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Introduction
In this report, the methodologies of Lean and Six Sigma for process improvement will be discussed and analysed along with the main stages of a Six Sigma process improvement plan and the principles of Lean implementation. Lean and Six Sigma methodologies can vastly improve a production process within a company, minimising production time and the number of defects occurred, and therefore increasing quality and efficiency within the process. 
While Lean and Six Sigma process improvement plans contain many similarities with the idea of continuously seeking perfection of a process and working around the customer’s satisfaction and requirements, when analysed it is clear that there are also many differences within the two methodologies. 
In many organisations a Lean Six Sigma approach can be found, this is “a combined management approach, LSS (Lean Six Sigma) amplifies the strengths and minimizes the weaknesses of both approaches when used alone.” (Intrieri, 2018)

What is Lean Manufacturing?
Lean manufacturing is the idea of eliminating waste within a process to improve the quality of the given results. There are known to be 8 different wastes of lean, “The original seven wastes (Muda) was developed by Taiichi Ohno, the Chief Engineer at Toyota, as part of the Toyota Production System (TPS). The seven wastes are Transportation, Inventory, Motion, Waiting, Overproduction, Over processing and Defects. They are often referred to by the acronym ‘TIMWOOD’. The 8th waste of non-utilized talent or ‘Skills’ of workers was later introduced in the 1990s when the Toyota Production System was adopted in the Western world.” (Skhmot, 2017). Lean manufacturing brings the target of taking full advantage of all resources within a company’s production process and therefore “help your business processes gain efficiencies and, as a result, become more effective and competitive in any marketplace.” (Landau, 2019).


Lean principles
The 5 principles of lean are known worldwide in the manufacturing industry and are required to implement a lean management within a company. 
Define Value - identifying value is important to minimise waste and ensure that every activity carried out in a process in necessary. In many cases “Value is what the customer is willing to pay for” (Do, 2017). Although, in some cases a lean management system may be implemented to improve the production efficiency and time, therefore the customer is the company itself and the value is the quality of production. 
Map the Value Stream – when mapping the value stream, the value is used to categorise each activity which is carried out during production to identify the waste and eliminate/ minimise it. Waste can be split into 2 categories: non-value adding but necessary and non-value adding and unnecessary. The necessary waste will have an aim to be minimised  to improve production time and the unnecessary waste will be eliminated to ensure the customer is getting what they want when they are paying for a product and to save time and money.
Create Flow – creating a flow in the new system is to ensure the operations continue to run smoothly and have no interruptions which could produce types of waste. Doanh Do suggests “breaking down steps, reconfiguring the production steps, levelling out the workload, creating cross-functional departments, and training employees to be multi-skilled and adaptive.” (Do, 2017).

Establish Pull – A pull system is established to ensure the waste remains at a minimum. Commonly found in manufacturing is the waste of inventory, “wastes resulting from excess products and materials that aren’t processed.” (Skhmot, 2017). The pull system concentrates on a just-in-time manufacturing method, where everything is made to the customer’s order once the order is placed. this system tackles the inventory waste within a company as there will be no pre-manufactured parts being stored which may become unusable due to possible modifications to a customer’s specifications.
Pursue perfection – the final principle of lean is the idea of continuous improvement within a companies production method, following the principles of lean continuously will provide an opportunity for the company to get increasing better each day through production time, the value being delivered and as a result, profits within the company. Doanh Do states that “Every employee should strive towards perfection while delivering products based on the customer needs.” When a company and their employees are truly pursuing perfection.


Limitations of Lean
Although Lean manufacturing is the target for many companies within the manufacturing industry, there are a number of disadvantages/limitations that may be encountered when initially introducing the idea. To implement a lean program into a company takes a lot of time and research before physical differences can be made, a special team within the company will need to be assigned specific roles to find and tackle the different types of wastes. A lot of money is needed to be invested into the process also as new equipment may be needed and the production line will need to be altered to suit the program. A Lean program is not made to anticipate problems within the production of an order which means that when a problem does occur it will have a greater impact than usual within the company, “Lean has very little room for error. Equipment or labour failure can lead to major inconsistencies and can make the entire operation fall behind.” (Lean Manufacturing Advantages and Disadvantages, 2018). Efficiently running a lean program within a company also relies heavily on the cooperation of the employees, ensuring they follow the given plan exactly to efficiently work with as little waste as possible. 


Six Sigma Improvement Methodology
Six Sigma is a data-driven approach to minimizing defects to at least a target of 3.4 DPMO or better in any type of process. Six Sigma is a methodology to improve quality and efficiency within a process by identifying areas of opportunity, implementing improvements, measuring success and maintaining control of the process. Similar to Lean manufacturing, the philosophy of Six Sigma is to continuously improve a process. This is done by measuring defects in a process, systematically eliminating them and getting as close to perfection as possible. “The concept behind this approach is to reduce the variation in processes. This reduction leads to consistent and desired outcomes from processes. Hence, Continuous process improvement with low defects is the goal of this method.” (Rastogi, 2018).
To be successful in Six Sigma, an organisation must follow a disciplined plan with each project. A common disciplined plan used through many Six Sigma companies is the DMAIC 5 step process. DMAIC is broken down into 5 stages, these steps being: Define, Measure, Analyse, Improvement and Control.
Define - Define is the first phase of the Six Sigma improvement process. By the end of the define phase the project team’s target is often to produce a project plan, to plot a process map and to prepare a project charter which includes a problem statement/description, the project goals, a time plan (target schedule for project progression) and the overall estimated project benefits. This data is assessed by the board of directors within an organisation to decide whether to approve the project.
When undergoing the define stage of the DMAIC cycle, Six Sigma tools are used to create a greater understanding of the project goals and problems within a process which need to be minimised. Possible Six Sigma tools which can be used in the define stage are VOC (Voice of Customer) along with the house of quality for a further analysis, FMEA (Failure Mode & Effect Analysis) and Process flow charts.
Measure - Measurement is critical throughout the whole project as it provides key indicators of process progression and is used to “identify the possible causes of variation and waste.” (Smith). Before moving on to the Analyse Phase, the team defines their measurements and determines the current performance or the baseline of the process. Tools such as histograms or pareto charts can be used to clearly define and analyse measurements/metrics. 
Popular metrics found in Six Sigma projects are DPO (Defects Per Opportunity) and DPMO (Defects Per Million Opportunities).
Analyse – The analyse phase is used to explore all the possible causes to the main problem identified in a process and narrow them down to identify the root cause. Many Six Sigma tools can be used for the root cause analysis, such as the fishbone diagram, brainstorming and the 5 whys, which was developed by Sakichi Toyoda and is used as part of the Toyota production system. Taiichi Ohno explains “The basis of Toyota’s scientific approach is to ask why five times whenever we find a problem … By repeating why five times, the nature of the problem as well as its solution becomes clear. “.
Without due care in the analysis, teams can implement solutions that don’t resolve the issue. This wastes time, consumes resources, increases variation and risks causing new problems. “the effectiveness of process improvement through six sigma project lies on the correct identification of root causes.” (Rastogi, 2018).
Improve – the improve phase of the DMAIC cycle is where every bit of research and discussion covered in the previous phases is put into use to produce a solution. During this phase the established solution is also tested and finally implemented, where a new set of measurements are taken for a comparison on how the process has been improved.
[bookmark: _Hlk66911250]Six Sigma tools which are may be used during this phase are; brainstorming, prototyping and simulation software. Along with other improvement systems such as the ‘5S’ which works towards discipline and producing optimal workflow conditions, “The term originally referred to five Japanese words whose English equivalents are Sort, Straighten, Shine, Standardize, and Sustain.” (Mapue). Alternatively, Poka Yoke (error proofing) which works towards minimising all human error, “A mistake prevention approach that aims to eliminate product defects by preventing, correcting, and signalling the occurrence of human errors as they happen.” (Mapue).
Control - In the Control Phase, the team develops a Monitoring Plan to track the success of the updated process once it is implemented entirely. To complete the implementation of the plan the right guidelines and work instructions need to be produced, taught and displayed within the organisation, to guide the employees working within the process. This may include some new training for the required staff members to ensure the Six Sigma plan is followed correctly and targets are met.
Six Sigma tools such as Control charts and SPC (statistical process control) are used, this “ensures that the required performance is maintained.” (Rastogi, 2018).


Lean Six Sigma combined approach
The Lean Six Sigma combined approach is used to extract the main qualities of each improvement methodology and combine them to pursue perfection within a process. As discussed previously, Six Sigma is a data driven approach to minimising variations and defects produced. Whereas Lean manufacturing focusses more on Reducing/eliminating waste within a process and ensuring that the time taken within a process is reduced and used entirely to fit the customer’s needs.
Independently, the Lean or Six Sigma approach may not reach the desired process improvement benefits within an organisation. Therefore, the ideal approach to process improvement is, the Lean Six Sigma combined approach as “In this management approach, traditionally the lean methodology is used first to remove the waste in a process. Later, the Six Sigma tools are used to improve process variations.” (Rastogi, 2018). Tackling ever possible issue within a process and pursuing perfection.
ASQ (The American Society for Quality) states, “Lean Six Sigma is a fact-based, data-driven philosophy of improvement that values defect prevention over defect detection. It drives customer satisfaction and bottom-line results by reducing variation, waste, and cycle time while promoting the use of work standardization and flow, thereby creating a competitive advantage. It applies anywhere variation and waste exist, and every employee should be involved.”
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