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What is Six Sigma?
Six Sigma methodology is the product of decades of statistical and quality process improvements. Walter Shewart developed statistical process control (SPC) in the 1920s. Later, Deming introduced SPC into Japanese manufacturing. In the 1980s SPC grew into total quality management (TQM) and business process reengineering (BPR). BPR was focused on starting the process over and moving away from old processes, whereas TQM was focused on process improvement and quality principles. The evolution continued to Six Sigma.
“Six Sigma began in 1986 as a statistically-based method to reduce variation in electronic manufacturing processes in Motorola Inc. in the USA. Today, twenty-something years on, Six Sigma is used as an all-encompassing business performance methodology, all over the world, in organizations as diverse as local government departments, prisons, hospitals, the armed forces, banks, and multi-nationals corporations.” (https://www.businessballs.com/performance-management/six-sigma-definitions-history-overview/., n.d.)
The UK Department for Trade and Industry says Six Sigma is: "A data-driven method for achieving near perfect quality.” (https://www.businessballs.com/performance-management/six-sigma-definitions-history-overview/., June, 2005.)
According to General Electric Company (1997-2005); "Six Sigma is a highly disciplined process that helps us focus on developing and delivering near-perfect products and services.” They also state “To achieve Six Sigma Quality, a process must produce no more than 3.4 defects per million opportunities.” (https://www.businessballs.com/performance-management/six-sigma-definitions-history-overview/., n.d.)
The framework for Six Sigma consists of five stages, often referred to as DMAIC (Define, Measure, Analyse, Improve and Control). This framework is the key to understanding customer needs whilst identifying root causes to problems and improving process performance.
To have a successful Six Sigma process, all levels of an organisation must be involved.
RAP UK, a food packaging company stated: “A key part of the Six Sigma process involves drawing on department-wide expertise to approach a particular problem. It may be a management-led process, but it’s actually driven by our employees. For instance, our team will often get involved in brainstorming sessions, solutions workshops, pilot and control plans to identify and implement solutions that deliver the best value for our customers.” (https://rapuk.com/working-six-sigma-certified-specialist-looks-like-reality/#.XMyMUpNKhN0/., n.d.)

What are the principles of Lean Implementation?
Lean is a process improvement methodology which focuses on creating value for the customer by eliminating waste (activity not required to complete a process). Lean was introduced by Henry Ford with the Ford Production System (FPS). This was a focus more on the productivity side. From this origin it was Taiichi Ohno who: “…codified the Lean Management Philosophy and Practices into the Toyota Production System...”. (https://goleansixsigma.com/what-is-lean/., n.d.)
In 1990, Womack, Jones and Roos wrote a book called ‘The Machine that Changed the World’. This is where they named the approach ‘Lean’. They contrast the two different business systems of Lean vs Mass, at the time before Toyota overtook General Motors as the leading manufacturers. 
‘Lean Thinking’ (1996) also reveals the antidote to waste through these 5 principles:
1. Value – “The Lean approach begins with a detailed understanding of what value the customer assigns to product and services.” (https://blog.kainexus.com/improvement-disciplines/lean/lean-thinking-and-the-5-principles-of-lean-manufacturing/., n.d.)
2. The Value stream – “All activities required to design and produce a product from conception to launch, order to delivery, and raw materials to the customer.” (Cudney, E.A., 2013, p.498)
3. Flow – “Creating a value chain with no interruption in the production process and a state  where each activity is fully in step with every other.” (https://blog.kainexus.com/improvement-disciplines/lean/lean-thinking-and-the-5-principles-of-lean-manufacturing/., n.d.)
4. Pull – “A system in which replenishment does not occur until a signal is received from a downstream customer.” (Cudney, E.A., 2013, p.496)
5. Perfection – Achieved by going from step to step as continuous improvement addresses root causes of quality problems and production waste.
“As organizations begin to accurately specify value, identify the entire value stream, make the value-creating steps for specific products flow continuously and let customers pull value from the enterprise, something very odd begins to happen. It dawns on those involved that there is no end in the process of reducing effort, time, space, cost and mistakes while offering a product which is ever more nearly what the customer actually wants. Suddenly perfection, the fifth and final principle of lean thinking, doesn’t seem like a crazy idea.” (Womack, J., et al, 1996, p.25) 


Toyota defined the three types of waste: Muda, Muri and Mura.
Taiichi Ohno identified the seven types of Muda found in any process:
1. Transportation. Unnecessary transport of parts under production. 
2. Inventory. Stacks of parts waiting to be completed or finished products waiting to be shipped.
3. Motion. Unnecessary movement of people working on products. 
4. Waiting. Unnecessary waiting by people to begin the next step. 
5. Over-Processing the product with extra steps. 
6. Over-Production of products not needed. 
7. Defects in the product. 
The two other types of waste are:
Muri (overburden) – Unreasonable work imposed on workers and machines due to poor organisation.
Mura (unevenness) – Creating standard work and design can eliminate fluctuation and variation in products. 

What is Lean Six Sigma?
Lean Six Sigma can be adapted to many different industries and services: “Lean Six Sigma for services is a business improvement methodology that maximizes shareholder value by achieving the fastest rate of improvement in customer satisfaction, cost,  quality, process speed, and investment capital.” (https://www.coursehero.com/file/p4etp64/z-Principles-of-Lean-z-US-Army-Lean-Six-Sigma-training-presentation-back-to-top/., 07/10/2006)
The best results for business improvements can be achieved through accepting both methodologies and toolboxes. Six Sigma methodology is set to improve quality and consistency whilst Lean principles reduce waste, add flow and value to the customer. To embrace Six Sigma without accepting Lean you could have a controlled process that still uses unrequired steps, and Lean without Six Sigma can give you less waste but still incur inconsistent results.
W. Edwards Deming explained “the aim of leadership should be to improve the performance of man and machine, to improve quality, to increase output, and simultaneously to bring pride of workmanship to people. Put in a negative way, the aim of leadership is not merely to find and record failures of men, but to remove the causes of failure: to help people to do a better job with less effort.” (Out of the crisis., 1982, p.248)
For a business to benefit from Lean Six Sigma, they must first follow the Six Sigma elements of DMAIC and apply Lean tools within the problem solving framework.
[image: ]

Define
Define the problem. This stage can be difficult to choose which project to improve. Improving customer satisfaction should always be the first focus. 
Activities and tools for the define stage include:
Project Charter: 
An example template for the project charter is as follows:
Project name: Name of the Lean Six Sigma project. (Include project goal).
Problem statement: Business problem; describe what, when, impact and consequences.
Project Objectives: Describe the specific objectives of the project in measureable terms.
Customer/ Stakeholders: (Internal/External) Key groups impacted by the project.
Critical to Satisfaction (CTS): What is important to the customers, the key business drivers. (Defects, delivery time, cost).
Scope Statement: The scope of the project, what is in the scope, and what is out of scope. (Improvement recommendations, implementation plans etc.).
Financial and Other Benefit(s): Estimated benefits to the business, tangible and intangible.
Potential Risks: Risks that could impact the success of the project. Can assess risk by probability of occurrence and potential impact to the project. (Brainstorming).
Project Resources: Champion, Black Belt mentor, process owner, team members. (Include people who are part of the process).
Milestones: DMAIC phase and estimated completion dates. 
(Cudney, E.A., 2013, p.16)


Supplier-Inputs-Process-Outputs-Customers (SIPOC). “Every Process starts with Suppliers who provide Inputs to the Process which results in an Output that is delivered to Customers.” (https://goleansixsigma.com/sipoc/, n.d.) The following are examples of a SIPOC diagram for processing linen in a hospital, along with a Process Map:Figure 1. SIPOC diagram example. (Cudney, E.A., 2013, p.18)

	Suppliers-Inputs-Process-Outputs-Customers (SIPOC)

	Suppliers
	Inputs
	Process
	Outputs
	Customers

	· Materials management.
· Hospital departments
	· Standard order quantities
· Order form
· Departmental linen usage
	

Order linen
	· Linen order
	· Linen servicer

	· Linen servicer
	· Clean linen
· Seal for security
· Shipping documents
	

Receive linen
	· Shipping documents
· Seal for security
	· Materials management

	· Materials management departments
	· Unused linen on carts
· Clean linen
· Par values
	
Replenish linen
	· Replenished linen
	· Hospital departments

	· Hospital departments
	· Dirty (used linen)
	
Collect linen

	· Collected dirty linen
· Carts
	· Environmental services

	· Environmental services
	· Collected dirty linen
· Carts
	

Send linen back
	· Seal for security
· Shipping documents
· Dirty (used) linen
	· Linen services





Figure 1.1. Process map.

Value Stream Map. According to Womack and Jones, “Value-stream mapping is the process of directly observing the flows of information and materials as they now occur, summarizing them visually, and then envisioning a future state with much better performance.”(Womack, J., et al, 2011)
Voice Of Customer (VOC). This tool uses customer comments to realise customer requirements. This is performed by the team and can be useful to turn comments into structural actions. VOC is used to understand the Critical to Satisfactory (CTS) criteria. “It is critical to focus throughout the phases of the DMAIL problem-solving process and the Lean Six Sigma project on the CTS.” (Cudney, E.A., 2013, p.21)
Other tools popular in this phase: Tree Diagram, A3, Relationship Map, Stakeholder Analysis.

Measure
Quantify the problem. The second element of DMAIC, measure, consists of; defining the current process and obtaining a detailed definition of the VOC. Tools such as check sheets are used within this phase. A check sheet “…is a simple tally sheet used to systematically collect data on the frequency of an occurrence (e.g., the frequency of defects).” (https://goleansixsigma.com/checksheet/., n.d.) 
This data of frequency can be analysed using the Pareto Chart and the Pareto principle that 80% of the defects are created by 20% of the causes. Data collected here will be used in the Analyse phase of DMAIC. Using Histograms in this stage visually provide an understanding of the data through shape and variation.
Activities and tools used for this element:
Define the current process. Process map, Data Collection plan, Spaghetti diagram, Value stream mapping and metrics.
Detailed process map consisting of the different levels and purposes. This tool is often used alongside or as a feeder to the value stream map as to discuss the process in more detail.
Spaghetti diagrams are used to show the physical flow of a process. The spaghetti diagram visually displays the route that customers and products take to complete the process.
Detailed VOC. Understanding what the customer, usually external, expects from the service that is being provided. Examples may include short lead times, from the time a customer places an order to delivery. 
Another tool at this stage is defining the Cost Of Poor Quality (COPQ). 


Analyse
Analyse the data. The Analyse element of DMAIC uses all the data collected along with brainstorming with the teams to confirm root causes of a problem and/or process, related to the VOC. This phase is crucial to the process. Inadequate time spent at this stage could lead to root causes not being identified. 
“The ideal is for teams to brainstorm potential root causes (not solutions), develop hypotheses as to why problems exist and then work to prove or disprove their hypotheses. Verification includes both process analysis and data analysis and has to be completed before implementing solutions.” (https://goleansixsigma.com/analyze-phase-3-of-5-of-lean-six-sigma/., n.d.)
Activities and tools for this phase include:
Develop cause and effect relationship: Cause and Effect diagram (Ishikawa Fishbone diagram). Effect is placed at the right end of a page, centred. Causes are spurred off and sub-causes from them. Use the experience of all departments to brain storm.
[image: ]
Figure 2. Example of Fishbone diagram.
5Why. Generating the root cause by asking “Why?” several times until you reach the route cause.
[image: ]
Determine and validate root causes:
Value Added Flow Analysis. What processes add value for the customer. 


Pareto Charts. Select the Vital Few. 
[image: ]
Scatter Diagram. Visually showing correlations between grouped data.
Cause and Effect Matrix. Helps teams priorities. Process Inputs (Xs) & Customer Requirements (Ys) are ranked by importance. 
Failure Mode and Effects Analysis (FMEA). “The FMEA is used to Identify the potential failures and the associated relative risks designed into a product or process.” (https://sixsigmadsi.com/course/failure-modes-and-effects-analysis-online-training/., n.d.) 
[image: ]
Figure 4. Example of FMEA showing potential failures and associated risks.
5s. Sort, Set in order, Shine, Standardise, Sustain. Tool used to organise the workplace.
[image: ]
Figure 5. 5s cycle and example of its use.
Waste Analysis. Brainstorm the 8 different non-value adding wastes and eliminate them.
Kaizen. Plan-Do-Check-Act (PDCA). “A planned and structured event to improve an aspect of a business.” (Cudney, E.A., 2013, p.494)
Developing process capability: Defects Per Million Opportunities (DPMO). Shown in Figure 5.
[image: ]
Figure 6. DPMO visually explained.
(https://goleansixsigma.com/six-sigma-3-4-dpmo-visualized-infographic/., n.d.)



Improve
Implement and verify the solution. The fourth element is where improvement recommendations are set out. This includes the implementation of the design of the future state, pilot projects and training. It is important to document these improvement processes. 
“Once the project teams have determined the root causes it’s time to develop solutions.” “The Improve Phase is where the team brainstorms solutions, pilots process changes, implements solutions and lastly, collects data to confirm there is measurable improvement.” (https://goleansixsigma.com/improve-phase-4-of-5-of-lean-six-sigma/., n.d.)
Activities and tools for this phase include:
Identify improvement recommendations and create an Action plan. Perform cost/benefit analysis using COPQ. 
Design future state. Process map, value stream map, One-piece flow, Single-minute exchange die (SMED), Flow, Pull and Kanban. 
Kanban is method of achieving just-in-time (JIT). 
[image: ]
Figure 7. Example of Kanban visual board.
Establish performance targets. Scorecards. Approval to implement. Presentation. Training plans and procedures.



Control
Maintain the solution. This element is based on sustaining the improved implementations. Maintaining success happens through continuing to measure the success of the new process. Plans are developed in cases of dipped performance. Documentation of the new process is vital to training and teams being able to follow the new process exactly as it has been set out. 
“The better their final documentation, the easier it is for process participants to adopt the new way of doing things.” (https://goleansixsigma.com/control-phase-5-of-5-of-lean-six-sigma/., n.d.)
Activities and tools:
Applying PDCA process, 
Mistake proofing (poka-yoke). To achieve zero defects and reduce potential of human error (Figure 8).
[image: ]
Figure 8. Example of Poka-Yoke. 
(http://www.lean-fabrika.cz/ca/terminology/poka-yoke-444738#.XN0fT3l8DmI/., n.d.)
Visual management and finally, develop future plans.

Summary
The DMAIC problem-solving framework aligns both Lean and Six Sigma methodologies to achieve improvements which have been proven in many processes through many industries and services. 
By applying improvements found to other areas of the business, organisation could have multiple gains from the process.

Applying Lean Six Sigma to Tata 
It is already a business priority to improve the energy efficiency performance of Tata’s processes. The business produces 3.2Mt of steel per year with a yield of 97%. If Tata could perform at Six Sigma level (99.9996%), they could see a benefit of 98,956t of steel p/a. Worth around £4.95m p/a. 


[bookmark: _GoBack]Training a team with the principles of Lean and Six Sigma will help them gain new skills that can be utilised in tackling projects like this along with other small improvements that amount to larger changes over time. 
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