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Executive Summary


Leading corporations and governmental organizations around the world are utilizing Lean and Six Sigma performance management philosophies to transform their business processes.  Enterprises who have mastered these performance management processes have achieved impressive gains in efficiencies and savings and are leaders in their competitive areas.  Lean and Six Sigma require significant effort to implement however, and must be reinforced at the highest levels based on a shared belief in a compelling reason to change.  The most successful companies are able to combine the strengths of both Lean and Six Sigma to draw on the benefits of both.  Lean production engineers are specifically trained to work with teams to resolve problems while specialists in statistical problem solving facilitate Six Sigma.  The combination of the production expert and a process improvement specialist has great potential in arriving at an optimal solution and balances the management environment with the power of both leading transformational philosophies.   

Performance Transformation Utilizing Lean and Six Sigma

For the first time in 400 years, the number of operational British warships will be less than the French.  The Royal Navy will de-commission five Destroyers in 2004, several years earlier than projected.  Unlike the fleet causalities of the Spanish Armada in 1588 or the Japanese carriers at Midway, a tragic historic battle was not responsible for the diminished size of the Royal Navy.  Instead the Royal Navy succumbed to budget cuts that threaten this island nation’s ability to project power and protect their maritime heritage.  With budgetary compelling reasons to change, the United Kingdom’s Ministry of Defense is engaged in an end-to-end review of their logistics and maintenance practice to reduce cost and increase efficiencies, with the intent to free funds for the operating forces. 

The Royal Navy example provides compelling reasons for transforming business practices to retain or obtain a competitive advantage— whether it is in national defense or in organizations competing in the global economy.  Today, more and more businesses and governmental organizations are looking across the breath of their organization to avoid waste and inefficiency in order to offer superior goods and services.  The common “business is war” mentality drives organizations away from relegating themselves to second best.  In defense, far more so than business, there is no prize for second.

Transformation

There are currently two dominant transformational philosophies that become the frame work for change utilized by industry today, one based on the Toyota Production System (TPS), generally referred to as Lean and the other Six Sigma, pioneered by Motorola .  (less common programs including Theory of Constraints and Total Quality Management have similar attributes and are not discussed in this paper).  Lean and Six Sigma programs are not mutually exclusive, they contain several of the same core concepts and many companies apply both.  It should also be pointed out that although these programs were designed for manufacturing companies their principles can and are applied in almost every industry and process from banking to manufacturing.  They are also increasingly being applied to defense practices including depot repair facilities and naval aviation training.

Louis Gerstner, former CEO of IBM, defined transformation in his book Who Says Elephants can’t Dance “as a conscious and sustainable transition to a significantly higher level of business performance and organizational health, based on a fundamental shift in underlying capabilities, systems and processes.”  A true transformation reaches across an organization’s entire value stream including operating systems, management infrastructure, and mindsets and behaviors.

Step one in any transformation is understanding and articulating the compelling reason to change and translating that into transforming mindsets and behaviors of the entire organization.  The founder of the TPS, Mr. Taiichi Ohno, stated that true transformation will not take place without crisis and the bookshelves are full of CEOs engaging us with their turn around stories. 
  

The optimal time to transform in defense is not during crisis since it may be too late by then.   As Stephen Rosen’s Winning The Next War: Innovation and the Modern Military pointed out, the United States Marine Corps developed new forms of amphibious warfare and the Navy began transforming from a battleship centric fleet into an aircraft carrier centric force during the inter war years—changes that fundamentally contributed to American victory in World War II.
   Had the military waited until after Pearl Harbor, the delay in research, development, and acquisition would certainly have changed the pace of operations if not outcome.  These changes were possible because inspired leaders set about transforming their forces by creating doctrine, testing tactics and procuring relevant equipment.  This shared understanding of desired outcome, articulated at the highest level and understood by all is the critical first step.  

Lean 

Lean is a philosophy that shortens the time between the customer’s demand and satisfaction by eliminating waste within a system.  James Womack in Lean Thinking further defines Lean as “providing a way to specify value, line up value-creating actions in the best sequence, conduct these activities without interruption whenever someone requests them and perform them more and more effectively.”
  Much of lean is counterintuitive, however, challenging a history of celebrating assembly line efficiency.  The fact remains that single speed assembly is inherently inefficient in meeting demand.
  Henry Ford invented the assembly line but Ford and other American companies have found this system is only optimal in high production volume with zero product variety (‘any color so long as it is black’), infinite model life, and completely stable demand (markets that rarely exist).  Lean on the other hand eliminates everything that does not add value in the eyes of the customer and strives to deliver exactly what when, and where customers want the product or service (see Figure 1 for an example of  Lean Manufacturing Model).
  

Figure 1: Lean Process 
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Lean History


The term ‘Lean Manufacturing’ was first used to describe TPS in, The Machine that Changed the World, written by MIT researchers.
  TPS was created in the 1940’s by Toyota to compete in the American dominated auto industry (see Figure 2 for a timeline of Lean history).  The company set out to achieve mass production efficiency in a low-volume, high diversity environment in order to compete with the American automakers mass production infrastructure.  Toyota’s goal was, and is today, to be the most efficient auto manufacturer in the world.

Figure 2: History of Lean Manufacturing
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The results from implementing Lean programs can be dramatic.  McKinsey and Company, a leading consulting firm has seen increases in productivity of 20 - 40 percent, quality improvements between 50 – 75 percent and lead-time reductions of 60 -95 percent.  These improvements are commonly attained within a relatively short time frame.
  The United Kingdom’s Ministry of Defense end-to-end study, noted a reduction in time to complete depot level helicopter service between 40-50 percent on initial implementation without adding people and without needed improvements in supply.  Northrop Gruman Corporation’s use of lean Manufacturing offers another example of saving in the defense industry and successes are listed below:
 

· Maintained F-16 sales price and decreasing order-to-delivery time by 42 percent while production rate decreased 75 percent. 
· C-17 unit price decreased from $260M to $178 M for final 80 aircraft of 120 aircraft buy.

· JDAM unit price of $15K compared to initial estimate of $68K.

· Northrop Grumman ISS lean enterprise implementation reduced throughput times 
for major systems by 21 to 42 percent.

· F/A18-E/F EMD completed on time, within budget (without rebaseline) while meeting or exceeding performance requirements.
· F-22 cost reduction attributed $15B to lean-enabled practices as of December 2000.

Lean Operating System

Lean transformations starts by defining who the customer is and what the customer considers value.  The customer must be the judge of the value of a product or service.  Focus on the customer demand will center the enterprise on what is value and what is not.  While all production operations start with the same basic inputs of people, materials, and information, in every process there are also system inhibitors in the form of waste, variability, and inflexibility that add cost in terms of time and or expense that do not add value to the customer.  These system inhibitors reduce output, quality, and ultimately, returns on investment.  Lean tools and techniques are used to reduce the system inhibitors.  

Lean Tools

These tools and techniques include Just-in-Time delivery (JIT), autonomous work, and flexible manpower.  Used in isolation or in arbitrary combinations, the outcomes are sub-optimal yet used in combination these tools are powerful improvement drivers. 

JIT means that essential parts reach the assembly line at the exact time needed and only in the amount needed.  This reduces inventory and must be skillfully managed since it can cause disastrous results if the processes do not know when and what is needed.
  In environments not employing the lean process, this knowledge is gathered from production schedules.  In contrast, Lean does not rely on production schedules to determine what supply is needed and when.   Lean utilizes a ‘pull’ system in which the step in the process that needs a part pulls from the preceding process, which automatically triggers that process to produce another part.  This self-ordering system is JIT and is facilitated by Kanban (Japanese for sign boards) or automatic reordering systems.    

The second tool in Lean is autonomous work or autonomation.  Autonomous work is a machine that has an automatic stop feature to stop the machine if defects are being produced thus giving machines a human touch in preventing scrap.
 

The third tool is flexible manpower and the application of human intelligence to the system for continuous improvement.  In conventional assembly lines, humans rarely have input to the process or ‘see’ what occurs before or after their contribution.  Lean seeks to capitalize on the knowledge of each member of the team in driving out waste in the system (see Figure 3 for examples of waste).  Applied together, these tools create a Lean system that drives out waste and creates value.

Figure 3: Eight Forms of Waste
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Flow

The three tools, self-ordering, autonomation, and flexible manpower, will not work optimally in isolation.  Lean seeks to incorporate these tools in order to create a continuous value stream or continuous flow.  Flow is defined as the movement of products and information along a value stream so that product proceeds from one end of a process to the other with no stoppages, scrap or rework.  In most processes, the amount of time actually creating value is small compared to the types of waste described and depicted in a Material Information Flow Analysis (MIFA) described later.  Take for example the custom-home building industry.  A flow analysis of a typical construction project found that five-sixths of a construction schedule falls into two categories: waiting for the next set of tradesmen and reworking to correct work done incorrectly or not to the customers’ specification.  Waste must be eliminated (in this case waiting and rework) to create flow within a system so the time required to accomplish a task is only value added time (nails being driven and bricks laid).  Flow occurs because each step in the process supports the next.  A truly Lean enterprise incorporates a system of ‘pull’ to ensure that no wasted time or effort is allowed in the process. 

Pull

Lean is not about just making a process flow faster, it is about ensuring the product or service flows faster and provides the customer their product or service when they want it.  The traditional production process of ‘push’ is defined as a system that relies on demand forecasts to establish production rates and inventory levels.  The problem with focusing on forecasts of demand is the lack of flexibility to react to fluctuations in demand.  ‘Push’ requires large inventories and excess stock for ‘just in case’ demand changes while a ‘pull’ system reacts quickly to customer demand.

The concept of  ‘pull’ is probably the most counter intuitive of the Lean process.  Nothing is done in a truly Lean system until told to do so by the next step in the system by the Kanban (Japanese for ‘signal card’).  By ‘pacing’ each step in the process, the next process is initiated by the completion of the adjacent step triggered by the pull signal Kanban.   Pull aims to:
 

· Prevent transmission of amplified fluctuations of demand or production volume of a succeeding process to the proceeding process.

· Minimize the fluctuation of in-process inventory so as to simplify inventory control.

· Raise the level of shop control through decentralization in order to give shop supervisors or foremen a role for production control as well as inventory control.

The real value of ‘pull’ is the elimination of bottlenecks and excess inventory and forcing the system to only react to pull signals.  This makes inefficiencies in the system easily seen so resources can be put in better balance to eliminating waste.


After returning from Operation Iraqi Freedom (OIF), some members of the services complained that Just in Time… Just Did Not Work.  Sadly this complaint may represent failure of the first requirement of JIT production.   JIT means always delivering exactly what the customer wants, in the quantities desired, with no waste of time or resources.   In OIF the volatility was not predicted and therefore could not be controlled.  The first step must enable all processes to know accurate timing and required quantity.  JIT is an information system that should harmoniously control the production of the necessary products in the necessary quantities at the necessary time in every process. 
  Lean does not mean emaciated, inventories will exist in situations of high variability, but these inventory levels must reflect an understanding of customer demand.  JIT is therefore a subsystem of a Lean process and starts with a good understanding of customer demand volatility and solid communication channels to transmit this demand.  This communication must be standardized and continuous using tried and proven Lean methods.  The result is determining sources of variability and reacting with a smooth level production schedule with reliable delivery for customers

Value Stream Mapping

Value stream mapping is a technique used to document the current production process from beginning to end in order to ‘see’ the value and waste.  The value stream map will find waste, identify its root cause and facilitate strategic plans for its elimination.  The value stream map seeks to sorts activity into three categories 1) those that create value, 2) those that create no value but are currently required by the process but should be eliminated in later process improvement, 3) no-value added to the customer.  Once the no value added waste is eliminated, Lean tools are applied to reduce and ultimately eliminate other types of waste.  The results are a graphic of value stream mapping a ‘current state’ map and ‘future state’ blueprint that is the foundation for implementing lasting improvement.  Dramatic savings in time, cost, and quality are realized by applying value stream mapping principles to all aspects of an enterprise.  The process is documented with a Material Information Flow Analysis (MIFA) diagram that tracks material and information flow from customer demand through the product development process to delivery.  It also documents the time required for each step of the process.  A MIFA is used to understand and describe the flow in any enterprise and depicts the information flow, process flow and time required for each step of the process (see Appendix A for an example of Current State MIFA).

Lean Management Infrastructure


Now that we know what Lean is and what it is not let’s look at implementation.  The most obvious changes are the physical ones—setting up continuous flow process and implementing standardized work with clear work instructions for each step or station.  Less obvious changes in the Lean management infrastructure are the changes in the control of production to eliminate waste.  There are four steps to implementation:  stabilize the existing operating system, introduce continuous flow, specify a pace or takt time to match the rate of production with the rate of customer demand and introduce pull (consumption-driven rather than forecast-driven production).


Step one: Stabilize the existing operations to reduce the variability to allow the establishment of continuous flow.  Batch size and inventory must be understood, measured and controlled to minimize variability.  Externally, supply chain and demand must also be understood and variability minimized.


Step two:  Introduce continuous flow processing to create a layout that allows one-piece flow and multi-process handling wherever possible.  In areas where truly continuous flow is not feasible, e.g., after a high-capacity machining center, batch-and-queue will continue.  The main steps are to design the details of the new layout, make the changes on the front line and then demonstrate the new system.


Step three:  Introduce pace or takt time production is required to match the rate of production with the rate of customer demand, thereby increasing flow still further.  A prerequisite for exactly meeting customer demand is having in place flexible manpower systems.  The two main constraints on flexibility are the physical layout and the standardization of work content.  


Step four:  Introduce a pull system to switch as fully as possible to pull-based production control, producing only what the customer consumes.  In a pull system, operations are triggered with simple signals based on real consumption, not on demand forecasts or an operator’s arbitrary decision.  Pull control increases synchronization with the customer’s own production and thus the potential for faster production speeds.  Pull is introduced and extended across the organization by connecting upstream and downstream production and logistics loops.  The most effective ways to connect the loops are simple visual systems such as the need to be replenished, rather than centralized material resource (MRP) planning systems. 


If we go back to the current state MIFA and compare it to the future state MIFA in appendix B, we can see the changes made to implement the four steps described above.  Note that the lead-time decreased by 80 percent after the Lean process was implemented.

Lean Leadership


Lean transformations are not easy to implement and need strong leadership to be successful.  The full-time change agents and the top management team must create the conditions for lasting change.  The specific knowledge of Lean systems will almost certainly have to come from outside the organization in the form of partnership with consultants who have Lean expertise or hiring an expert to lead the change.  These experts will quickly teach local change agents the Lean concepts.  Lean must become second nature and a systematic way to see value for these change agents to operate effectively within the enterprise, including aligning employee incentives to the new way of working and building the capabilities needed to operate in the future state.  This may be particularly difficult in the military where distributing assets, both budgetary and human resource related, is guarded closely and arbitrarily increasing output is rewarded without regard to how the increase affects the value stream.  

Rewards will need to reflect impact on the entire value stream not success in particular stovepipes.  Achieving alignment involves, for example, introducing review processes with short feedback loops, taking corrective action on the basis of reviews, and managing the consequences of performance.  The leadership must be committed to the long term.
  Although short terms gains are very possible, a true end-to-end Lean transformation takes years and becomes an ongoing effort.

Developing Lean Mindsets and Behavior

During the implementation phase it is imperative that the compelling reason to change is communicated from top down as described in the Ministry of Defense example.  Many Lean initiatives begin with great promise and slowly erode as organizations regress back to the old ways (see Figure 4 for step changes between performance and time).

Figure 4: Sustaining Behavioral Change in Lean Performance
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There are no short cuts to top leadership owning a significant change such as a Lean transformation.  A common understanding of goals must be internalized at every level and change agents need to be identified and empowered.  Experts should be relied on for assistance and teamed with these change agents to facilitate the actions required of a Lean system.  As noted in Lean Thinking, the Lean concept is counterintuitive and a bit difficult to grasp at first but becomes blindingly obvious once grasped.  For that reason senior leaders must create a mind-set in which temporary failure in pursuit of the right goal is acceptable but no amount of improvement in performance is ever enough.

Summary of Lean Manufacturing

Lean manufacturing leads to an integrated vision, culture and strategy to serve the customer with high quality, low cost, and short delivery time.  Lean means producing exactly what the customer wants, exactly when, at minimum cost and for a fair price.  The elements of a true Lean enterprise cannot be achieved quickly.  The benefits however are well worth the effort and include better customer value, quality and safety.  Instead of a culture of fire fighting and maintaining the status quo, a Lean system will harnesses the same capabilities to constantly improve performance.
Six Sigma History

Understanding the Lean philosophy provides the first step to realizing how the combination of Lean and Six Sigma can help organizations accomplish powerful changes.  The next section will provide material to explain the Six Sigma philosophy.  

Managers at Motorola originally developed the concept of Six Sigma in the early 1980’s (see Figure 5 for a timeline of Six Sigma history).  Facing increasingly stiff competition from the Japanese, Motorola launched an initiative to achieve a two-fold improvement in quality in 12 months.  Although initially some felt it was impossible to attain sustainable improvement so quickly, the company’s future was in jeopardy creating a strong compelling reason to change.  Utilizing the Six Sigma process, Motorola was not only able to achieve but surpass their expectations.  They realized that they had developed a framework for looking at the organization and its processes that created tremendous results.  Motorola codified and standardized the approach called Six Sigma and shared it with other companies.
  Motorola’s success and the accomplishments of other Six Sigma companies has made Six Sigma one of the leading performance management philosophy in business today.
 

Figure 5: Evolution of Six Sigma
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Source: Six Sigma:  The Break Through Management Strategy Revolutionizing the World’s Top Corporations 
Six Sigma Defined


Six Sigma is a business improvement process that allows companies to drastically improve their bottom line by designing and monitoring everyday business activities in ways that minimize process variability and improve quality while increasing customer satisfaction.  Where quality control programs focus on detecting and correcting defects, Six Sigma provides specific methods to re-create the process so that defects never occur in the first place.
  

Six Sigma is at its core a fact-based rigor and a comprehensive set of statistical and non-statistical tools employed through three key elements, 1) problem solving process, 2) statistical focused tools, 3) and dedicated and certified personnel.  At the heart of the process is the DMAIC process which creates a logic based approach and a common language for achieving solutions (see Figure 6 for steps in the DMAIC process).
  

Figure 6: Define, Measure, Analyze, Improve, Control
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DMAIC

The Six Sigma problem solving process—define, measure, analyze, improve, control—is known by the acronym DMAIC.   The process creates a standardized, disciplined problem solving approach which drives measurement and data-driven analysis of metrics focused on reduction of variation in key metrics.  The following describes each step in the DMAIC process:
   

Define. The most important step in the problem solving approach.  During the define phase the team must clearly define the scope of the project.  The key deliverables are:

· Problem statement

· Definition of a defect

· Definition of an opportunity

Measure. During the measure phase the team begins to quantify the magnitude of the problem (see Figure 7 for an example of this step). The key deliverables are:

· Baseline measure of short and long term process capability

· Process improvement goal

· Gage R&R complete on the process gages

· Process map or flowchart

Figure 7: Measuring the Magnitude of the Problem 
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Source:  McKinsey & Company
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Analyze. During the analysis phase the team must analyze process data to understand the relationship between the dependent and independent variables.  The key deliverable is: 
· Identification of independent variables (variation sources)

Improve. During the improve phase process improvements are implemented.  The key deliverables are:

· Variation sources verified and screened to the vital few

· Relationships defined between variation sources and defect manifestation

· Operating tolerances defined for the critical independent variables

· Statistical evidence that the key variables are significant

Control.   During the control phase the team develops and implements a control plan that ensures the process improvements persist.  The key deliverable is a control plan that defines how process improvements are institutionalized.  

Statistically based rigor focused on minimizing variability


The DMAIC process is supported by a set of statistical tools which lead to fact based rigor in the problem solving process.  At its core, Six Sigma is a statistically based process.  Sigma is the Greek alphabet symbol used in statistical notation to represent the “standard deviation” of a population.  A standard deviation is an indicator of the amount of ‘variation’ or inconsistency in any group of items or process.  A low sigma number means more variability.  Six Sigma is achieved when variability is measured at 99.99966 percent.   The difference in variability between 99 percent and  99.99966 or Six Sigma is statistically significant as shown in Figure 8.
               

 Figure 8: Six Sigma Statistical Process
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Source:  McKinsey & Company

 This statistics based process helps separate what is thought to be happening with what is really happening.  This is done by converting what the customer wants (‘voice of the customer’ or VOC) to measurable factors that affect VOC.  These measurable factors are called ‘critical to quality’ or CTQs and are the variables that the statistical tools measure.  These measurements should be precise, repeatable, reproducible, and stable over time (see Figure 9 for measures and typical problems).

Figure 9: Table of Measurements and Typical Problems
	Measurements Should be…
	Typical Problem

	Precise / Accurate: Measurement method does not vary form actual value 
	Inaccurate:  Measurement method or device results in values that vary greatly

	Repeatable:  Measure same item by the same person lead to same result
	Unrepeatable:  Repeated measurements on the same item or characteristic lead to different results

	Reproducible:  Two or more people measuring the same characteristic in the same way get the same result
	Unreproducible:  Two or more people measuring the same characteristic in the same way get different results

	Stable Over Time:  Measurement system does not change over time
	Unstable Over Time:  The measurement system varies over time


Source: Rath &Strong Company


Six Sigma experts are trained employees who learn to make and interpret these measurements.  The level of training they have received or become certified in is categorized by attaining several levels called Green Belt, Black Belt or Master Black Belt.

Organization and Training of Six Sigma Team


Personnel selected to be members of the dedicated Six Sigma Team should be pulled from those who are the high level performers and on track for significant promotion.  Desirable characteristics include the ability to lead change, willingness to coach and develop team members and be well versed in the financial and statistics functional areas.  Six Sigma leaders will comprise one to three percent of total personnel in an organization and their training is generally conducted by internal training or by external agents either consultants or academic institutions.
  Although no common standard has been established, there is a certification process for each designation (see Figure 10 for the different levels of training).

At the top of the Six Sigma chain is the Six Sigma Champions who are generally high-level senior personnel within an organization (senior vice presidents or flag officer equivalents).
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Figure 10: Six Sigma Personal Training Levels

They receive two weeks of training and are responsible for governing the Six Sigma initiative and reviewing the progress of projects.  These Champions are critical to the success of a Six Sigma program because without the support of senior leadership, change is impossible.  


    Source:  Six Sigma: The Breakthrough Mgt. Strategy
The next level is the Master Black Belt who is a Black Belt experienced person who have received additional training in order to mentor Black Belts and oversee multiple projects.  The Master Black Belts will report directly to senior leadership and are responsible for ensuring a cohesive company wide Six Sigma effort.

The backbone of the Six Sigma program is the Black Belts who receive five weeks of training and are project team leaders.  They are selected from up and coming personnel for a one to two year assignment as Six Sigma personnel.  These employees are the technical experts on Six Sigma and supervise the Green Belt team members who collect the data after receiving two weeks training.  Green Belt designations are generally given to personnel who are participating in Six Sigma studies in order for them to understand the concepts and be able to support the DMAIC process.


For the process to work, these Six Sigma personnel must have high visibility and the support of senior management.  Companies are most successful when appropriate leadership focus is applied with thoroughly trained and empowered Six Sigma personnel.  General Electric (GE) is one of the most successful Six Sigma companies (see Figure 11) and credits the following for their success employing Six Sigma:
 
· Figure xx

· CEO commitment and leadership s
· imple but aggressively managed metrics

· Dedicated resources

· Corporate wide consistency with flexibility to tailor the approach depending upon individual business needs

· Strong base of successful corporate initiatives as a launch platform

Figure 11: Cost Benefit of Six Sigma at GE 
[image: image9]
Summary of Six Sigma

Companies who have been able to harness the DMAIC process, master the statistical tool, and dedicate the required resources, have achieved significant results.  GE for example has compiled an impressive string of Six Sigma results attributing $6.6 Billion increase in profit to Six Sigma in FY 00. 
  Other results and operating performance improvements attributed at least in part to Six Sigma include (1995 - 1998 GE Annual Reports):

· Operating margin improvement from 13.6 percent in 1995 to 16.7 percent in 1998

· Inventory turns improvement from 5.8 in 1995 to 9.2 in 1998

· Stock price increase from $36 per share in 1995 to $102 in 1998 (1800 percent increase vs. DJIA increase of 79 percent over same period)

· Earnings per share from $1.95 in 1995 to $2.84 in 1998

· Net income from $6.5 billion in 1995 to $9.3 billion in 1998

Six Sigma fosters a strong performance culture by offering a highly scalable infrastructure with dedicated resources and a common language and methodology that can be applied generically to all problems—manufacturing as well as non-manufacturing.  Six Sigma adds value by applying fact-based rigor and a comprehensive set of statistical tools demanded by the DMAIC process.  Key characteristics of Six Sigma organizations are preoccupation with continuous improvement, setting tough goals through benchmarking, auditing all processes (manufacturing or non-manufacturing) and focus on achieving Six Sigma quality.    

A key strength of Six Sigma's appeal and wide application is that methodology can be explained and taught quickly and its principles of focusing on the financial bottom line resonate powerfully with senior leadership.  The contribution of Six Sigma is ultimately around consistency—producing output at the lowest level of variation with respect to the factors that matter most to customers, from the viewpoint of the customer.  Like Lean however, Six Sigma requires senior leadership support and commitment to sustain continued improvement.

Comparing Lean and Six Sigma

As illustrated above, both Lean and Six Sigma have related operating philosophies, performance objectives, work focus, team approach, and improvement focus (see Figure 12 for a comparison table).  While both programs are tied to financial results, Six Sigma contains an explicit cost-reduction methodology that is easy to quantify where Lean has a company wide ethos of waste elimination.   Six Sigma approaches change with a ‘project’ oriented approach, attacking waste through a series of not necessarily coordinated Six Sigma projects lasting from one month to six months.  Lean on the other had is a system wide approach seeking to implement across the enterprise all the same time.

Figure 11: Comparison of Six Sigma and Lean
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Source:  McKinsey & Company 

From the description of Lean and Six Sigma, many similarities in purpose are evident with the differences seen in areas of philosophy and tools utilized.  Many companies are finding that combining Lean and Six Sigma principles help to fully realize the potential of both.  While Lean increases customer value by eliminating waste, Six Sigma seeks to eliminate variation.  What is not common is complementary. 

Combining these performance management philosophies brings together the power of both.  For instance, a production engineer specifically trained to work with teams to resolve problems facilitates Lean Manufacturing while a specialist in statistical problem solving facilitates Six Sigma.  The combination of the production expert and a process improvement specialist has great potential in arriving at an optimal solution and balances the management environment with the power of both leading transformational philosophies.

Leaders who learn to blend Lean principles and Six Sigma statistical rigor can successfully harness the full potential of both.  At the end of the day either system alone will yield great improvements but the enterprise that can harness the benefits of both will see the biggest gains.  Royal Navy leaders are in the unenviable position of being forced to transform their operations.  Other leaders, particularly in the business world, have focused on learning how to proactively manage the progression of change through the frameworks of Six Sigma and Lean manufacturing.
Implications for the Department of Defense


Like the Ministry of Defense, there are large economies to improving maintenance and logistics in the Department of Defense (DoD).  Lean and Six Sigma are proven strategies for transforming any business enterprise.  Unlike change philosophies of the past such as TQM, Lean and Six Sigma contributions are measurable and well documented.  They do however, require total and long term commitment from senior leadership and a significant cultural change to the department.  The chance of failure is quite high if the transformation is not embraced as a long-term strategy imbued into the DoD culture.  Implementation will require both time and resources and commitment.

The rewards are proven and significant however, and who would not grasp the significant savings and efficences that are more than just possible but actually proven by enterprises very similar to those within the DoD.  Leading companies supported by universities and consulting firms have already done the hard work on Lean and Six Sigma.  The Ministry of Defense is proving the transformation benefits today.     
The great leaders of the past recognized that change must occur to ensure success in war.  Now is the time for the DoD to transform maintenance and logistics by implementing a department wide Lean / Six Sigma program.  
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