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Chapter 1: What is Six Sigma? 
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Introduction
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Six Sigma, or 6σ, is both a methodology for process quality improvement as well as a statistical tool, which seeks to reduce operational costs and improve customer satisfaction. The main premise of Six Sigma is that inbuilt variations exist in every process and this will lead to opportunities for error. Subsequently, these opportunities for error tend to lead to increased risk for product defects. As a result, those product defects—whether in a product or a service—tends to lead to poor customer satisfaction. Therefore, Six Sigma works to reduce the inherent variation in the process and thus reduce the opportunities for error. The Six Sigma method aims ultimately to reduce process costs and increase customer satisfaction. 
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Benefits of Six Sigma
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When an organization adopts Six Sigma, they also create a culture of improvement driven by customer expectations and business objectives. It is this culture of continuous improvement that sets Six Sigma apart from other quality improvement systems or methodologies. The culture drives employees to meet their customer expectations and the organization’s own business goals.

Moreover, Six Sigma has a proven track-record in reducing both operational cost and the costs of quality over time. All businesses must be concerned with operational costs as bringing down costs and keeping them under control is critical in reducing operating expenses and thus improving profits. Moreover, as profits relate to revenue, businesses must focus on optimizing revenue earned now and in the future.

Six Sigma is driven by the Voice of the Customer and it aims to reduce variation, reduce defects and improve customer satisfaction. By improving customer satisfaction through delivering an improved product or service with fewer defects Six Sigma delivers improved sales and thus net margin and company value over time. 

It is always important to continue to reduce costs and Six Sigma is very helpful in accomplishing that goal. Indeed, reducing costs of quality is an important aspect in bringing down operational cost as well because organizations could be spending as much as 20 to 75 percent of the cost of sales in just assuring quality in products and services. With increased market share there is even greater pressure to continue to work towards shorter product development cycles being tightly aligned to the customer's needs and doing everything better and faster than the competitors

Taking a Factual-Data Driven Approach 

When an organization decides to apply Six Sigma, it will typically establish teams and project managers whose job it will be to implement improvement strategies that are based on data collection, analysis, measurement and metrics. This may not seem like something new as data centric analysis in Business Management Planning and Business Intelligence have been in vogue for several decades now. However, back in the 80’s and 90’s many business leaders made decisions based on intuition or experience rather than on data analysis. Six Sigma doesn’t make experienced leadership, intuition and process knowledge redundant, far from it. Instead, Six Sigma is complementary to process skills, experience, and knowledge as it provides the process data that is the foundation for informed decision making. An example is that a manager’s experience or intuition might suggest a process isn’t working and provide an off the cuff solution to improve the output. However, implementing change without validation is high-risk because it could negatively affect the process output. Instead, by applying Six Sigma the manager can validate and test those assumptions as the idea or change in question goes through rigorous analysis and data testing first thus avoiding any unintentional consequences. 

Decision Making with Six Sigma

Contrary to the gut-feeling trial-and-error methods of the past, the Six Sigma method lets organizations identify problems, brainstorm solutions, validate assumptions, and plan for implementation to avoid unintended consequences. Importantly Six Sigma also has a control phase that allows the project team to continue to monitor the change long after the implementation. Following the Six Sigma methodology allows organizations to achieve all of this, at a fraction of the cost and effort of traditional methods. Applying techniques such as statistical analysis and process mapping to problems and solutions and by collecting and modelling process data the project teams can visualize and predict outcomes with a high-level of accuracy, letting leadership make informed decisions with less operational and financial risk. 
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What is Sigma?
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Sigma is rooted in statistical analysis and standard deviation in particular. To understand the concept of Sigma we need to understand first the concepts behind normal distribution.

Understanding Normal Distribution

Data can be "distributed" (spread out) in different ways, it may lean to the left, to the right or just be all over the place. However, in a stable controlled process data tends to be around a central value with no bias left or right, and it gets close to a "Normal Distribution" like this:

[image: image]

The Normal Distribution Curve (Bell Curve) 

This curve is a probability distribution where the most frequently occurring value is in the middle and other probabilities tail off symmetrically in both directions. There are some key points regarding this curve:


●  Theoretically, it does not reach zero

●  The normal distribution curve can be divided in half with equal values falling on either side of the most frequently occurring value

●  Indicates random or chance variation

●  The peak of the normal distribution curve represents the center of the process

●  They are divided up into 3 standard deviations on each side of the mean



The normal distribution curve is one of the most important statistical concepts in Lean Six Sigma. This is because the purpose of Lean Six Sigma is to solve problems where the number of defects is too high. A high number of defects statistically equals high variation in the process. The normal distribution curve allows you to visualize the variation in a dataset. The dataset represented by the curve could refer to just about anything such as the downtime in a mobile telephone service or the variance in measurement of a widget in manufacturing. So long as the data follows a normal distribution curve, it means that the data is eligible for certain statistical tests that are used in the analysis stage of the Six Sigma process.

Standard Deviations (Sigma)

The Standard Deviation represented as sigma is a measure of how spread-out numbers are from the mean (centre-point). The small letter sigma (σ) is derived from the Greek Alphabet and is used to represent standard deviation in math and statistics. 

When we calculate the standard deviation, we find that generally a 68/95/99.7 rule applies:

[image: image]

It is good to know the standard deviation, because we can say that any value is:


●  likely to be within 1 standard deviation (68 out of 100)

●  very likely to be within 2 standard deviations (95 out of 100)

●  almost certainly within 3 standard deviations (99.7 out of 100)
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Defining Six Sigma 
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Six Sigma is a methodology for process quality improvement, which defines the statistical concept represented by 6σ. Technically, 1σ (sigma) is equal to 1 standard-deviation from the mean (plus or minus). The term standard-deviation or sigma refers to the amount of variability in a given set of data: whether the data points are all tightly clustered together, or very spread out and is defined as the square root of the variance.

As sigma is used to represent 1 unit of standard-deviation we can have several sigma levels (1 - 6) as depicted in the chart below. 

[image: image]

Note: The higher the sigma level the less defects there are measured in DPMO (Defects per Million Opportunities).

For most organizations, reaching higher Sigma levels for their processes is a constant target as advancing from lower levels of Sigma to a Four or Five Sigma process has a drastic impact on costs and customer satisfaction. However, their ultimate goal of achieving and maintaining “Six Sigma quality” or process “perfection” is difficult and requires continuous process improvement. 

Six Sigma Quality

"Six Sigma quality" this term is commonly used to indicate that a process is stable and well controlled. In Six Sigma terms this means that the process, the work being done, is stable and runs within the limits ±3s from the center line (the Mean) in a control chart, and has requirements/tolerance limits ±6s from the center line on the lower to upper specification limit scale (x-axis).
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In a Six Sigma process, there are only 3.4 defects per million opportunities. In percentages, that means 99.99966 percent of the products from a Six Sigma process are without defects. At just one sigma level below—5σ, or 99.97 percent accuracy—processes experience 233 errors per million opportunities. In simpler terms, there are going to be many more defects or unsatisfied customers. At very low levels of sigma, any process is unlikely to be profitable. The higher the sigma level, the better the bottom line is likely to be.

Calculating Sigma Level 

Organizations and teams can calculate the sigma level of a product or process using the equation below:  

[image: image]

Consider a process in a marketing department that distributes product discount vouchers to customers or prospects. The process is designed to insert 30,000 vouchers in pre-addressed envelopes each day. In a given business week, the process outputs 150,000 letters. The marketing department begins receiving complaints that people are receiving letters in envelopes that are addressed to them, but the vouchers inside are addressed to or relevant to someone else. 

The marketing department randomly selects 1,000 letters from the next week’s batch and finds that 5 of them have errors. Applying that to the total amount, they estimate that as many as 750 letters could have errors. The letter process has 150,000 opportunities for error each week and an estimated 750 defects.  

((150,000 – 750) / 150,000) * 100 = a yield of 99.5 

Look up a yield of 99.5% in the abridged Sigma table below and you’ll see the process described above is currently between 4 and 4.1 sigma.
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Increasing Sigma Level is Not Always the Answer

Sigma levels provide organizations with a high-level look at how a process is performing, but comparing sigma levels between multiple processes doesn’t always point to the particular process an organization should improve first. This is where business management and leadership come into the mix as they have to decide which processes require improved sigma levels. This is because you have to consider costs, resources, estimated impact of the improvements, and the return on investment (RoI). Sometimes the cost involved in improving a process may not return sufficient benefits to the customer to be financially viable. Hence, the budget would be better spent on a process that did return a significant benefit to the customer.

Applying a Six Sigma project to all processes isn’t financially feasible since those improvements take time and money. A Six Sigma culture is about continuous improvement, which means teams consider all potential projects and processes before embarking on the most lucrative improvement measures.

Common Six Sigma Principles 

A primary principle of the Six Sigma methodology is a focus on the customer.  Bearing this in mind an organization can impact their sigma level by integrating the core principles of Six Sigma methodology into their Business Intelligence, Process Management, and quality improvement endeavors. 

Customer-Focused Improvement

Focusing on improvement from the customers; perspective is a worthy goal but we should not apply the Six Sigma process just for the sake of driving up sigma levels. The project should always be cost effective and return measurable customer benefit. But how do we know what the customers want?

The Voice of the Customer (VoC) 

VoC is a tool useful for establishing what the customer really wants from a product or service by listening to the customer via the use of feedback channels. By combining that knowledge with measurements, statistics, and process improvement techniques, organizations can take the guesswork out of delivering an improved product or service. Focusing on the VoC gains a detailed understanding of the customer and customer desires, and their current likes and dislikes. The Voice of the Customer not only lets businesses customize product offerings and services in line with customer desire, but ultimately, it bolsters profits, customer retention, and loyalty. 

Understanding the VoC lets organizations: 

• Offer additional features customers want and are willing to pay for 

• Prioritize product development to meet current needs 

• Develop new ideas based on customer feedback 

• Understand changing trends in the market 

• Identify areas of concern 

• Prioritize work on challenges based on how customers perceive various problems or issues • Test solutions and ideas before investing time and money in them 

Value Streams 

A Value Stream is a list of all the components necessary in delivering a product or service. Value Stream mapping is a technique used in Six Sigma that organizations use to create a visual guide of all the components necessary within that process. The goal is in optimizing the process by analyzing and understanding the relationships and the flows between components.

The process of creating a value stream map takes all the necessary components such as people, processes, information and inventory, and displays them in a flowchart format. By visualizing all elements that go into creating a product or service, organizations can apply lean principles to reduce waste in specific areas of their processes.

Continuous Process Improvement 

Inherent to the Six Sigma method is the concept of continuous process improvement. An organization that adopts a Six Sigma methodology will never stop striving for improvement. A team adopting Six Sigma principles identifies and prioritizes areas of opportunity on a continuous basis. Once an area is improved upon, the organization ensures that the improvement is stable and performing as expected before it moves on to improving another area. 

Nonetheless, if an individual process is improved from 4 Sigma to 4.4 Sigma, the organization may consider other ways to move the sigma level up even further. The goal is not to improve sigma level for the sake of it but to move ever closer to the “perfect” level of 99.9997 accuracy for all processes within an organization. This goal is achievable only while maintaining other business goals and requirements, such as financial viability, process stability, and a healthy cost/benefit ratio. 

Variation 

Typically, in Six Sigma the best way to continuously improve a process is to reduce the variation in the process. Every process contains inherent variation: in a sales out-bound calling center, for example, there will be variation in each phone call. In this example, simply providing a call script will help reduce process variation. In order to reduce variation Six Sigma employs well‐structured continuous improvement methodology and statistical tools to reduce process variability. Nonetheless, the key to reducing variation is through standardization, such as:


●  Standardize work steps

●  Standardize materials and sourcing. 

●  Standardize to reduce in-process variation. 

●  Standardize gaging. 



Remember: consistency is the goal.

Removing Waste 

While the concept of process waste is a concern in Six Sigma, it is borrowed from a methodology known as Lean Process Management. Nonetheless, removing waste—items, actions, or people that are unnecessary to the outcome of a process—reduces processing time, opportunities for errors, and overall costs. 

Equipping People 

Implementing Six Sigma improved processes is only a temporary measure unless organizations provide their employees with the tools to monitor and maintain the improvements. This may take a two-tier approach whereby initially a project team of Six Sigma specialists define, plan, and implement an improvement. That team then trains and provides the employees who work directly with the process with the knowledge, tools and procedures necessary to manage the improved process and ensure it remains in a state of control.  

Controlling the Process 

Often, Six Sigma improvement projects come about to address processes that are deemed to be out-of-control. However, for a process to be considered out-of-control it must meet specific statistical requirements. This is because the goal of improvement is to bring the process back within a known good state of statistical control. Then, after improvements are implemented, measurements, statistics, and other Six Sigma tools are used to ensure the process remains in that state of statistical control. An important part of any continuous improvement process is to ensure that controls are put in place and that the employees who are hands-on with the process on a regular basis know how to use the controls. 
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Challenges of Six Sigma
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Six Sigma is not without its own challenges. As it requires commitment to continuous improvement, Six Sigma is often viewed as an expensive or unnecessary process. 

Some obstacles and challenges that commonly plague Six Sigma projects include lack of support, resources, or knowledge, poor execution of projects, inconsistent access to valid statistical data, and concerns about using the methodology in new industries. 

Lack of Support 

Six Sigma requires support and buy-in at all levels of an organization. Leaders and executives must be willing to back initiatives with resources—financial and labor related. Subject-matter experts must be open to sharing information about their processes with project teams, and employees at all levels must embrace the idea of change and improvement and participate in training. 

Common barriers to support include: 

• Leaders that don’t buy-in to the Six Sigma process 

• Leaders who are uncommitted  in managing or championing projects

• Employees who are resistant to change 

• Department heads who have interest only in their own processes and are unwilling to enter into a collaborative mindset  

––––––––
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Lack of Resources or Knowledge 

Lack of knowledge about how to use and implement Six Sigma is one of the early challenges that companies face. Smaller businesses can’t always afford to hire dedicated Six SIgma trained resources to handle continuous process improvement. However, Six Sigma training makes it increasingly possible for organizations to use some of the tools without an expert or to send in-house staff to be certified in Six Sigma. 

Poor Project Execution 

Companies implementing Six Sigma for the first time, especially in a project environment with high-levels of management scepticism, need to be seen to be successful first time. Therefore it is essential to pick Six Sigma projects diligently. The team should aim for “low hanging fruit” projects that provide easy wins and highly visible benefits. They should avoid large projects that are unmanageable or the benefits oblique. The only disadvantage with selecting easy-win, high-reward projects is that it can be hard to replicate the success later on. But remember it's not really about early wins and that long-term implementation and commitment is vital in Six Sigma. In addition, teams can help avoid poor project performance by taking extreme care to execute every phase of the project correctly. 

Data Access Issues 

Data access and analytics issues are a common challenge for organizations trying to implement Six Sigma. Gaining access to other departments' databases or to any consistent and accurate data streams and then being able to apply statistical analysis to that data is always going to be difficult. Some data-related challenges include: 

• Important process metrics are currently not being captured 

• The use of manual data processes  

• Automated data processes that capture everything and create scope challenges 

• Data that is skewed or biased due to assumptions or human interaction in the process, 

• Lengthy times between raw data capture and access 

• Industry or company compliance rules that make it difficult to gain access to necessary data 

Concerns about Using Six Sigma in a Specific Industry 

Organizations particularly in service orientated fields often view the Six Sigma methodology with a measure of skepticism. It is often seen as irrelevant to the business or the methods will be too difficult, time-consuming and costly to implement.

This is due to Six Sigma having its provenance in the manufacturing industry and so even today many of the concepts and tools of the methodology are still taught in the context of a factory or industrial environment. In reality, Six Sigma can be customized to any work for any industry. In fact, Six Sigma has a proven track record in profit and non-profit, government, manufacturing, financial, retail, technology, and call centre. It's not just relevant to manufacturing as service organizations of any size can apply Six Sigma.




Chapter 2: Six Sigma History and Application 
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While the development of Six Sigma is commonly agreed to have come from companies such as Toyota and Motorola, the underlying methodology is actually much older and based on early concepts of math and statistics that date as far back as the 19th century. Indeed many of today's popular quality and improvement systems can be traced back to the same roots. Therefore, it is important to begin by distinguishing between Six Sigma and other quality improvement systems such as Total Quality Management. Both are quality improvement programs, which look to achieve goals such as reducing errors and defects, making processes more efficient, improving customer satisfaction, and boosting profits. But most of today’s quality programs are concerned with achieving a specific goal. The quality program either runs forever, fixated on a specific target, or it achieves the end goal and then must be reset for a new target.  

Six Sigma, on the other hand, works to a specific target only when working on individual projects but they are themselves part of the greater continuous improvement process, which in effect is never finished. Fundamentally, Six Sigma is a continuous process improvement methodology, which seeks to instill a culture of continuous improvement and quality that optimizes performance of an organization. It’s the cultural element at the core of Six Sigma that allows organizations to bring about wide-ranging improvements that drastically impact efficiencies and costs and that is what differentiates it from other quality improvement systems. Moreover, Six Sigma creates safeguards and tactics so that, even after a project is considered complete, controls are in place to ensure progress continues and prevent a return to the old practices.
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Statistical Process Control 
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Six Sigma methodology is built on the five-step cycle known as DMAIC, which stands for Define, Measure, Analyze, Implement, and Control. DMAIC is designed to improve existing processes. However, when developing new processes Six Sigma teams usually use a methodology known as DMADV, which stands for Define, Measure, Analyze, Design, and Verify. This alternate model is used to accomplish improvements and develop controls for entirely new processes. Nonetheless, even though both the methodologies date back to the 80s and 90s the underlying math and statistics is actually much older.  

Indeed, the roots of statistical process control, which is the backbone for Six Sigma methods, began with the development of the normal curve by Carl Friedrich Gauss in the 19th century. Today the normal curve or Bell Curve is perhaps the most widely used model for probability distribution. 

Moreover, we are introduced to the concept of sigma back in the 1920s. This was when American physicist and statistician Walter Shewhart expanded on the bell curve concept and demonstrated that “sigma imply where a process needs improvement”, (one sigma is one standard deviation). 

Shewhart first came up with the concept that closely related sigma level and quality. He defined a process in need of correction as one that is performing at three Sigma. Hence, any part of a process that deviates plus or minus three Sigma from the mean requires improvement. Because errors and costs exponentially increase as sigma level decreases, Shewhart’s definition has very practical applications in industry.

Shewhart is also credited with being the father of control charts, which are a critical component of statistical process control. It is the use of control charts that lets organizations maintain improved performance after a Six Sigma initiative.

A contemporary of Shewhart was another physicist and mathematician named W. Edwards Deming who was working for the U.S. Department of Agriculture. It was Deming who introduced Shewhart's statistical concepts to the United States Census Bureau, applying his theories outside of an industrial or manufacturing environment for possibly the first time.  Nonetheless, Deming has his own contribution to quality improvement through his ideas on the PDCA cycle, or plan-do-check-act cycle. The idea is that improvement is achieved when you recognize there is:


	A need for change and make a Plan to create improvement. 

	Next, you Do something by testing your ideas. 

	Using the results of the test, you Check or verify that your improvements are working. 

	Then you Act, bringing your improvements to a production environment or scaling improvements outside of the test environment. 



[image: image]

The fact that PDCA is a cycle means it never ends; there are always improvements to be made. This is a core tenet of Six Sigma.  

Following World War II, Deming became a consultant to manufacturing companies in Japan, and thereby introducing the ideas and concepts that would soon become the Toyota Production System, or Lean Six Sigma.  

Several other individuals contributed to the development of the Toyota Production System. One man, Kiichiro Toyoda, added automated systems and later, Eiji Toyoda and Taiichi Ohno introduced concepts known as Just-in-Time and Jidoka, which are the foundation of Lean Process Management and are now part of what is known as Lean Six Sigma, they include:

• Defining customer values 

• Identifying the value stream for customer needs and desires 

• Identifying waste in the process 

• Creation of a continuous process flow 

• Continually working to reduce the number of steps and time it takes to reach customer satisfaction.

Lean management is focused on removing waste from any process. Waste is undesirable in any form as it increases costs and time spent on a process.

Decades after Toyota developed its system, engineers at Motorola began to question how effective their quality management programs were. In the 1980s a Motorola engineer called Bill Smith eventually developed many of the methodologies associated with Six Sigma today. The system Bill Smith developed, Six Sigma, was influenced by, but differs from, other quality or management improvement strategies such as Total Quality Management and Zero Defects. The Six Sigma methodology requires bringing processes to a “six sigma” level. This essentially means a metric of less than 3.4 defects for every one million opportunities. 

Motorola perfected its Six Sigma methodology over the next two decades. In addition to statistical tools, the team created an industry generic step-by-step process for making gains and improvements. For the first time, this type of statistical process control was taken out of the manufacturing environment as Motorola applied the method to customer service, engineering, and technical support. It used the process to create a collaborative environment between stakeholders inside and outside of the organization.  
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Basic Management of Six Sigma
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Six Sigma is typically managed on two levels within an organization at the team and at the enterprise levels. In this chapter we will discuss managing at the team-level and cover topics such as building a Six Sigma team, detail roles within a team, and talk about timelines and schedules, milestones, budgets, and defining the measure of success. 

Adopting Six Sigma

Organizations have to balance how they adopt Six Sigma with budgetary concerns—but when implemented correctly, Six Sigma generally leads to savings that more than cover its initial investment. While Six Sigma can be applied to most problems of process, it’s not always suitable to problems of culture or people. For example, Six Sigma relies on statistics, so if the problems at the root of an issue cannot be solved by statistics, then Six Sigma can’t help. 

Applying Six Sigma Knowledge 

Six Sigma is initially applied via a controlled project identification, selection, and management process. Once areas or processes of concern are identified, the business leaders will typically turn to a project team comprising analysts, Six Sigma experts, and subject-matter-experts for a cost benefit analysis. 

The Six Sigma team will then work to quantify exactly how broken a process is (by calculating the current sigma level, current costs of defects, current downtime, and other metrics) and importantly how much it might cost to address the problem. Problems are then prioritized according to severity in addition to the organization’s ability to address the issue. The Six Sigma team will then begin working through the priority list. 

Building Six Sigma Teams

There are some important aspects about the characteristics of six sigma teams that we need to take into consideration. First, six sigma teams are ideally multi-disciplinary and cross-functional. The reason for that is to avoid what's called group-think. The aim is to make sure the team is viewing the entire value stream across the process so there is a need for a team to be able to share information and expertise seamlessly and be able to share knowledge and resources both internally and between teams.

Three Types of Team Members 

When putting teams together, organizations should remember that with relation to a Six Sigma project there are three team member types. 

First, there are the regular team members. These individuals will participate in all activities of the team and attend all of the team’s meetings. Regular team members will include project leaders, process owners and identified subject matter experts who the team feel would be critical members of their group.  

Second, ad hoc team members provide expertise on an as-needed basis. Usually, these are subject matter experts or employees who work directly with the process. These employees are included in team meetings only as needed when additional information or assistance is required. This is because removing these employees from their daily task to attend every team function would undoubtedly have a negative effect on the business.

Finally, resource team members, these employees are only included when the project team leader feels they are necessary to a meeting or team event to provide expert information, counsel, or help in accessing resources. Resource team members are usually members of ancillary departments such as IT, accounting, human resources, or compliance. Resource team members might also be managers or leaders in departments that are related to the process being improved. 

Tips for Selecting Team Members 

It is considered to be a best practice to keep most Six Sigma process improvement teams to five regular team members. Having too many regular team members can be counterproductive as it creates issues related to poor communication, unmanageable brainstorming sessions, and may lead to burnout. 

Another problem with building large teams is that due to a lack of talent resources there’s a good chance that team members will be serving on multiple projects. While ad hoc or resource team members can serve on more than one project concurrently due to their limited participation, and still handle their own work on a daily basis, this is not the case with regular team members. They should not be asked to serve on more than one team and handle daily workloads. In fact, organizational leaders may consider reducing work requirements for team members who are serving as full-time members on a project. Other tips for selecting team members include: 

• Choosing employees who are knowledgeable about the customer, product, or process related to the project. 

• Choosing employees who have shown a willingness and ability to work toward improvement in a team environment. 

• Selecting employees who have access to and an understanding of the data required to learn about and measure the process or problem. 

• Picking employees who can provide at least five hours of work per week to the team. 

• Matching the skills of employees to the projects at hand; if a project is likely to include all technical improvements, you would be less likely to add a team member who is skilled in marketing. 
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