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Introduction

There are now many excellent books on Six Sigma. Many of these emphasize the deployment issues of Six Sigma, providing valuable insight into the big-picture issues required for successful implementation of Six Sigma at an organizational level. These issues, including management responsibility, resource allocation, and customer focus, are summarized in Chapter 1.

Successful Six Sigma deployment involves continual success of projects, each incrementally moving the organization closer to its strategic goals of shareholder return, employee growth, and customer satisfaction. Each project, in turn, progresses from its initial definition through the define, measure, analyze, improve, and control (DMAIC) cycle to the maturity of financial reward. This project evolution requires much attention to detail by the project team, including its black belt, green belts, and sponsor. Unfortunately, many Six Sigma books fail to develop the detail of the tools necessary for practical use, or they cover only a small handful of the tools required for an organization’s projects. Readers are not provided clear benefits for the tools or may wonder if the tools may be applied to their specific processes and projects.

I am often asked by clients, “How does Six Sigma apply to us?” Each industry tends to approach problems as if no other market segment has experienced the same problems, now or ever. Even if the problems were the same, the solutions certainly can’t apply across industries.

Some books provide far too much statistical back-ground for the tools. Readers are forced to endure aca-demic derivations of formulas or statistical tests that have limited use in today’s computerized world. This tends to force the focus away from the practical use and limitations of the tools.

Six Sigma Demystified is written to address these needs. This Second Edition has taken the input of the many thousands of readers of the First Edition to further refine specific topics, as well as to provide further detail on using Minitab and Excel to solve common problems found in both service and industrial settings, as well as certification exams.

How to Use This Book

The book’s presentation is based on the implementation strategy for Six Sigma. Part 1 addresses the management responsibilities for developing a coherent infrastructure to support successful Six Sigma projects. Part 2 addresses the details of deploying Six Sigma projects using the Six Sigma define, measure, analyze, improve, and control (DMAIC) problem-solving methodology. Each chapter in Parts 1 and 2 concludes with exercises to test the subject matter expertise of the reader. Section exams are also provided for Parts 1 and 2, in addition to a final exam addressing the entire scope of the text. Solutions to the questions are provided at the end of the book.

Part 3 of the book serves as a reference guide to detail the statistical, lean, and problem-solving tools used most often in the DMAIC project deployment. It includes a variety of tools useful to Six Sigma teams, each presented within the context of an objective for a particular stage of DMAIC. Since many tools have applications within multiple stages of DMAIC, each tool description includes a “When to Use” section relating to the DMAIC methodology and its objectives. Detailed interpretation of each tool is also provided, with reference to other tools that should be used in conjunction with that tool for full effectiveness. Calculations and assumptions are provided as needed, as are detailed examples of their use in popular software such as MS Excel, Minitab, and Green Belt XL. To attract interest from the widest audience, many examples are provided for service processes.

This book may be used for training groups of black belts and green belts or for self-study to master the tools and methodology of Six Sigma. Students may download example files and free (limited-time use) copies of the Green Belt XL software at www.qualityamerica.com\downloads.

I hope that you will find this book useful in your Six Sigma journey.


PART I
Preparing for Deployment




chapter 1
Deployment Strategy

What Is Six Sigma?

Sigma (σ) is the Greek letter used by statisticians to denote the standard deviation for a set of data. The standard deviation provides an estimate of the variation in a set of measured data. A stated sigma level, such as Six Sigma, is used to describe how well the process variation meets the customer’s requirements.

Figure 1.1 illustrates the Six Sigma level of performance for a stable process. The process data are represented by the bell-shaped distribution shown. Using the calculated value of the standard deviation (σ), the distance from the process centerline to any value can be expressed in sigma units. For example, consider the teller station at a bank whose average customer wait time (or time in queue) is 7.5 minutes with a standard deviation of the wait time calculated as 1 minute. Six standard deviations, or 6σ, from the average is 1.5 minutes (in the negative direction) and 13.5 minutes (in the positive direction).

Separately, through the use of customer surveys, focus groups, or simple feedback, customer requirements may have been established for the process. In this case, the process is likely to have only an upper specification limit defined by the customers; there is no minimum limit to desirable wait times.
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FIGURE 1.1 Six Sigma level of performance for a stable process.

If this upper specification coincides exactly with the plus 6σ level (i.e., 13.5 minutes), then the process is at the Six Sigma level of performance. The implication is that the customer wait time will exceed the customer requirements only a very small percentage of the time. Similarly, if the maximum allowable customer wait time is 10 minutes, then the process would be operating at only a 2.5σ level of performance, indicating an increased risk of customers exceeding this maximum wait time.

Although the normal distribution tables discussed later in this text indicate that the probability of exceeding 6 standard deviations (i.e., z = 6) is two times in a billion opportunities, the accepted error rate for Six Sigma processes is 3.4 defects per million opportunities (DPMO). Why the difference? When Motorola was developing the quality system that would become Six Sigma, an engineer named Bill Smith, considered the father of Six Sigma, noticed that external failure rates were not well predicted by internal estimates. Instead, external defect rates seemed to be consistently higher than expected. Smith reasoned that a long-term shift of 1.5σ in the process mean would explain the difference. In this way, Motorola defined the Six Sigma process as one that will achieve a long-term error rate of 3.4 DPMO, which equates to 4.5 standard deviations from the average. While this may seem arbitrary, it has become the industry standard for both product and service industries.

These concepts have been applied successfully across a broad range of processes, organizations, and business sectors with low and high volumes and millions or billions in revenue and even in nonprofit organizations. Any process can experience an error, or defect, from a customer’s point of view. The error may be related to the quality, timeliness, or cost of the product or service. Once defined, the Six Sigma techniques can be applied to methodically reduce the error rate to improve customer satisfaction.
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FIGURE 1.2 Sigma ranges for the activities shown, based on published defect rates. (Keller, 2001.)

Using the curve shown in Figure 1.2 (Keller, 2001), any known process error rate can be converted directly to a σ level. Most companies, including those with typical total quality management (TQM)-type programs, operate in the 3σ to 4σ range based on their published defect rates. In Figure 1.2, airline baggage handling, order processing, tech center wait time, and flight on-time performance fall in the general area from 3σ to 4σ.

Notice that the y axis, representing DPMO, is logarithmically scaled. As sigma level is increased, the defects per million opportunities decreases exponentially. For example, in moving from 3σ to 4σ, the DPMO drops from 67,000 to 6,500 and then to just over 200 at 5σ.

Moving from left to right along the curve in Figure 1.2, the quality levels improve. Companies operating at between 2σ and 3σ levels cannot be profitable for very long, so, not surprisingly, only monopolies, government agencies, or others with captive customers can afford to operate at these levels.

It’s clear that significant improvement in customer satisfaction is realized in moving from 3σ to 4σ. Moving beyond 4σ or 5σ involves squeezing out every last drop of potential improvement. Six Sigma is truly a significant achievement, requiring what Joseph Juran termed breakthrough thinking (Juran and Gryna, 1988).
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FIGURE 1.3 Cost of quality as a percent of sales for organizations at a specified sigma level. (Keller, 2001.)

There is some criticism of the DPMO focus, specifically with the definition of an opportunity. In counting opportunities for error in a deposit transaction at a bank, how many opportunities are there for error? Is each contact with a customer a single opportunity for error? Or should all the possible opportunities for error be counted, such as the recording of an incorrect deposit sum, providing the wrong change to the customer, depositing to the wrong account, and so on? This is an important distinction because increasing the number of potential opportunities in the denominator of the DPMO calculation decreases the resulting DPMO, increasing the sigma level.

Obviously, an artificially inflated sigma level does not lead to higher levels of customer satisfaction or profitability. Unfortunately, there will always be some who try to “game” the system in this manner, which detracts from the Six Sigma programs that estimate customer satisfaction levels honestly.

Since DPMO calculations can be misleading, many successful Six Sigma programs shun the focus on DPMO. In these programs, progress is measured in other terms, including profitability, customer satisfaction, and employee retention. Characteristics of appropriate metrics are discussed in more detail later in this section.

The financial contributions made by Six Sigma processes are perhaps the most interesting to focus on. The cost of quality can be measured for any organization using established criteria and categories of cost. In Figure 1.3, the y axis represents the cost of quality as a percentage of sales. For a 2σ organization, roughly 50 percent of sales is spent on non-value-added activities. It’s easy to see now why for-profit organizations can’t exist at the 2σ level.

At 3σ to 4σ, where most organizations operate, an organization spends about 15 to 25 percent of its sales on “quality-related” activities. If this sounds high, consider all the non-value-added costs associated with poor quality: quality assurance departments, customer complaint departments, returns, and warranty repairs. These associated activities and costs are sometimes referred to as the “hidden factory,” illustrating the resource drain they place on the organization.

For many organizations, quality costs are hidden costs. Unless specific quality cost identification efforts have been undertaken, few accounting systems include provision for identifying quality costs. Because of this, unmeasured quality costs tend to increase. Poor quality affects companies in two ways: higher cost and lower customer satisfaction. The lower satisfaction creates price pressure and lost sales, which results in lower revenues. The combination of higher cost and lower revenues eventually brings on a crisis that may threaten the very existence of the company. Rigorous cost of quality measurement is one technique for preventing such a crisis from occurring.

It’s not uncommon for detailed quality audits to reveal that 50 percent of the quality costs go unreported to management, buried in general operating costs. Often these costs are considered “the cost of doing business” to ensure a high-quality product or service to the customer. Reworking, fine-tuning, touch-ups, management approvals, next-day deliveries to compensate for delayed or failed processes, and fixing invoice errors are all non-value-added costs that may go unreported.

As an organization moves to a 5σ level of performance, its cost of quality drops to around 5 percent of sales. The Six Sigma organization can expect to spend between 1 and 2 percent of sales on quality-related issues.

How are these cost savings achieved? As a company moves from 3σ to 4σ and then to 5σ, its quality costs move from “failure costs” (such as warranty repairs, customer complaints, and so on) to “prevention costs” (such as reliability analysis in design or customer surveys to reveal requirements). Consider the increased costs incurred when customers detect problems. A common rule of thumb is that an error costing $1 to prevent will cost $10 to detect and correct in-house and $100 to remedy if the customer detects it. These orders of magnitude provide an incentive to move toward error prevention.

The cost of quality also drops quickly as dollars that go to waste in a 3σ organization (owing to failure costs) go directly to the bottom line in a Six Sigma organization to be reinvested in value-added activities that boost revenue. Thus, while the 3σ organization is forever in “catch-up” or “firefighting” mode, the Six Sigma organization is able to fully use its resources for revenue generation. This infusion of capital helps the sales side of the equation, so the cost of quality as a percentage of sales (shown in Figure 1.3) drops more quickly.

Differences Between Six Sigma and Total Quality Management (TQM)

There are four key differences between a Six Sigma deployment and TQM-style implementations (Keller, 2001):

• Project focus and duration. Six Sigma deployment revolves around Six Sigma projects. Projects are defined that will concentrate on one or more key areas: cost, schedule, and quality. (Note that other possible considerations, such as safety or product development, could be restated in terms of cost, schedule, and/or quality, as will be described later in this book.) Projects may be developed by senior leaders for deployment at the business level or developed with process owners at an operational level. In all cases, projects are linked directly to the strategic goals of the organization and approved for deployment by high-ranking sponsors.

The project sponsor, as a leader in the organization, works with the project leader (usually a black belt) to define the scope, objective(s), and deliverables of the project. The sponsor ensures that resources are available for the project members and that person builds support for the project at upper levels of management as needed. All this is documented in a project charter, which serves as a contract between the sponsor and the project team.

The scope of a project is typically set for completion in a three- to four-month time frame. Management sets criteria for minimal annualized return on projects, such as $100,000. The structure of the project and its charter keep the project focused. The project has a planned conclusion date with known deliverables. And it has buy-in from top management. These requirements, together with the Six Sigma tools and techniques, build project success.

• Organizational support and infrastructure. As shown in the next section, a proper Six Sigma deployment provides an infrastructure for success. The deployment is led by the executive staff, who use Six Sigma projects to further their strategic goals and objectives. The program is actively championed by middle- and upper-level leaders, who sponsor specific projects in their functional areas to meet the challenges laid down by their divisional leaders (in terms of the strategic goals). Black belts are trained as full-time project leaders in the area of statistical analysis, whereas process personnel are trained as green belts to assist in projects as process experts. Master black belts serve as mentors to the black belts and deployment experts to the managerial staff.

• Clear and consistent methodology. A somewhat standard methodology has been developed for Six Sigma projects, abbreviated as DMAIC (pronounced “dah-may-ick”), an acronym for the define, measure, analyze, improve, and control stages of the project. This discipline ensures that Six Sigma projects are clearly defined and implemented and prevents the recurrence of issues.

• Top-down training. A properly structured deployment starts at the top, with training of key management. Six Sigma champions, consisting of executive-level decision makers and functional managers, are necessary to align the Six Sigma program with the organization’s business objectives through project sponsorship and to allocate resources to project teams. Without committed champions supporting them, black belts lack the authority, resources, and business integration necessary for project success.

The result of a properly implemented Six Sigma deployment is data-driven decision making at all levels of the organization that is geared toward satisfying critical needs of key stakeholders.

Six Sigma deployment doesn’t cost, it pays. With minimum savings of $100,000 per project, the Six Sigma training projects will provide financial returns that far exceed the cost of the training. This “reward as you go” deployment strategy has proven beneficial to organizations of all sizes.

If you’re still unsure whether a Six Sigma program is the right path for your organization, consider the impact on market share if your closest competitor implemented a Six Sigma program and you didn’t.

Six Sigma and Lean

A proper Six Sigma deployment includes use of the lean tools and methods. In this regard, there is no difference between a properly developed Six Sigma program and a lean Six Sigma program. Six Sigma (aka lean Six Sigma) is a deployment strategy for implementing value-added improvement projects aligned with an organization’s business needs. These focused projects target critical-to-quality (CTQ), critical-to-schedule (CTS), and/or critical-to-cost (CTC) opportunities within an organization. Six Sigma uses a variety of tools and methods, including statistical (i.e., enumerative stats, statistical process control, and designed experiments), problem-solving, consensus-building, and lean tools. A given project may not use all the tools, yet most organizations find that they need most of the tools at any given time. Lean provides essential methods to define value and waste to improve an organization’s responsiveness to customer needs. As such, the lean methods provide a critical means of accomplishing the Six Sigma goals. Similarly, the lean methods require the use of data, and statistics provide the necessary methods for data analysis. It’s unfortunate that some lean advocates and some lean Six Sigma programs do not stress the critical importance of the statistical tools in their analysis because this lack of rigor will prevent lean-focused projects from realizing their full potential.

Elements of a Successful Deployment

Jack Welch, former CEO of General Electric, said: “This is not the program of the month. This is a discipline. This will be forever” (Slater, 1999).

Six Sigma is primarily a management program. For many organizations, it will fundamentally change the way they operate. It must, if it is to achieve the levels of improvement shown earlier. Consider that moving from 3σ to 4σ means a 91 percent reduction in defects; from 4σ to 5σ, an additional 96 percent; and from 5σ to Six Sigma, a 99 percent further reduction. Without strong management and leadership, the time, effort, and expertise of the Six Sigma project team will be wasted, and results will not be achieved.

Program success is based on the following four factors, presented in order of importance:

• Support and participation of top management

• Sufficient resource allocation to improvement teams

• Data-driven decision making using DMAIC

• Measurement and feedback of key process characteristics

Management Support and Participation

A successful Six Sigma program must be integrated into the organization’s business strategy. Active participation by leaders in the organization will ensure program survival.

As with most initiatives he launched as CEO of General Electric, Jack Welch was nearly fanatical about the Six Sigma program. In a January 1997 meeting, only a year after officially announcing the inception of the program to his managers, he challenged them:

You’ve got to be passionate lunatics about the quality issue.… This has to be central to everything you do every day. Your meetings. Your speeches. Your reviews. Your hiring. Every one of you here is a quality champion or you shouldn’t be here.… If you’re not driving quality, you should take your skills elsewhere. Because quality is what this company is all about. Six Sigma must become the common language of this company.… This is all about better business and better operating results. In 1997, I want you to promote your best people. Show the world that people who make the big quality leadership contributions are the leaders we want across the business [Slater, 1999].

To get the most from the endeavor, management must actively support the Six Sigma initiative. Welch urged management to find opportunities to motivate employees to use Six Sigma in meetings, speeches, reviews, and hiring.

Jack Welch further challenged his executive vice presidents by tying 40 percent of their bonuses to specific bottom-line improvements from their Six Sigma initiatives (Slater, 1999). He realized that it was critical to move beyond mere words and to demonstrate commitment with leadership and results. This participation from senior management, through integration with the company’s business strategy and practices, marked a key departure from run-of-the-mill TQM initiatives, where leadership was delegated to departments with little authority or few resources.

The key priorities for management leadership include

• Define objectives and goals of the program. How is program success measured?

• Develop the business strategy based on key customer requirements and market conditions. Are there market opportunities that build on the core competencies of the business? Are there competitor weaknesses that can be challenged? By reviewing market, operational, and customer-feedback data, areas of opportunity are identified. Which improvements will have the greatest impact on the financial status of the organization? Where are its key losses, the “low-hanging fruit,” for the first wave of projects? Some of these data are probably already compiled. A review may reveal gaps in the information that require changes to data-acquisition methods. Business-level Six Sigma projects provide a sound approach to understanding these issues.

• Define business-level metrics for customer, employee, and shareholder requirements. Establish baselines and dashboards (measurement standards) for easy synthesis of data needed to gauge the success of the program and highlight hot opportunities. (Metrics are discussed further in the “Measurement and Feedback” section later in this chapter.)

• Establish project selection, assignment, and approval criteria. Project selection criteria should be aligned with the business strategy. (This is discussed further in the “Project Selection” section of Chapter 3.) Define key players for assigning and approving projects.

• Market the program to the organization. Construct, conduct, and analyze organizational assessment to identify obstacles to deployment within organizational levels. These perceptions are important to understand so that strengths can be built on and weaknesses addressed. Larger organizations always need this internal buy-in. Many times, smaller organizations do as well. Use an employee-focused dashboard to track progress.

• Select and train the deployment team. Personnel moves send strong signals. By selecting the best and brightest (the A team) for key black belt, champion, and green belt positions in the first wave of deployment, management sends a clear signal: This effort is not just important—it is the most important thing we’re doing. Training people to do it right sends the message that failure is not an option.

• Develop a human resource strategy to retain black belts and motivate middle management to support and contribute to the program. By giving employees incentives and ensuring that leadership maintains its priority, management says that there is no going back.

Resource Allocation

Organizations need to plan effectively for the human resource needs of their Six Sigma projects. Access to other resources, such as operational processes, also will require difficult prioritization decisions.

Resource allocation is a critical challenge for any organization. You often hear, “Our people already feel overworked.” In many smaller organizations, resource allocation is further complicated because employees “wear several hats,” usually because each function can’t be cost-justified as a full-time position. Furthermore, many of these functions include tasks that are critical to the daily operations, not just the longer-term survival of the firm. Managers may question how they can afford to “lose” key people to the black belt role.

The key to resource allocation is the realization that the Six Sigma program will very quickly pay for itself. When the huge amount of waste in a 3σ organization (25 percent of revenue) is considered, it’s clear that there are tremendous opportunities for these organizations. Many of these opportunities exist simply because of resource constraints: People know the problem exists, have a good understanding of potential solutions, yet lack the time to investigate and deploy the best solution. Only by diverting or adding resources to the system can waste be reduced and profitability improved. The deployment plan should balance expenditures for training and project deployment with the achievable savings predicted in the coming one to three years.

A mature Six Sigma program usually has about 1 percent of its workforce committed as black belts. Once trained properly, these individuals work only on black belt projects. In this regard, they are strictly overhead and contribute nothing directly to the everyday operations.

Full-time black belts will lead four to seven project teams per year. Each team consists of green belts, line personnel, and subject-matter experts involved in the process targeted for improvement. These team members maintain their operational roles in the organization and participate only when serving on a project team. Team facilitators are also sometimes needed to help manage group dynamics and build consensus.

In some organizations, green belts are also designated as project leaders, responsible for completing one to five projects per year. Since this can present conflicts with their daily operational duties, a preferred strategy is for full-time black belts to lead projects. In Chapter 2 we will also discuss the limitations of the green belt’s expertise as an issue with project leadership.

Master black belts provide coaching and other expertise to black belts. They typically have expertise in advanced statistical analysis methods and change management. One master black belt for every 10 black belts is the recommended staffing. In addition, it is useful to appoint a master black belt to assist the executive staff with Six Sigma deployment, technical training development, and technical support for business-level Six Sigma projects.

Smaller companies may have floating black belts who provide expertise to a number of Six Sigma teams throughout the organization. Companies with less than a few hundred employees may use key support personnel in part-time black belt roles, utilizing consultants as master black belts, particularly for the first year or two of deployment. When part-time black belts are used, management assumes a risk in losing project focus to daily operational issues. These resources must be managed effectively by the Six Sigma champions.

Sponsors are middle- to upper-level managers, trained as champions, who authorize, fund, and support the projects through allocation of resources.

Six Sigma project team members will be excused periodically from daily operational duties to work on project-related activities. Other resources (such as equipment and materials) will be diverted from daily operations to gather data. Line managers will need clear signals that upper management not only authorizes this reallocation of resources but also requires it.

Each Six Sigma project should include an estimate of the costs related to deploying the project. These costs are calculated by the accounting department and include labor, materials, and lost production time. Costs are debited against the financial benefits of the project, which also are calculated by the accounting department.

Data-Driven Decision Making

Management needs to lead by example. Managers need to walk the talk. Decisions regarding project selection, incentives to sales or production units, resource allocation, and so on all must be based on sound data analysis. Consider, for example, project selection. If line supervisors have sole authority to allocate resources for projects, then projects might not be aligned with the strategic direction of the business unit or the needs of the external customer simply because line supervisors lack access to that information.

Instead, project selection is a management activity that needs to consider a variety of factors: benefit to customers, probability of success, cost to implement, and time to implement, to name just a few. (See also “Project Selection” in Chapter 3.) By quantifying these factors, management is able to choose projects objectively that use the company’s limited resources effectively.

The DMAIC problem-solving methodology introduced earlier typically is used to acquire data and glean information from the data in the context of a Six Sigma project. The DMAIC methodology is designed to

• Define the problem

• Measure the extent of the problem

• Analyze the sources of variation

• Improve the process

• Control the process for sustained improvement

Readers familiar with quality improvement methods will be reminded of Shewhart’s plan-do-check-act (PDCA) and Deming’s plan-do-study-act (PDSA). These methods are quite similar in their approach, employing cycles of improvement. Once the final step is completed, a new cycle may begin for an additional level of improvement. The key differences between DMAIC and PDSA/PDCA include the prescribed use of specific tools and techniques, particularly in the measure, analyze, and improve stages, as well as the project sponsorship (define stage) and detailed control plans (control stage). DMAIC seeks to address the shortcomings in PDSA/PDCA effectively, at least as PDSA/PDCA were often practiced, if not defined.

Motorola used the MAIC (measure, analyze, improve, control) acronym. General Electric and Allied Signal used DMAIC, which has become more of the standard. General Electric also has varied the methodology for use in product design areas, calling it DMADV, where the second D stands for design and the V for verify. This acronym is used in conjunction with the DFSS (design for Six Sigma) nomenclature. The objectives and approach of the design stage are remarkably similar to those of the improve stage, as is verify to control, making the differences between DMADV and DMAIC subtle. Some companies choose to call it DMAIC in either case for ease of implementation.

Some consultants brand the methodology by adding even more steps. Harry and Schroeder added recognize to the front and standardize and integrate to the end, referring to the product as their “breakthrough strategy,” which takes its name from Juran’s concept of breakthrough developed years earlier to describe methods for achieving orders-of-magnitude improvements in quality. A review of Harry and Schroeder’s definitions of these additional terms shows similarity to the objectives described for each stage of DMAIC in Part 2 of this book. A casual review of Six Sigma practitioners found the DMAIC methodology to be the one used most commonly. Apparently everyone agrees on what essentially will be done; they just don’t agree on what to call it!

Putting these semantics aside, the importance of DMAIC is in its structured approach. This discipline ensures that Six Sigma projects are clearly defined and implemented and that results are standardized in the daily operations.

The DMAIC methodology should be applied from the leadership levels of the organization all the way down to the process level. Whether a project begins at the business level or the process level, the methodology is the same. DMAIC is covered in more detail in Chapters 4 through 8. Part 3 of this book addresses the specific tools referenced in each stage of DMAIC.

Project sponsorship ensures that projects will not be authorized or funded if they fail to provide bottom-line benefits or are too broadly scoped to be achievable in an agreed-on timetable. The sponsor provides the functional authority to break organizational roadblocks and works with other sponsors within the managerial ranks to coordinate projects with overall business needs.

Business projects are championed at the top level of the organization. They concentrate on vital aspects of business success, such as market share, viability, profitability, employee retention, and so on. They may involve purchasing or selling business units or ways to attract or maintain customer base. Because of the scope of business-level projects, the time scale is measured in years rather than months. Some business-level projects may take three to five years to cycle through the Six Sigma process (Harry and Schroeder, 2000), whereas others are completed in less than a year.

As projects are deployed, decisions need to reflect the data. Where data do not exist, sponsors need to motivate the project team to acquire sufficient data to justify decisions made at each stage of DMAIC by asking the right questions. For example: Is the project defined for the correct problems? Does the project attack the root cause or just the symptom? Are the best metrics used to gauge project success? Have the data been analyzed properly? Is the improvement plan sustainable?

Business success will be more closely aligned with project success when management consistently integrates this way of thinking into its daily decisions. Rather than reacting to the crisis of the day, management should understand the differences between common and special causes of variation and react accordingly. Financial incentives to sales or production should be based on metrics encouraging long-term customer satisfaction, business growth, and viability. For example, yield estimates that ignore the hidden costs of rework or customer returns provide poor incentive for production to satisfy external customer needs or longer-term viability.

There is a wealth of information available to management on which to base decision making. Six Sigma projects deployed at the organizational level can be used to define, collect, and synthesize the data necessary for proper decision making.

• Reliable customer data provide the distinction between internal perceptions and actual customer needs. There may be a disconnect between internal perceptions and customer perceptions. To ensure thoroughness, conduct a complete value-stream analysis. While site visits are a popular means of collecting these data, they can be costly and may not be necessary. Indeed, their usefulness certainly will be improved if surveys are conducted beforehand. Critical-incident surveys, described in the Six Sigma Handbook (Pyzdek and Keller, 2009), also can be a great source of customer insight.

• Data mining sometimes is used for discovering opportunities but often is insufficient for conclusive decision making. Data mining involves the statistical analysis of databases, either to understand the nature of a particular variable (a directed analysis) or to search for patterns (an undirected analysis). For example, customer data may be mined to look for buying patterns by price and time of year. Because of the nature of this statistical analysis, it is often wise to conduct designed experiments to verify the suspected patterns before committing resources.

• Benchmarking, like data mining, can provide a wealth of ideas for defining direction but often does not provide sufficient information for direct commitment of resources. Benchmarking can be used to understand best practices and discover new methods. Often the information is readily available from suppliers, books, magazines, and the Internet. Benchmarking helps to define the potential for processes, especially those that may represent a new direction, where no internal experience exists in the organization. This information can be used to conduct pilot trials or experiments that serve as valid data-collection strategies for decision making.

• Process data is perhaps the most prolific and reliable source of data for decision making, given its relative ease of acquisition and low cost. Unfortunately, process data often are analyzed incorrectly, which can lead to more process degradation than improvement.

It’s not uncommon for management reports to use bar graphs or pie charts to represent changes over time. Although bar graphs certainly are easy to interpret, they may not really provide the necessary context for a decision.

In the bar graph shown in Figure 1.4, it would appear that the process error rate has decreased in March. Apparently, the process change initiated in February was effective in preventing further increases in the failure rate, as observed from January to February.
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FIGURE 1.4 Bar graphs often provide a misleading analysis of process data.

A proper analysis of the data in Figure 1.5 shows that the process did not change significantly over time. The bar graph in Figure 1.4 is missing context. It does not show how much month-to-month variation is usual or should be expected.

Confidence intervals and hypothesis tests are also incorrect tools to use for this analysis because (as enumerative statistical tools) they cannot properly detect changes to a process over time. Instead, the analytical control chart shown in Figure 1.5 is the correct tool to estimate process variation over time. Through use of the control chart, the variation expected from the process (sometimes called the common-cause variation) can be differentiated from the variation owing to process changes (referred to as special-cause variation).

When all changes to the process are assumed to be due to special causes (as is done using a bar-graph analysis), the process variation can be increased by responding to the natural fluctuation with intentional process changes. This concept of process tampering is discussed in more detail in Chapters 5 and 6.

Obviously, correct analysis of process data is necessary for true improvements to customer service and the bottom line.
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FIGURE 1.5 The process control chart shows process variation over time.

Measurement and Feedback

Employees need to understand the impact of their processes on customers. It is management’s responsibility to establish a continuous flow of information from customers to the process employees. This constant feedback of data enables employees to respond quickly to problems to limit the negative impact on customers.

Metrics provide a quantitative means to assess what is critical to quality, cost, or scheduling. At the business level, these metrics provide feedback from the stakeholders in terms consistent over time and relevant to the business strategy. Six Sigma projects can be used to understand how these CTQ, CTC, and CTS metrics correlate with key process variables and controls to achieve system-wide improvements. Project deliverables will be defined in terms of these metrics and will provide an indication of project completion and success.

Appropriate metrics for tracking performance have the following characteristics:

• A good metric is primarily customer-centered. If a parameter is important to the customer, it should be important to your operations. Processes that have a direct impact on customer-centered parameters must be measured and controlled. Conversely, if issues that add no value to the customer experience are the focus, then resources are wasted, and the focus should be redirected. Chapter 3 provides techniques for focusing on the needs of customers. Chapter 5 provides flow-down functions (big Y, little y) for defining process-level metrics that meet business-level customer requirements.

• A good metric is linked to your organization’s strategy so that it can be clearly identified by all as critical. The dashboard metrics discussed in this section are linked to each of the main stakeholder groups (customers, shareholders, and employees), providing high visibility throughout the organization.

• A good metric is developed collaboratively, ensuring buy-in from all parties. The collaborative development of the metric is realized by the Six Sigma project team in the measure stage, improving buy-in by stakeholders.

• A good metric measures performance over time. Use of the metric to evaluate the process over time is discussed below and further explained in the “Metric Definition” section of Chapter 5.

• A good metric provides direct information so that it can be applied nearly immediately without further processing. Immediate feedback allows for quick responses to changing conditions.

An effective means of presenting business-level metrics is through the use of dashboards. Dashboards, as the name implies, are like the gauges in a car: They provide immediate feedback of system status.

To understand how a car’s engine is performing, the most direct method is to open the hood and look. At highway speeds, this can be messy, and even at idle, the results are often less than conclusive. Unless there is catastrophic damage, such as oil or steam shooting from the engine, most problems would be undetected.

So it is with customer feedback. Waiting for feedback from the customer, even requesting direct feedback of unfavorable conditions, may provide incomplete, inconclusive, or untimely information.

In most automobiles, gauges, connected to sensors, are provided to constantly measure and report on critical precursors to unfavorable conditions. For example, the temperature gauge, oil pressure gauge, and fuel gauge each provide immediate feedback of impending problems. Better still, today’s cars include electronic displays to indicate a drop in coolant level or tire pressure, providing even more advanced notice of a potential problem.

Clearly, similar metrics are available to business processes for measuring real-time precursors to meet or exceed key stakeholder expectations. These metrics will provide input for data-driven decision making and communicate the performance of the business or process relative to key goals and objectives.

Effective dashboards should provide more than just single numbers or a table of historical values. Instead, dashboards should provide clean and clear graphic displays, where historical context is readily apparent. If the dashboard metric changes, it should be clear whether the change is statistically significant. As discussed in the preceding section, a statistical control chart provides the necessary context for this analysis.

From these business-level metrics, drill-down capability to subsets of the data or to the operations or process levels of the organization provides further understanding of the key drivers influencing trends.

In a Six Sigma deployment, dashboard metrics should be defined for each of the three main stakeholder groups: customers, employees, and shareholders. Each of the indices is measured using representative data for a current time period. As in an automobile, too many dashboard indicators will cause confusion and lack of focus in the short term and accidents or fatalities in the longer term. At the business level, no more than three or four metrics for each stake-holder type should suffice.

Once these metrics are defined, their performance should be tracked over time and shared within the organization. The operational drivers for these business-level metrics should be defined and monitored at the lower levels of the organization and linked effectively to the higher-level management metrics. These drivers are discovered as a result of DMAIC projects aligned with the higher-level metrics. For example, if revenue from existing customers is closely linked with on-time delivery, customer-service response time, and initial defect rate, then these metrics should be monitored closely at the operational level, with regular feedback provided to operating units. Six Sigma projects should be sponsored to improve performance relative to these metrics.

In practice, it is useful to think of metrics as big Y’s and little y’s. The little y’s are the drivers of the big Y’s. Mathematically,

Y1 = function of {y1, y2, …, yn}

Y2 = function of {y1, y2, …, yn}

…

Ym = function of {y1, y2, …, yn} for m big Y’s

Big Y’s and their corresponding little y’s are defined at each level of the organization—the business level, the operations level, and the process level. The transfer functions (or flow-down functions) provide a means of understanding the relationships between the process-level metrics and the bigger-picture organizational metrics that guide the business operations and the Six Sigma program.

Starting at the business level, then down to the operations level, and finally the process level, the little y’s at each stage become the big Y’s at the next stage down. While the big Y’s are useful for tracking, the little y’s provide the detail necessary for controlling processes and improving the organization.

This flow-down of the metrics from one level to the next provides direct linkage of the operational and process metrics to the key stakeholder big Y metrics used in the dashboards at the business level.

For example, the big Y’s related to the customer stakeholders’ group may be as follows:

Y1 = satisfaction score

Y2 = retention rate

Y3 = order turnaround time

Y4 = sales revenue

The metrics at this level provide a good high-level stakeholder view but do not yet provide the details necessary to optimize operations. It would be helpful to drill down on each of these big Y’s to understand their little y drivers. Conversely, those at the operations or process levels in the organization can drill up to understand how their metrics relate to stakeholder value.

For example, the little y’s for the customer-satisfaction score (Y1) in a restaurant chain might be

Customer satisfaction = function of (service quality, culinary satisfaction, restaurant availability, price, …)

These business-level little y’s will become the operations-level big Y’s. Operations-level big Y’s are useful for Six Sigma project selection criteria because they are the operational parameters that are perfectly aligned with the business-level metrics.

The operations-level little y’s for service quality of the restaurant chain may be written as

Service quality = function of (wait time, friendliness of staff, cleanliness of facility, order accuracy, …)

Each of the operations-level little y’s may be broken down further into their components in the process-level matrix. For example,

Wait time = function of (cycle time for cooking, number of staffed registers, time of day, …)

This resulting function then can be used to

• Establish conditions necessary for process optimization and/or variation reduction

• Provide process-level Six Sigma project metrics

• Define critical metrics for ongoing process control

These transfer or flow-down functions, which relate the big Y’s to their corresponding little y’s, are determined through regression and correlation analyses. Data are collected through designed experiments, data mining, surveys, focus groups, and critical-incident techniques. The functions allow process-level metrics to be linked to both customer requirements and business strategy.

An example for a software company is shown in Figure 1.6. For each of the key stakeholder groups (i.e., customers, shareholders, and employees), metrics were established at the business level (ovals), operations level (diamonds), and process level (rectangles). At the business level, for example, the retention rate for customers is tracked on a monthly basis as a general indicator of overall existing-customer satisfaction. Predictors of customer retention were developed as part of an organizational DMAIC project that included customer support staff as well as actual customer feedback. At the operations level, the percent of customers engaged by staff is tracked each month based on the observed correlation between effective customer engagement and longer-term customer retention. Similarly, the responsiveness of the company’s systems to customer inquiries is tracked using a defect rate relative to an established baseline standard for each type of customer inquiry. Feeding into each of these operations metrics is the process-level metrics. For engagement, the company tracks both the number of instructional demonstrations provided by sales, service, and support staff for existing customers, as well as the number of quotes provided for additional products and services. This last metric, while seemingly related to shareholder rather than customer concerns, was added based on data suggesting that engaged customers added substantially to the bottom line: They were more likely to be using the software for real benefit, and their relative engagement fed the need for additional products and services (a real win-win for the organization and its clients). The responsiveness of the organization, measured at the process level by quickly responding to issues or suggestions for improvement, contributes to this improved engagement.
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FIGURE 1.6 Example Six Sigma deployment dashboard metrics from the green Belt xL/Mindgenius application.
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FIGURE 1.7 Example Six Sigma dashboard displays with filtering and drill down to lower levels using Quality america’s SPC Explorer software.

These analyses are facilitated by software that allows filtering by operating unit or product family and drill-down to the lower-level drivers at the operations and/or process levels. Figure 1.7 shows an example of meaningful drill-down and analysis available by right-mouse menus for rapid feedback. The software links to operational data within quality management, customer resource management (CRM), accounting, or human resources software, so there is no need for costly reentering of data into the dashboard reporting software. The reporting software filters and groups the data as necessary for the monthly (or real-time) business- and operations-level analyses.

Chapter 5 provides further discussion of metric selection for quality, schedule, and cost focuses. Methods for understanding how metrics relate to customer needs are discussed in Chapter 3.

The result of effective measurement and feedback to the organization, when coupled with the other requirements for successful deployment, is empowerment. Rather than waffling with indecision, these data provide the critical link for action (i.e., data-driven decision making) for operational personnel and local management. With clear vision forward and feedback to confirm direction, the elements are in place for a successful journey.

CHAPTER 1 Quiz

1. As the sigma level for a process increases,

A. the number of opportunities for error decreases.

B. the cost of quality as a percent of sales increases.

C. the DPMO increases.

D. the DPMO decreases exponentially.

2. Practical uses of the Six Sigma methodologies

A. can be found only in Fortune 100 companies.

B. are limited to companies that manufacture products.

C. are limited to Fortune 100 companies that manufacture products.

D. are found across many industry sectors and company sizes.

3. A typical organization with a 3σ level of quality spends approximately

A. 50 percent of its revenues on quality-related activities.

B. 15 to 25 percent of its revenues on quality-related activities.

C. 1 to 2 percent of its revenue on quality-related activities.

D. none of its revenues on quality-related activities.

4. Four fundamental pillars of a successful Six Sigma deployment include

A. plan, do, check, and act.

B. plan, do, study, and act.

C. organizational support/resource allocation, management leadership, data-driven decision making, measurement, and feedback.

D. failure modes and effect, cause and effect, statistical process control, and designed experiments.

5. If you estimate your cost of quality as 2 percent of sales and your overall DPMO is about 20,000, then

A. your sigma level is about 3.5.

B. you are probably underreporting the cost of quality.

C. you should look for evidence of a hidden factory.

D. All the above are true.

6. Management can take a leadership role for Six Sigma deployment by

A. defining goals and objectives for the program based on key customer requirements and market conditions.

B. defining and tracking business-level metrics for key stakeholder groups.

C. allocating and training resources and advocating the merits of the program to the workforce.

D. All the above are true.

7. Developing and implementing an employee awareness plan for the Six Sigma program are important

A. so that employees understand the program’s motives and objectives.

B. so that customers realize that you’re trying to solve persistent problems.

C. so that employees become more conscientious, with a resulting improvement in quality levels.

D. only when employees are distrustful of management.

8. Examples of management’s commitment to data-driven decision making might be evidenced by

A. responding only to quality concerns that are documented by large numbers of customer complaints.

B. monthly bonuses to sales personnel linked to monthly sales revenue.

C. project selection criteria based on strategic objectives.

D. applying statistical confidence intervals to sales reports.

9. In considering the resource allocation necessary for a successful Six Sigma program,

A. management needs to demonstrate its commitment by training everyone in the organization as soon as possible.

B. the deployment plan should balance expenditures for training and project deployment with the expected savings achieved.

C. management should allow only resources that aren’t needed for daily operations to participate in Six Sigma projects.

D. a mature Six Sigma program usually has about 10 percent of its workforce committed as black belts.

10. Data-driven decision making

A. is necessary for management to demonstrate its commitment to the Six Sigma principles.

B. often takes longer than making decisions based on gut feelings.

C. reduces the subjectivity of a decision and results in improved buy-in across the organization.

D. All the above are true.




chapter 2
Developing the Training and Deployment Plan

Six Sigma is the most important management training thing we’ve ever had. It’s better than going to Harvard Business School; it teaches you how to think differently.

—Jack Welch, April 1999 interview (Slater, 2000)

It’s been said many times that a company’s most valued resource is its employees, and this is certainly the case in a Six Sigma organization. Employees provide the critical link to customer satisfaction and loyalty and ensure that the organization is consistently aligned with dynamic customer needs. Training provides the means of instructing employees on the necessary practices to meet those needs.

A starting point for many organizations is executive overview training, which allows senior executives and managers to understand the deployment strategy and resource requirements necessary to begin a Six Sigma program. Once senior management has decided on the overall strategy, it should train an initial wave of Six Sigma personnel. The necessary elements of the first wave training include

• Executive overview training

• Champion training, including project selection

• Black belt/green belt training

Each of these elements is further defined below, with the intended objectives for each training also defined. These objectives collectively constitute the deployment plan. The timeline necessary for each training element differs greatly depending on the size and motivation of the organization. Smaller organizations with sufficient motivation can complete the first-wave training in as few as six months; larger organizations with more resistance may take up to two years. Realistically, regardless of size, you’ll need some lag time between activities to accommodate schedules and accomplish the intermediate goals and objectives (discussed below).

The schedule streamlines the deployment to expedite projects for and quickly realize project savings. This immediate payback is a great incentive to establish management commitment for further projects, including development of the feedback systems necessary to make the program a longer-term success.

Initial projects can be based on internal feedback (bottom-up projects) or well-known customer issues that are prioritized by local champions as part of their training. There is usually an abundance of potential projects at this stage. As deployment training continues, organizational define, measure, analyze, improve, and control (DMAIC) projects will create the systems necessary to detect other project opportunities, as discussed in the “Executive Overview Training” section below.

Training at each level is completed on a just-in-time (JIT) basis: Employees are trained only when they will be involved directly in pending projects. Broad-based training of employees is discouraged because training effectiveness drops off considerably (as frustration increases) when employees do not have an opportunity to use the tools and techniques immediately. Instead, additional black belts, green belts, and champions will be trained as the Six Sigma program matures and expands to other functional areas, and previously trained personnel are shifted to management positions. Additionally, black belts may need refresher courses in some topics. Frequently, an external consultant provides the initial training for the first one or two waves of employees. The role of trainer thereafter is often assumed by internal master black belts. The program will need an established protocol, resources, and budget for this continuing training.

Training Needs Analysis

Since each organization is different, the training plan should reflect the particular needs of the organization or even groups within the organization. Each organization has established a culture, either by management design or by management inattention. Recognizing and responding to these needs will increase the organizational buy-in to the Six Sigma program.

In defining the training needs, it is important to understand the knowledge, skills, and abilities (KSAs) required for each group of participants, notably the black belts, green belts, and champions. KSA requirements are covered in detail in the “Champions” section. Potential candidates for each group can be evaluated by their peers and through testing of the subject matter. Peer analysis may use confidential surveys or structured evaluations.

The results of these evaluations and the testing can be compiled using matrix diagrams. A gap analysis can be performed on individuals or the summarized results to highlight deficiencies in the current level of the KSAs.

Once an understanding of current KSAs is available, classes can be formed that group students with similar training needs. For a given group, it’s best to target the instruction to the minimum level of KSAs. When employees have been exposed to similar training in the past, management may be tempted to assume that additional training on the same topic is unnecessary. Often, however, the prior training may have neglected to focus on one or more of the critical elements necessary for success, which at least partially explains the lack of success of the prior training. Even worse, the organizational environment may have provided little opportunity for application of the skills, so they were quickly forgotten.

It is important therefore to conduct posttraining assessments to gauge improvement in KSAs. The certification processes discussed in the black belt and green belt sections below provide a means of evaluating the knowledge acquired. Regular renewal of the certification, such as every three years, evaluates retention of the material. While testing may provide some indication of an individual’s knowledge, the best estimate of a person’s skills and abilities is often reflected in behavior, which can be monitored using employee dashboards (discussed in Chapter 1).

In addition to the KSAs, attitude is often a significant factor for consideration. Organizational assessments provide an indication of the current level of satisfaction and trust among employees. Even when trained properly, employees with a poor attitude will be unwilling to apply their KSAs in a productive fashion to truly change behavior. Poor attitude is often a reflection of distrust in management’s motives or abilities, resulting from previous real or imagined blunders or slights.

Unfortunately, a bad attitude can be difficult to overcome, especially when it is deeply ingrained from years of neglect. Nonetheless, it is imperative to address these obstacles to build organizational buy-in. Successful approaches for consensus building are discussed in Chapter 4. Employees need to hear a consistent message, so the training of champions should ensure commitment at all levels of management. Perhaps most important, data-driven decision making must be at the forefront of all policy and procedures, with open communication from and to employees on these decisions. Breaking down these walls takes time and persistence, with the results monitored in employee dashboards.

Executive Overview Training

Six Sigma training should begin with the managerial ranks of the organization so that managers are prepared to lead the effort. Motorola’s director of training and education estimates that the company wasted $7 million training from the bottom up. General Electric (GE) learned from this mistake, to Jack Welch’s credit.

Initially, Welch required that anyone seeking promotion to a management position be trained to at least the green belt (if not black belt) level. A year later (effective January 1999), all professional employees should have begun green belt or black belt training. Considering that this directive encompassed 80,000 to 90,000 employees, it sent a clear signal that all levels of management would be leading the Six Sigma effort (Slater, 1999).

Other firms have since adopted this model as an effective way to reinforce the Six Sigma methodology throughout the organization. Studies have shown that employees are much more likely to use specific business tools if their direct management uses the tools. Employees want to speak a common language. Conversely, if management won’t use specific techniques, employees are likely to abandon their use as well, feeling that the tools have been discredited or misunderstood by management.

The overall objective for senior management training is an understanding of the link between program success and business success. Managers should integrate the program into the business strategy so that completion of each Six Sigma project leads toward achievement of particular business goals. Likewise, they need to continuously promote and sponsor projects that strive for these goals.

If all levels of management do not see the vision laid out for the Six Sigma program, then deployment becomes stagnated or undermined. These are the hidden signals of a doomed Six Sigma deployment. Upper levels of management can help to overcome these problems when trained properly as Six Sigma champions.

Lower levels of management also need to clearly understand the methodology. As first- or second-line department managers and supervisors, they have to see how they and their personnel fit into the deployment scheme. Resource reallocation will have perhaps the greatest impact at their level: Personnel will be reassigned from their departments to become full-time black belts; many of the remaining employees will be diverted for week-long green belt training and then to participate as project team members; processes will be disrupted for experimentation, data collection, or process redesign.

Departmental managers must not think of themselves as mere “victims” of the Six Sigma deployment. In fact, their functional areas will show measurable improvements through deployment of the Six Sigma techniques, if they are applied properly. This improvement can only occur through strong leadership at these local levels. Thus first- and second-line managers (and their functional areas) will benefit greatly from “getting onboard” through green belt training, which will offer the deployment skills needed for success. Eventually, all employees should be trained to a green belt level so that they can participate effectively in Six Sigma teams.

An effective executive leadership course includes agenda items and workshops to develop immediate and longer-term outcomes, as shown in Table 2.1: An initial three- to five-day course will be sufficient to identify potential hurdles and to develop detailed plans for outstanding issues (as required). Generally, organizational-level Six Sigma projects will be deployed to develop the detailed metrics and data capture needed to track the customer, employee, and stakeholder issues. Each project is championed by the appropriate executive and led by an organizational master black belt (or consultant) whose project team includes the relevant management stakeholders in the process.

TABLE 2.1 Executive Training Objectives & Outcomes
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Champions

Champions are middle- to upper-level managers who are responsible for supporting the Six Sigma program and ensuring that it is aligned with the overall business strategy. Training an initial group of high-profile champions provides excellent exposure for the program and complements the ongoing marketing effort. This first wave of champions will develop and sponsor the first wave of black belt training projects. This first wave of champions should include managers who are excited about the benefits of Six Sigma, are well respected, and have good visibility across the organization. Their involvement builds credibility, and their success attracts others for subsequent waves.

As discussed in Chapter 1, choose the A team, the best and brightest of employees, for the initial waves of training. This sets a firm tone that success is the priority and that nothing will be spared.

KSA Requirements for Champions

The primary role of a champion is to ensure that organizational systems are in place to support the Six Sigma deployment. Champions are strong, vocal advocates of the Six Sigma program. Because of their standing in the organization at managerial levels, they provide critical exposure of the program to their functional reports and endorsement of the program as a management initiative.

As members of management, champions bestow authority on Six Sigma project teams. Through program development, project selection, and resource allocation, champions ensure that the organizational ground is fertile for project growth and success. Through continuous involvement in the Six Sigma initiative, champions send a clear signal to the organizational masses that management’s commitment is unremitting. Dispelling the notion that the program is a “flavor of the month” is an ongoing but necessary challenge to overcome unproductive subcultures that may exist. Effective champion training provides an awareness of these roles, responsibilities, and challenges.

The attributes of a champion can be summarized as follows (Slater, 1999):

• Champions display energy and passion for the job.

• Champions excite and mobilize others.

• Champions relate Six Sigma to customer success and the bottom line.

• Champions understand the technical and financial aspects of Six Sigma.

• Champions deliver bottom-line results, not just technical solutions.

In many ways, the first two attributes are inherent to an individual’s personality, although they may be dormant from lack of use. In such a case, individuals can be nurtured so that these qualities resurface, provided that there is strong upper-management commitment and support for the Six Sigma initiative. If support begins to deteriorate, then the excitement expected from champions will be either short-lived or unaccepted by the masses.

Champion and Management Training

Champions begin their training with a two- to three-day class that emphasizes their role in program development and as project sponsors. The course material should include the topics presented in Part 1 of this book. A suggested agenda for a two-day session is provided in Table 2.2. Particularly in smaller organizations, the champion and executive training may be directed toward the same staff, although the outcomes are as outline in each section regardless of the audience.

Workshops are a key part of champion training, providing an opportunity to build ownership of the Six Sigma program in the managerial ranks. The workshops support the key outcomes of the training, including

• Establishing an understanding of and commitment to the managerial role, responsibilities, and project sponsorship necessary for success of the Six Sigma project teams

• Selecting green belt and black belt candidates

• Selecting suitable Six Sigma projects using the selection criteria

An important component of champion training is to get the middle-level managers onboard because they exercise direct control over the operational resources that will be critical for project success. The project selection exercises will give managers ownership of the projects and commitment to team sponsorship.

Six Sigma champions also may attend green belt training to learn the basic techniques used by Six Sigma teams. The goal of this training is to foster an awareness of the tools and techniques so that champions know the tools’ limitations as well as their strengths. This keeps champions from pushing for the impossible and also encourages them to strive for new possibilities from their project teams. When serving as project sponsors, champions who are familiar with the techniques can ensure that their project teams maintain rigor in their analyses. This serves as a useful checkpoint for sustainability of project successes.

TABLE 2.2 Suggested agenda For Champion Training
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Black belts

Black belts generally are full-time change agents, removed from the operational responsibilities of the organization to maximize the resources available for deploying Six Sigma projects. Some organizations prefer to train an initial wave of green belts before the black belts; this can be a mistake because it delays effective use of the training by the green belts until the black belts are available for project teams. A better approach is to merge the green belt training into the first week of black belt training. This provides a cost benefit as well as a shared experience between the black belts and green belts assigned to their teams. Team members assigned to the initial projects thus are exposed to the Six Sigma principles as the projects begin.

KSA Requirements for Black Belts

An important but not comprehensive role of a Six Sigma black belt is that of technical expert in the area of Six Sigma methods. This expertise allows a black belt to understand the link between complex customer needs and the critical internal process elements designed to achieve them.

While Six Sigma black belts generally are given credit for their expertise in analytical, statistical, and problem-solving techniques, successful black belts must be much more than technical experts. The advancement of an organization from a nominal 3σ to a Six Sigma level of performance represents a vast operational and organizational (read cultural) change. As such, black belts are primarily change agents.

Knowledge of company systems and culture is often required for successful change management in an organization. For this reason, many organizations find it better to train black belts from within than to hire them from the outside. It’s not uncommon for experienced black belts to later become key operational members of the management team. Their experience working on projects throughout the organization, with customers and suppliers, makes them extremely valuable in strategic positions.

Effective change agents are (Keller, 2001)

• Positive thinkers. Black belts need to have faith in management and in the direction of the business and its Six Sigma program. They must be upbeat and optimistic about program success, or they risk undermining management or the Six Sigma initiative. They need to exude self-confidence without the pitfalls of being overbearing, defensive, or self-righteous. Proper management support and vision allow black belts to both believe in and experience their potential as change agents.

• Risk takers. Black belts need to be comfortable as change agents. While ineffective change agents agonize over implementing change, effective change agents relish it. They enjoy the excitement and challenge of making things happen and “grabbing the bull by the horns.” They know that change is necessary for the company’s and the customers’ sake, and they know that it is inevitable, given the competitive market. Only by leading the change can its outcome be steered. The effective change agent wants to lead the charge.

• Good communicators. An effective black belt needs to be capable of distilling a vast amount of technical material in an easily comprehensible fashion for team members, sponsors, champions, and management. Many of these personnel will have only minimal training (green belt or champion level) in statistical techniques, if any at all. The black belt who can clearly and succinctly describe to the team why, for example, a designed experiment is better than one-factor-at-a-time experimentation will strengthen the team and shorten its project completion time.

• Of course, being a good communicator is much more than just being capable of distilling technical material. An effective communicator also must comprehend and appreciate others’ concerns. These concerns must be addressed in a thorough, respectful, and thoughtful manner. Through use of Six Sigma statistical techniques, data can be used to predict the merits of various improvement strategies and address the concerns of others. The effective change agent will enlist people with concerns to participate in these efforts, either as team members or as project sponsors. Through participation, such employees learn to understand the nature of the problem and the most viable solution. Buy-in, a necessary part of sustainability, is greatly enhanced through this participation.

• Respected by peers. It is often said that a title can be either earned or granted but that true power must be earned. Effective change agents have earned the respect of others in the organization by their hard work and effective communication. Those new to an organization or those who have not gained respect from others will find it harder to implement change.

• Leaders. Black belts often will serve as team leaders; other times, they need to show respect to others (and true leadership) by allowing them to assume the leadership roles. First-wave black belts also will serve as role models and mentors for green belts and subsequent waves of black belts.

Many of these change-agent skills are facets of one’s personality, but they can be supported through awareness training, management policy, and coaching and mentoring by master black belts and champions. The best black belts are individuals who demonstrate a balance between these softer attributes and the technical skills discussed elsewhere in this book. Many firms expect experience with these change-agent skills, documented through work history and personal recommendations, as a prerequisite for black belt candidates. Depending on the business and functional area, a technical college degree also may be required. For example, a BS in engineering may be required for manufacturing areas, whereas a business degree may be required for sales or business development areas.

Black Belt Training

A classic model for black belt training consists of one week per month of classroom training spread over four months. It integrates classroom learning with hands-on project implementation. Black belts are assigned a project for this training, which allows them to successfully apply the skills they are taught in training to the three weeks between each class session. The trainers, aided by master black belts, serve as coaches for these projects.

A newer model for training, which has proved even more successful, is a blended approach that employs online self-study training with on-site classroom review and mentoring sessions. Based on reviews and feedback, students enjoy the flexibility offered by the online format. The clearest benefit of an online class over the classroom setting is the self-paced nature of the online class. Students progress through the material at their own pace, based on their experience, skill set, and learning objectives. For students with busy work or home lives, this often allows them to better balance their time. Online unit quizzes are often provided to test the acquired knowledge for each topic. The online materials are supplemented with workshops and review sessions to discuss questions from the online materials and apply the materials to the ongoing student projects.

A key aspect of black belt training is successful completion of a project. Projects prove training. Projects are completed successfully only when the financials have been certified by the accounting department and the project has been accepted and closed by the sponsor. In addition to the usual criteria of bottom-line impact and customer focus, training projects usually are selected that will use many of the technical skills in an area of the business in which the black belt candidate has some experience (and comfort).

Each black belt should arrive for the first week of training with several potential projects, allowing that some of the projects may not meet selection criteria defined by management (usually as part of champion training). Workshops are incorporated extensively throughout the training to provide hands-on experience to the attendees. Project data are used in the workshops wherever possible so that students can effectively apply the subject matter to real-world examples. Since open discussions of confidential process data are not well facilitated in a public seminar, effective black belt training often is limited to in-house courses (blended with online training, as discussed earlier).

The flow of the course material roughly follows the DMAIC process so that the appropriate tools and concepts are taught and applied at each stage of project deployment. The black belt training requires the use of suitable Six Sigma software, such as shown in the examples throughout this book. Because of the availability of software, the course material may concentrate on the application and use of statistical tools rather than on the detailed derivation of the statistical methods.

A suggested schedule of training topics is provided in Table 2.3. While there is a credible argument that many Six Sigma projects will require use of only a handful of tools and that a portion of these will require only rudimentary statistical knowledge, black belts nonetheless need to learn these skills. Black belts should be taught to think critically and challenge conventional thought. Successful breakthrough thinking requires rigorous analysis. Black belts must be taught to accept ideas and opinions as just that, with their limitations, and to use the power of the analytical tools to prove the solutions and their assumptions. This applies equally to manufacturing and service applications. The statistical tools allow black belts to prove concepts with minimal data and process manipulation so that great advances can be made in a short amount of time. Problems that have gone unsolved for years can be attacked and conquered. Data-driven decision making becomes the rule, not the exception.

Six Sigma certification demonstrates an individual’s knowledge, skills, and dedication to achieving a high level of competency in the Six Sigma process. The certification criteria are varied. For some companies, completion of a course and a single project suffices. The American Society for Quality (ASQ) applies a rather simple scheme: passing a written exam, with a signed affidavit attesting to completion of either two projects or one project and three years’ experience in the body of knowledge. While the exam offers some proof of the skills learned by the black belt, the completion of two projects certifies successful application of the skills.

The International Quality Federation (IQF, www.iqfnet.org) provides an online certification exam that can be used by an organization as part of its certification process. While the ASQ exam prohibits the use of a computer, the IQF certification mandates its use. In this way, the IQF certification testing is much more realistic than certification exams that do not allow for the use of statistical software. With only the use of a calculator, it’s quite difficult to have a realistic estimate of a black belt’s technical skills. The IQF provides a form for use by the employer’s certification committee that identifies three main components of certification: change-agent skills, application of tools and techniques, and ability to achieve results. It also provides a change-agent checklist that is completed by sponsors and team members and submitted to the committee for review.

TABLE 2.3 Suggested Schedule for Black Belt Training
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Green belts

Green belts are employees trained in basic Six Sigma concepts to work as part of a team assigned to a given project.

KSA Requirements for Green Belts

The role of green belts is to provide local process expertise to a team and to facilitate the brainstorming and data-acquisition activities of the team. Unlike black belts, who leave their operational duties behind, green belts “keep their day job.” Likely green belt candidates include process supervisors, operators or clerical staff, technicians, and any other individual who may wish to serve on a project team. Eventually, most employees will achieve green belt status.

For the initial waves of training, select green belts who can provide the necessary process expertise to the previously selected black belt projects. These green belt candidates should be respected by their peers and capable of critical thinking in a positive fashion with a diverse team.

Green Belt Training

Green belts will learn the basics of the tools used by the project team. Their training will be “a mile wide and an inch deep.” While they will rely on project black belts for problem-solving skills, it is important that they understand at least the need for the tools, if not the general DMAIC problem-solving methodology. For example, as process supervisors, they may be under pressure by the project team to conduct designed experiments to learn about significant process variables. If they have no experience with designed experiments, they may resist these necessary analysis steps.

The green belt training typically is a one-week course that provides an overview of the Six Sigma concepts and tools. It allows the green belts to speak the language of the black belts so that they understand the need for and application of the various tools. Perhaps most important, green belts learn how to function effectively on a team. These team-building skills will ensure that the project team stays focused and maintains momentum.

A suggested schedule for green belt training is shown in Table 2.4. Workshops are used, rather than detailed instruction, to demonstrate data-analysis methods.

Green belts also can be certified using a simple evaluation of their KSAs relative to the training discussed earlier. Rather than having a detailed understanding of the application of tools, green belts are required only to recognize the need for such analysis. Being an active member of two or more Six Sigma projects generally is required to demonstrate successful application of the KSAs.

In some organizations, green belts are designated project leaders, responsible for completing one to five projects per year. This is not a preferred approach for the following reasons:

1. Green belt training does not include the full breadth or depth of the technical tools and techniques required to complete projects.

2. Green belts retain their operational duties, so they lack the time required to devote themselves completely to a project.

TABLE 2.4 Suggested Training Schedule for green Belts
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Organizations choosing to increase the number of projects by using green belts as Six Sigma project leaders will need to address these concerns to prevent an inordinate number of failed projects either because processes are not fully optimized (from lack of proper analysis) or because projects are not completed in a reasonable time (owing to a lack of available project leadership resources). Green belts can serve as effective Six Sigma project leaders when

1. The green belt is a professional, college-educated staff member with experience in project management.

2. An experienced black belt is assigned to the project team to lend technical problem-solving expertise at all stages of DMAIC.

3. Management is committed to free the green belt from his or her operational duties as needed to meet the project schedule.

This last issue is often difficult to address in practice because operational responsibilities often take precedence. For these reasons, a preferred strategy is for full-time black belts to lead projects.

CHAPTER 2 QUIZ

1. The most effective strategy for training in a Six Sigma deployment

A. emphasizes broad-based training at the grass-roots effort to build buy-in of lower-level employees.

B. begins with executive staff to ensure that program leadership is established.

C. requires that all employees understand statistical analysis of data.

D. All the above are true.

2. Training at the executive level emphasizes

A. development of a training plan, project selection criteria, and systems for tracking critical top-level stakeholder issues.

B. DMaiC for process improvement.

C. Consensus-building tools.

D. Statistical analysis tools.

3. First-wave training is best direct toward

A. a group of lower-level employees who can be easily resourced away from critical daily operations.

B. new employees, who require the most extensive training.

C. your best employees, who can be assigned projects immediately to achieve optimal results and send a strong signal of management’s commitment.

D. suppliers who can correct most of the problems experienced internally.

4. Champion training emphasizes

A. selecting personnel (black belts, green belts) for the initial deployment.

B. defining initial project-rating criteria and selecting potential projects.

C. methods for communicating program goals and strategy throughout the organization.

D. All the above are true.

5. When an organization selects a green belt as a project leader,

A. the project has the best chance of success because the green belt retains an operational role and so is involved in the process on a daily basis.

B. the green belt should be willing to learn as many of the black belt skills as necessary and do the training on his or her own time so that his or her other responsibilities are not neglected.

C. the green belt needs to be given ample time away from his or her operational duties and needs support from an active black belt for the more technical aspects of the project.

D. it demonstrates the company’s commitment to success by having all employees lead projects.

6. During the initial wave of Six Sigma deployment, a suitable project will

A. focus on well-known yet achievable issues.

B. involve as many departments as possible.

C. address major issues that, although large in scope and potentially taking a long time to accomplish, will provide the most visibility.

D. be selected randomly so as to avoid conflicts from competing groups.

7. Departmental managers and supervisors

A. need to clearly understand the program deployment, including its methodology and objectives.

B. are a key component of success because they control the local resources needed for process improvement.

C. should actively participate in the deployment through project sponsorship.

D. All the above are true.

8. The overall objective(s) for senior management training include(s)

A. being able to analyze processes using statistical software.

B. understanding the link between program success and business success.

C. communicating to lower levels of the organization that they are the most important part of program success.

D. All the above are true.

9. The true measure of the effectiveness of training is a(n)

A. passing score on a test of knowledge.

B. high scores on peer evaluations.

C. change in behavior reflective of the course materials.

D. increase in pay.

10. Black belt training

A. should focus primarily on statistics because the rest of the body of knowledge reflects the “soft tools” that black belts either know or won’t ever know.

B. should emphasize the skills needed for success, including project management, communication, building buy-in, statistics, and problem solving.

C. should be limited to students with advanced degrees in engineering.

D. All the above are true.


chapter 3
Focusing the Deployment

Customer Focus

Customer expectations must be evaluated continually, often for the simple reason that customer needs change over time. In many cases, internal estimates of customer needs do not align directly with actual customer needs. It is not uncommon to discover that many long-held assumptions regarding customer needs are simply wrong. Cost savings and improvement of customer relations are realized through a proper understanding of actual customer needs and wants. Where internal estimates do not match customer realities, Six Sigma projects even may result in a widening of the internal specifications, reducing operational costs as well as complaints about late deliveries. All aspects of the customer experience (the value stream) should be considered, including design, use, delivery, billing, and so on, not just the obvious operational processes that constitute revenue generation.

In many business-to-business (B2B) transactions, customers express their requirements by stating a desired nominal, or target, value and an upper and/or lower specification. The upper and lower specifications provide the maximum and minimum values (respectively) that will be tolerated in any given instance of product or service delivery. For example, a part may have a nominal length of 2 inches, with an upper specification of 2.005 inches and a lower specification of 1.995 inches. Parts exceeding these values (i.e., shorter than 1.995 inches or longer than 2.005 inches) will not be acceptable for use. These defects typically would be returned to the supplier for replacement or credit, resulting in potential delays (waiting for replacement parts) and other additional costs. The returned parts, in turn, cost the supplier in the short term (through the credit it issued, the rework of the long pieces to finish them to an acceptable length, and the scrap in discarding of the material, labor, and lost capacity associated with the short pieces that cannot be used by the customer). From a longer-term perspective, many customers prudently monitor their suppliers so that those with consistently poorer records of performance will be replaced eventually by suppliers who can meet the requirements consistently.

In many business-to-consumer (B2C) transactions and in some B2B transactions, specifications may not be stated so clearly. Instead, expectations tend to dictate perceptions of performance. Various customers may have different expectations; a given customer’s expectations even may change depending on external considerations. For example, what is an acceptable queue time waiting for a teller at a bank? Do business customers who visit each day for deposits have different expectations than nonbusiness customers visiting twice a month for deposits? Is the acceptable queue time influenced by your personal schedule for that day or whether you have a small child pulling on your arm? Unstated expectations clearly are more challenging in many ways, yet they offer great potential for market differentiation and resulting revenue enhancement.

Whether detailed specifications have been provided by customers or are developed internally to meet perceived but unstated customer expectations, they tend to become the focus. Even customer-conscious personnel will define customer needs in terms of specifications: “As long as we meet their requirements, we’ll be fine.” These product specifications are viewed as goalposts: “Anywhere within the requirements is fine.” Often, service attributes aren’t that important: “The main thing is to deliver what they want, even if it’s a bit late.”

When customer requirements are perceived as goalposts, as shown in Figure 3.1, there is equal value for all products or services within the specifications, so there is no perceived advantage in improvement beyond this point.

In most cases, the goalpost approach does not maximize customer satisfaction because it does not represent the customer’s preference accurately. Instead, customers tend to think in terms of optima. For bilateral specifications (where upper and lower specifications are provided), the optimal value for the product or service typically lies midway between the requirements, with deviations from that point less desirable. Customers value predictability, or minimum variation, so that their processes are affected to a minimal degree. This enhances their ability to plan, regardless of their environment. If your organization makes a product, customers want to use your product in a consistent manner, with few adjustments of their equipment to compensate for variation between products. If your organization provides a service, your customers want that service to be consistent so that they know what to expect and when to expect it.
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FIGURE 3.1 Perceiving customer requirements as goalposts assumes constant maximum value within specs.

These concepts are illustrated in the Kano model (developed by Noritaki Kano) shown in Figure 3.2, where quality is represented on the x axis and customer satisfaction is represented on the y axis. The expected quality is shown on the diagonal line, indicating that an ambivalent level of satisfaction (neither satisfied nor dissatisfied) should be expected when the quality has risen from the basic quality level to the level expected for the given product or service.
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FIGURE 3.2 Kano model of customer satisfaction and quality.

Basic quality levels tend to produce dissatisfaction, and satisfaction is improved above ambivalence only as customers become excited about the quality of the product or service.

Competitive pressures tend to move the expected quality line in an upward direction. There are countless examples of this phenomenon, including phone service, home building, computer technology, car safety, and so on, especially when viewed over the course of a generation or more. In each case, a product or service that was once exciting quality became expected quality and then basic quality. Competitive pressures continue to “raise the bar.”

The Kano model moves the focus from specifications to real customer needs. When the focus is on specifications and defects, only expected levels of quality will be met, which soon become basic levels of quality in a competitive market.

When the focus is on customers, their businesses, or even the needs of their customers, exciting levels of quality can be delivered through innovation. Consider the lessons of Polaroid: While the company focused internally to become more efficient, its customers switched to digital cameras in place of Polaroid’s (once award-winning) products. Lessons such as these were not lost on Jack Welch, who remarked that the “best [Six Sigma] projects solve customer problems” (Slater, 1999).

Welch was not suggesting that companies merely reduce defects delivered to the customer or improve the perceived quality of a product or service delivered to the customer. Instead, Welch said that a Six Sigma project should investigate how the product or service is used by the customer and find ways to improve the value to the customer of that product or service.

This clearly demands involving the customer in the business needs analysis. Customer needs must be defined in larger terms than simply product specifications. Understanding how the customer uses the product or service can produce breakthrough changes in design or delivery. While initial design of a product or service process may have considered this, changes in the customer’s business may not have been communicated effectively, leaving an unaddressed opportunity. As additional aspects of the customer’s business are understood, changes in that customer’s business climate or market that could upset your business are appreciated, if not anticipated.

In this way, maintaining customer focus is an ongoing activity. Processes for serving customers must be identified, and mechanisms must be maintained for real-time feedback from customers to these internal processes. The metrics and dashboards discussed earlier are integral to this strategy.

Internal process objectives must be defined in customer terms, and the everyday focus must be kept on the needs of the customer’s operations. This visibility is a key aspect of the lean techniques used throughout Six Sigma deployment. The linkage of internal process objectives is mapped effectively using quality function deployment (QFD) techniques. Operationally, we strive to understand how internal processes drive the customer response. To facilitate this understanding, critical-to-quality (CTQ), critical-to-cost (CTC), and critical-to-schedule (CTS) metrics are measured and tracked on a continual basis. These metrics allow internal estimates before errors reach the customer and come back as nonconformance reports (or, in the absence of complaints, interpreted as improvement). This proactive approach fosters an ongoing attack on non-value-added (NVA) activities so that resources can be shifted to value-added customer exciters (in the Kano terminology).

An interesting and well-documented example is found in the book Moments of Truth, written by Jan Carlzon, former president of SAS Airlines. In the late 1970s and early 1980s, the company was losing vast sums of money because its market had changed drastically with the advent of deregulation. While the most prevalent idea was to cut costs across the board or cut costs in recoverable expenses such as labor, instead the company set an ambitious objective to become the frequent business traveler’s first choice for travel. Each expense and resource was evaluated for its contribution toward serving the frequent business traveler. Whole business units and functions were dropped, as were a host of operations and procedures that didn’t serve the target market (the business customer). Practices that contributed to the service of the target frequent business traveler actually were expanded so that a large portion of the money saved was reallocated to expand the business. As the company struggled with significant loss in revenue, it spent $45 million to improve its customer service, including projects focused on punctuality, turnaround times, and service quality. The company eliminated the detailed marketing reports that took months to create by staff disconnected from customers, replacing them with empowerment of the front-line employees who had direct customer contact for analysis and action based on real-time feedback.

The elimination of NVA activities is a lean practice used in Six Sigma to concentrate the always-limited resources on the customer. Quick feedback mechanisms using key service metrics is a fundamental Six Sigma approach. QFD techniques can be used to identify practices that contribute to customer satisfaction.

In any organization, the leadership sets the vision and the strategy. As Carlzon put it, “A leader … creates the right environment for business to be done.” A soccer coach can neither dribble down the field for the team nor provide constant and immediate instructions to players on shooting, passing, and defense. Instead, the coach needs to develop skills in the players and then empower them to exercise judgment in the use of those skills.

As on the soccer field, responsibility in a customer-focused organization must be delegated down the line. Rather than tightened oversight to achieve adherence to customer requirements, bureaucracy must be reduced and the organizational hierarchy flattened to increase the communication between organizational levels, particularly communication to and from the front-line personnel with access to customers.

Through empowerment, the responsibility, focus, and authority of front-line personnel are shifted toward doing what is necessary to win customer loyalty—without the need for additional management approval. This empowerment demands flexibility, sharing of information, and an understanding of the business operations, which is afforded by cross-training. The ultimate result is what Carlzon called “moments of truth” in customer relations, where customers realize the commitment of the organization to solving their problems (see Figure 3.3).
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FIGURE 3.3 The new organizational structure puts customer contact at all levels of the organization. (Pyzdek and Keller, 2009.)

A new organizational structure results, where commitment toward the customer is shared across the organization. There still may be a sales force, but they no longer need (or want) exclusive rights to communicate with customers. (Note that the same can be said of the relationship between suppliers and purchasing agents.) As the customer becomes a more critical element of each employee’s responsibilities, the relationship between the organization and the customer becomes more of a shared partnership with mutual benefits.

These real-time data at the point of delivery provide immediate feedback, which empowered employees can act on. While this is both necessary and useful, it is not sufficient. Some customers may not be open to sharing information. When the end user is several layers down in the supply chain, or when products are held in inventory, dissatisfaction may not be realized until much later, removing possibilities for immediate notification and remedy. Fortunately, additional sources of customer data are available, with varying degrees of usefulness.

Nonconformance reports or complaints are a typical source of customer feedback; however, they often include only a small percentage of all problems. Many problems go unreported. Since the complaints are generally only communicated based on a failure to meet basic customer expectations, they are at most useful for moving to basic or expected quality levels. For some organizations, particularly those at the 3σ level, this is a worthwhile and necessary place to start. These problems cannot be ignored, and their significance to the customer is highlighted by their insistence on reporting them. Prompt analysis of these reports and resulting action sends an important message to the customer. Studies have shown that when customers are made aware of these corrective actions, they tend to become more loyal customers despite the initial incident. When analysis indicates systematic deficiencies, these must be addressed, either through management policy changes or through process improvement using Six Sigma projects. These persistent problems will undermine even the best attempts at problem resolution.

In many cases, broader, more immediate feedback of customer experiences is obtained using simple phone surveys of a random sample of recent customers. More detailed information may be gathered using the critical-incident techniques described by Pyzdek and Keller (2009). The aim is to define moments of truth in customer terms and qualify key customer perceptions. Even customers who may not take the time to complain may be willing to provide quick feedback in this manner.

Customer surveys provide a useful means for collecting a fair amount of broad-based information. Information gathered from the phone surveys, critical-incident interviews, and nonconformance reports or complaints is useful input for survey development. The survey will provide a means to statistically validate the information received from these other sources. Surveys also can be used as a continuous feedback mechanism, particularly for the service aspect of processes. For example, surveys can be sent to all customers, or survey cards can be provided at the point of service or in delivery notification e-mails.

The construction of a useful customer survey is more science than art. The wording of questions, the topics addressed, and the use of open-ended versus multiple-choice responses are but several of the issues that need to be considered. Surveys that lack depth may be useful for feel-good marketing campaigns, but they do little to provide input to Six Sigma operations or process-level teams that can use the survey responses to make dramatic improvements in customer satisfaction, retention, and growth. For example, production-oriented businesses may tend to focus on the product in their improvement efforts, failing to realize how important service is to their customers. An effective customer survey can help to redirect these efforts.

When dealing with a consumer market, it’s useful to provide an incentive to encourage customers with positive experiences to participate because often only customers who are upset about something will take the time to complete the survey cards. Incentives include discounted products or services, entry into a raffle for free products or services, or complimentary dinners for participants. In B2B dealings, incentives may be forbidden or even illegal, but generally in this environment the customers are more than willing to provide feedback on what they like or dislike about the product or service. When a broad sample of customers, with both positive and negative experiences, is included in the survey response, then statistical bias can be avoided in the analysis results.

Pyzdek and Keller (2009) offer these guidelines for developing the form of the survey questions:

• Format a question based on its purpose. The way the question is asked is relevant to the information required by the survey group.

• Ask only relevant questions. Respect your respondents’ time by asking only questions that are truly important. Ask yourself, “How are we going to use the information from this response?” If you’re unsure of the value of the information, don’t bother asking.

• Use clear, concise language that is familiar to the respondent. Use the terminology and language level of the respondents so that they can provide answers that are truly relevant to the questions.

• Offer complete, mutually exclusive choices. When choices are offered, the list must be complete (all options provided) and mutually exclusive (one choice cannot conflict with another).

• Ask unbiased questions by presenting all (and only) relevant information. Including irrelevant, inflammatory, one-sided, or subjective information will bias the response.

• Quantify response measures. Use a common scale for the question responses, such as the Likert scale, which provides a convenient and familiar indication of the strength of opinion (for example, strongly disagree, disagree, agree, or strongly agree).

• Order questions in a logical and unbiased way. The survey flow should prevent confusion as to the target of the question. Don’t jump around by asking about different topics, because this confuses respondents.

Site visits to business clients also can show how products are used or service received. In visiting your customers, their customers, and so on, you experience the expressed and latent customer demands that otherwise may be hidden. You even may understand how to solve customer problems, as Jack Welch had suggested.

Competitor analyses are also useful in business-level projects because of the competition’s inherent influence on sales and profitability. Again, the focus is on the customer as you seek to understand market niches that you currently fill and wish to remain competitive in or new niches that you can take advantage of to increase revenues. Measuring your competitors’ strengths and weaknesses, as well as your own strengths and weaknesses, allows you to generate a credible plan of attack.

It’s not unusual to find certain issues that can be addressed rather quickly, whereas others may require more detailed strategies. Immediate action represents quick payback for the effort and often can sustain (through improved profitability and morale) the larger effort necessary to achieve further improvements along the path to Six Sigma.

Project Selection

Six Sigma projects are the means by which improvements are realized in a Six Sigma deployment. These improvements are achieved in the areas of quality, cost, or schedule to address the needs of customers, employees, and shareholders. Six Sigma projects must be clearly defined and managed for these improvements to be realized.

Projects must be linked directly to the strategic goals of the organization. As mentioned earlier, GE’s Jack Welch considered the best projects those which solved customers’ problems.

What constitutes a Six Sigma project? Juran defines a project as “a problem scheduled for solution” (Juran and Gryna, 1988). Snee (2002) defines a Six Sigma project as “a problem scheduled for solution that has a set of metrics that can be used to set project goals and monitor progress.” Snee further differentiates between problems with known solutions, such as the deployment of a manufacturing resource planning (MRP) system, and those with unknown solutions. Snee suggests that projects with known solutions are best led by project managers, whereas projects with unknown solutions are best defined as Six Sigma projects.

The Snee definition notably adds the concept of quantifiable metrics to projects, which is certainly a useful addition. Organizations need to track the progress of a project, as well as to select projects that have the greatest potential for the organization relative to the time and cost of deployment. Intrinsic to these metrics is a link to organizational performance. The metrics must provide a tangible measure of benefit to the company, its customers, or its shareholders. Implementing statistical process control (SPC) on a production line, for example, would not offer this benefit directly. While deploying SPC would allow us to understand the nature of the variations in the process, improvement may not be realized for the customer or the organization unless, for example, the special causes of variation were eliminated. Although an SPC analysis would provide a useful measure of the before and after performance of a process undergoing a Six Sigma improvement project, the analysis is a means to an end rather than the end itself.

Since most businesses beginning their Six Sigma programs are at the 3σ or 4σ level, spending 15 to 25 percent of their revenue on cost-of-quality issues, they have ample opportunities for improvement. There are, however, limited resources available for project deployment, as represented by their trained black belts and green belts. Project selection thus takes on an important role in determining the magnitude of success of a Six Sigma deployment.

Six Sigma projects should be selected based on a suitable cost-benefit analysis. A simple yet effective metric for evaluating projects is the Pareto priority index, or PPI (Pyzdek and Keller, 2009):

[image: Image]

Note that the PPI increases as the probability of success or the dollar savings increases and decreases as the implementation cost or completion time increases. The units used for each of these terms should be consistent across projects to provide a valid comparison.

Inclusion of the “probability of success” points out a simple fact: Not all Six Sigma projects will be successful. Six Sigma projects are usually not tasked for simple problems but more often for problems that have persisted despite prior attempts at solution. A number of reasons may be behind this lack of success: lack of resources, lack of management commitment or authorization, and/or lack of sufficient analysis to understand the true causes of the problems (including treating the symptoms rather than the causes). A proper Six Sigma project definition and deployment strategy [i.e., adhering to the rigors of the define, measure, analyze, improve, and control (DMAIC) methodology] will address these issues, resulting in a successful project conclusion.

However, other issues also can prevent success. In some cases, the solution is too costly to be justified by the market. In others, the technical knowledge is lacking, and until further research and development are undertaken, a solution is not feasible. It is important that these issues be recognized as soon as possible so that project resources can be redeployed to solvable problems.

The cost to deploy is fairly easy to calculate, including costs such as labor, materials, work stoppage for data collection, and so on. Initial estimates documented on the project charter should be updated as the project proceeds to ensure that they do not overwhelm the savings. It is the project team leader’s responsibility to update these budgets as the project proceeds so that the project sponsor can manage the resources effectively.

It is important that the cost and benefit estimates are accepted by the organization as fair and accurate. For this reason, the accounting and finance functions within the organization are responsible for defining the true costs and benefits for each project based on predetermined methods of cost estimation. This allows consistency across projects and removes any bias that might be perceived toward the black belt or sponsor.

The potential savings and benefits include the following, which can be applied only if and when they are actually realized by the organization’s bottom line:

• Decreased material costs.

• Increased sales owing to a capacity increase. Note that this produces a benefit only if the process is currently capacity-constrained [i.e., the current process is operating at its full output volume (capacity)] and there is market demand for the increased capacity.

• Increased sales owing to improved customer loyalty.

• Decreased labor costs. Labor savings come from either a reduction in total task time and/or a diversion of tasks to lower-paid staff (or automated systems). In either case, this benefit is realized only if the labor is reassigned or eliminated (such as through attrition). If the process is capacity-constrained, then reduced task time increases capacity and may provide additional sales, as noted earlier.

• Decreased carrying costs for work-in-process (WIP) inventory, including reworked parts and other parts in common assembly.

• Decreased accidents associated with WIP storage.

• Decreased incidental material usage. This includes the use of glues, paper, office equipment, coolants, and so on that decreases when the process runs more efficiently.

• Decreased maintenance costs and/or capital expenditure based on decreased material usage. When the process runs more efficiently, new equipment is not needed, additional offices or plants are not needed, and the cost for maintaining the existing infrastructure is reduced.

• Decreased time to deliver to customers, including decreased penalties for late shipment and/or expediting, decreased costs for communicating shipment status to customer, and decreased costs associated with customer dissatisfaction.

• Increased employee morale, with a subsequent decreased employee turnover and training expense.

As a general rule, most companies expect minimum annualized savings of $50,000 to $100,000 from each Six Sigma project. Many projects will yield much higher savings. What may seem surprising is that the per-project savings do not necessarily depend on the size of the business, so even a $100 million company can save $1.5 million on a project. Recall that a 3σ company is spending approximately 25 percent of its revenue on cost of quality, so a 3σ company with $100 million in sales is spending approximately $25 million per year on poor quality. Using a rule-of-thumb measure of 0.5 to 1 percent of employees as black belts, however, the number of projects can effectively scale the total financial return from the Six Sigma deployment for each business.

The PPIs for a group of potential projects are shown in Table 3.1. Although the first project, PO (purchase order) cycle time, has the lowest projected savings, it is the preferred project, receiving the highest PPI score. This reflects its overall reduced risk (with higher probability of success and lower cost to deploy).

TABLE 3.1 Pareto Priority index Calculationss

[image: Image]

Although the PPI is relatively easy to use, it ignores many potential project benefits, such as the ability to meet shipment schedules, reduce inventories, or contribute to strategic business- or customer-valued objectives.

A prioritization matrix for selecting projects is shown in Figures 3.4 through 3.6. A company’s project selection committee used customer input to weigh the projects. While customer surveys, interviews, and focus groups could be used to provide valuable input at this point, the company recently had received detailed feedback on its performance from a high-profile client. An internal review of the feedback determined that the client’s findings were accurate and fairly representative of some key operational shortcomings. These were summarized as follows:

• Qualification of new or revised processes

• Design reviews

• Incorporation/control of engineering changes

[image: Image]

FIGURE 3.4 Criteria weighting matrix. (Quality America GreenBeltXL.)

• Reality-based scheduling

• Work procedures/training

The company added three more criteria for project selection: benefit-cost ratio, time to implement, and probability of success. All these objectives were compared with one another and rated for relative importance by senior management. The results are shown in the criteria weights matrix in Figure 3.4. A value of 1 means that the two criteria are equal in importance, a value of 10 implies that the row is significantly more important than the column, and a value of 5 implies that the row is somewhat more important.

The project selection committee then rated each project relative to these criteria, as shown for one such criterion (benefit-cost ratio) in the options rating matrix in Figure 3.5.

A combined score then is summarized, as shown in Figure 3.6, to determine the ability of each project to fulfill the defined business objectives. The project that provides the best overall benefit relative to the weighted criteria is the row with the number one rank: “ECO Cycle Time Reduction” project..

A similar yet simpler approach is afforded by the matrix diagram, where each candidate project can be compared directly with the criteria in a single matrix. The assumption for the matrix diagram would be that all criteria are of equal weight. The prioritization matrix and the more general matrix diagram are discussed in more detail in Part 3 of this book.

[image: Image]

FIGURE 3.5 Options rating matrix. (Quality America GreenBeltXL.)

[image: Image]

FIGURE 3.6 Summary matrix. (Quality America GreenBeltXL.)

CHAPTER 3 QUIZ

1. Customer expectations are

A. always stated in advance as a specification.

B. equally satisfied anywhere within the defined specifications.

C. maximized for a bilateral specification at the midpoint of the specification.

D. ensured if the process is in control.

2. Repeat customers value

A. predictable variation within the requirements.

B. low cost at the expense of all other criteria.

C. customer service that will correct all problems after they are detected.

D. competitive pressures.

3. Focus on customer-supplied specifications

A. ensures a long-term relationship with the customer.

B. may lead to loss of customer loyalty if unstated expectations are not met.

C. provides the best metric for Six Sigma projects.

D. is preferred to focus on internal specifications that may not apply.

4. Failure to deliver products or services that meet customer specifications

A. results in delays as the customer awaits replacement products or services.

B. affects the supplier through near-term costs for credit, rework, or scrap.

C. affects the longer-term potential for a positive relationship between supplier and customer.

D. All the above are true.

5. Which of the following levels of quality tends to produce longer-term loyalty in customers?

A. basic quality

B. expected quality

C. exciting quality

D. Competitive quality

6. Which of the following interpretations of the Kano model is most accurate?

A. Customer satisfaction is determined solely by the quantity of the product or service delivered.

B. Customer wants can be determined once and for all and used to design high-quality products and services.

C. Customer wants, needs, and expectations are dynamic and must be monitored continuously. Providing products or services that match the customer’s expectations is not enough to ensure customer satisfaction.

D. Customers will be satisfied if you supply them with products and services that meet their needs at a fair price.

7. In terms of project focus, Jack Welch felt that the best projects

A. attacked internal process inefficiencies.

B. solved problems experienced by customers or the end users of the customer’s products or services.

C. corrected supplier issues that permeated throughout ge.

D. were micromanaged by the project sponsor to ensure that the desired solution was implemented.

8. The Pareto priority index (PPI, expressed in unit per day) for a project saving $125,000 at a deployment cost of $6,200 over a 100-day project deployment with an expected 75 percent probability of success is

A. 5.0.

B. 0.21.

C. 6.6.

D. 0.15.

9. The reduced cost of labor is an acceptable project benefit

A. in any competitive market.

B. only when labor is in tight demand.

C. whenever labor cost exceeds the cost to train new employees.

D. only if the labor is reassigned or eliminated or if the resulting capacity increase results in higher sales.

10. The preferred method for evaluating projects when there are several criteria, each of which has a different relative weight, is a

A. Pareto priority index.

B. matrix diagram.

C. prioritization matrix.

D. DMaiC project.
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Group

Count

Sum Average Variance

Product A 6 970 1616667 9.066667
Product 8 6 1073 178.8333 11.36667
Product C 6 974 162.3333 11.06667
Product D 6 1057 1761667 14.96667
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Total 16965 23
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Training Agenda Item

Objective

Outcome

Elements of successful
Six Sigma programs

Deployment strategies.

Stakeholder focus

Resource and training
requirements

Management systems
for project sponsorship
and approval

Project selection
methods

Establish general goals for
lean Six Sigma leadership
team

Identify and address
potential stumbling blocks
to the lean Six Sigma
deployment

Identify shareholder,
employee, and customer
metrics and data-collection
schemes to track metrics

Identify human resources
challenges and
organizational cultural
issues

Define methods for project
sponsorship, approvals,
and verification of gains

Align project selection
criteria with critical

strategic business
objectives

Implementation
schedule to
satisfy goals

Proposed remedies
ncorporate
implementation
schedule;
DMAIC project to
further investigate
as necessary

Initiate DMAIC
project to develop
metrics and data
collection schemes
for each stakeholder
group

Initial
communication
plan; initiate DMAIC
project to further
identify and address
issues

Project sponsorship
and approval
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Weighted project
selection criteria for
use by champions
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Sex Show 1 Show 2 Show 3 Total
Male 136 136 68 340
Female 64 64 32 160
Totals 200 200 100 500
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Level  Description

10 May endanger personnel without warning or violate law or regulation.

9 May endanger personnel with warning or potentially result in violation of law or
regulation.

8 Major disruption to operations. Complete loss of customer goodwill or

100 percent loss of product or service may occur.

Customer very dissatisfied.

6 Moderate disruption to operations. Some loss of product or service may occur,
requiring moderate remedy. Customer will complain; product return likely.
5 Minor disruption to operations. Some loss of product or service may occur,

requiring minor remedy. Customer’s productivity reduced.
some dissatisfaction.
inconvenienced

not affected. Average customer doesn't notice effect.
| No effect noticed by customer or operations.

7 Significant disruption to operations. Some loss of product or service will occur,
requiring significant remedy, such as product sorting, rework, or extra effort.

4 Marginal disruption to operations, requiring slight remedy. Customer experiences
3 Marginal disruption to operations. No remedy required. Customer likely to be

2 slight disruption to operations. Discriminating customer notices the effect but is

*FMEA severity ratings based on AIAG (1995) and Pyzdek and Keller (2009).
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Customer Requirements

Comopetitor Evaluation

House Mama
of ltaly | Leonardo's Mia
Service Quality
Wait Time 2 5 3
Friendliness of Staff 1 4 4
Order Accuracy 5 4 4
Culinary Satisfaction
Taste 5 3 2
Temperature 5 4 3
Pricing
Some Entrées <813 1 4 3
Kids Menu 1 4 3
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Coefficients  Standard tstat p Value
Error
Intercept 68.1875 0.719235 94.80558  3.83E-12
A -2.4375 0.719235 -3.38902  0.011615
B -14.5625 0.719235 -20.2472 1.8E-07
@ 1.5625 0.719235 2.172447  0.066377
D -0.0625 0.719235 -0.0869 0.933186
AB=CD -6.9375 0.719235 -9.64566  2.71E-05
AC=8D -0.8125 0.719235 -1.12967  0.295833
AD = BC 0.0625 0.719235 0.086898  0.933186
Block 0.8125 0.719235 11129672 0.295833
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S/N ratio = 10 log [Z(1/y7/n)]
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df ss s F Significance
E

Regression 8§ 43185 539.8125 6522006  6.94E—06
Residual 7 57.9375 8276786 42

Total 15 4376.438 49
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Source df s MS F ]
tem 2 00061000  0.0030500 78.4286 0013
Operator 1 00002722 0.0002722  7.0000 0.118
item * 2 00000778  0.0000389  0.3889 0.686
operator

Repeatability 12 0.0012000  0.0001000

Total 17 0.0076500

i R v wsmus Ratorsrtbon ooy
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Subgroup Relative
size (n) Efficiency
2 1.000
0.992
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0.930
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Chanscteristic ~ Specification  Measurement  Sample  Sample Analytial  Reaction Rules
Technique  Size  Frequency _Tool
Finished 1250+ Johannson 5 T Fother character
dameter 00002 in subgroup/h X M igicsin control,
wihun e
rules

Loaal 7025 Themo- ' Continuous  Alarmed  Stop production;

amblent couple adjust cooling

temperature control; resume
production once
temperature is
okay.

Cooling 1205 Thermo. ' Vsample/  Alarmed  Stop production:

temperature couple minute adjust coaling
control; resume
production once
temperature is
okay.

Coolant 088094 Viscometer 1 1sample/ purge system

viscosity month X chant
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Sex Show 1 Show 2 Show 3 Total
Male 160 140 40 340
Female 40 60 60 160
Totals 200 200 100 500
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Coefficients  Standard tStat p Value
Error
Intercept 68.1875 0.670767 101.6559 1.04E-17
A -2.4375 0.670767 -3.6339 0.00393
B -14.5625 0.670767 -21.7102 2.21E-10
@ 1.5625 0.670767 2.329421  0.03991
AB -6.9375 0.670767 -10.3426 5.27E-07
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S/N ratio = -10 log [Z(y7) /n]
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p1=1 r1=2 P1=3 pl=4 P15
nl d dy | A dy| d dy | Ay dy| 4 dy
15 | 1.08 136 [ 095 154 | 082 175 | 069 197 | 0.56 221
16 | 110 137 | 098 154 | 086 173 | 0.74 193 [ 0.62 215
17 113 1.38 102 154 | 090 171 0.78 190 | 067 210
18 | 116 139 | 1.05 153 | 093 1.69 | 0.82 187 [ 0.71 206
19 118 140 | 108 153 | 097 168 | 0.86 1.85 | 0.75 2.02
20 | 120 141 | 110 154 | 1.00 1.68 | 090 1.83 [ 079 199
21 1.22 1.42 113 154 1.03 167 | 093 181 0.83  1.96
22124 143 | 115 154 | 1.05 166 | 096 1.80 | 0.86 1.94
23| 1.26 144 | 117 154 | 1.08 1.66 | 099 179 [ 090 192
24 1.27 1.45 119 155 1.10 1.66 1.01 178 | 093 1.90
)19 145 | 121 155 | 112 166 | 1.04 177 | 095 1.89
26 | 130 146 | 122 155 | 114 165 | 1.06 1.76 | 0.98 1.88
27 132 147 124 156 1.16 1.65 1.08 176 101 1.86
28 133 1.48 126 1.56 118 1.65 110 175 103 185
29 | 1.34 148 | 1.27 156 | 1.20 165 | 1.12 1.74 | 1.05 1.84
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2499 < 4 <2641
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Source

s

Study Var (6 x 5D)

“Study Var (%SV)

Total gauge R&R
Repeatability
Reproducibility
Operator
Part-to-part
Total Variation

0.0105535
0.0095535
0.0044840
00044840
0.0222063
0.0245865

0.063321
0.057321
0.026904
0.026904
0.133238
0.147519

42.92
38.86
18.24
18.24
90.32
100.00
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Source VarComp “%Contribution (of VarComp)
Total gauge R&R 0.0001114 18.42
Repeatability. 0.0000913 15.10
Reproducibility 0.0000201 3.33
Operator 0.0000201 3.33
Part-to-part 0.0004931 81.58
Total Variation 0.0006045 100.00
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Source df s MS F P
Item 2 00061000  0.0030500  33.4174 0.000
Operator 1 00002722 0.0002722 2.9826 0.106
Repeatability 14 0.0012778  0.0000913

Total 17 0.0076500
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Measure A Measure B Measure C
Observation 1 9 9.4 8.6
Observation 2 10 9.8 10.4
Observation 3 9 9.3 9.3
Observation 4 10 10.1 10.1
Observation 5 10 9.7 9.6
Standard 0.548 0321 0.704

deviation
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Technique
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Method
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I other
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adjust
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