections. The operator can adjust the shuttle speed, wait time, gas pressure, torch angle, and torch height. There is a tendency to adjust one or more of these settings to produce leak-free joints, but no one seems to know the best settings. The team decides to conduct a full factorial 25 designed experiment with four replications (see Chapter 28) during a planned plant shutdown. • A company is plagued with failure to meet deadlines for software projects. A team is formed to study and improve the design/code/test process. The team splits into three subteams, one for each phase. The design subteam discovers that this crucial phase endures excess variation in the form of customer needs. This occurs because customers change the requirements and because sometimes the software package is designed to serve multiple customers whose needs aren’t known until late in the design phase. The subteam helps the designers develop a generic Gantt chart (see Chapter 17) for the design phase itself. It also establishes a better process for determining potential customer needs (see Chapter 15). The design group decides to develop configurable software packages that permit the user to specify the functions needed. The coding subteam finds that those responsible for writing the actual code are often involved with multiple projects, leading to tension between project managers. This results in spurts of activity and concentration being spent on several projects with the resulting inefficiencies. The subteam collaborates with the project manager to establish a format for prioritization matrices (see Chapter 13), which provide better guidance for coders. The testing subteam determines that there is poor communication between designers and testers regarding critical functions, especially those that appeared late in the design phase. After discussions with those involved, it is decided that for each project a representative of the testing group should be an ex officio member of the design group.
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kanban systems for, 332–333 poka-yoke for, 335–336 pull systems for, 333–334 standard work for, 334 Weibull distributions, 160t, 165–166 Whitney, Eli, 8 Wilcoxon signed-rank test, critical values for, 560 within-system variation, 98 work group teams, 38 work in progress (WIP), 82



H1325_Kubiak_BOOK.indb 620



work in queue (WIQ), 82 written procedures, 84–85, 85f, 86f



X Xbar – R chart, 362–364 Xbar – s chart, 364–365



Z zero defects concept, 3
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