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Abstract
The Taguchi Design of Experiments method was analysed in depth. A worked example of the Taguchi design of experiment was completed and it was determined that the optimum parameter was A1, B3,C1,D2 with a deterioration rate of 1.99, however it was altered to A3, B3, C3, D1 at a deterioration rate of 4.66 to make the system more cost effective.
3 strategic development techniques were analysed to determine the internal and external factors of each. It was determined that a SWOT analysis has both internal and external factors while both PESTLE and porters five forces only incorporate external factors.
Both the Kano model and QFD were analysed as processes of a company determining what the customers want in a product. The Kano model is an effective way of determining the amount of customer satisfaction that will be achieved with investment in certain areas. Whilst a house of quality is a tool more suitable with prioritizing the importance of certain aspects whilst trying to achieve an end product.
Samples of a component were taken from a milling machine and using CP and CPK it was determined that 3.5% of all the components that are created will be outside the upper or lower control limits, so it was recommended that recalibration was carried out on the machinery.
Tuckman’s five stages of a team’s progression were analysed and it was determined that the majority of teams go through the same five stages forming, storming, norming, performing and adjourning. To obtain maximum effectiveness in a project it is vital that the team get to and stay at the performing stage for as long as possible. 
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[bookmark: _Toc40948590]Introduction
This report has been completed to gain a further understanding of the different management techniques which are used by companies. Companies use management techniques for a multitude of reasons. These include increasing efficiency of the manufacturing process or increasing the quality of the finished product. They can also be used as tools to gather information whether its information on the current economic climate to information about the customers needs and wants. Whatever the reason a company chooses to use management tools they all share the same reason and that is to increase profits.
The following report analyses a multitude of types of management techniques to determine what will be effective in increasing the overall profits of a company. These include Strategic management techniques, quality function deployment, Taguchi design of experiments, Tuckman’s theory of team development and determining the suitability of a product.




[bookmark: _Toc40948591]Task 1
[bookmark: _Toc40948592]1a
Identify and discuss in detail the steps involved in a Taguchi Design of Experiments (DOE).
There are 6 crucial steps involved in a Taguchi design of experiments. According to (qualitymag, 2003) they are as follows.
Step 1 – Identify the various factors or the number of parameters that can be evaluated. Various tools such as flowchart analysis or cause and effect are useful in the design of the experiment. This is the most important stage in the Taguchi design of experiments. If any important parameter is left out then the results may be inaccurate so therefore useless.
Step 2 – This step involves classifying the factors identified in step 1 into noise, control and signal factors. Noise factors are factors that are uncontrollable due to expense, production problems etc. Control factors are factors which can be controlled, these are often set to minimize the effect in which the noise factors have on the process. A signal factor is something that is controllable by the operator themselves. This step also involves determining the level numbers for the process and design parameters. The value of a parameter is known as a level. A good example of levels is the fuel efficiency of a vehicle. It is based on a number of factors/levels such as speed, tyre pressure etc.
Step 3 – This step involves designing the experiment. To help in this experimental design the Taguchi method uses orthogonal arrays (OA). These are a group of tables and numbers which help those who are determining the impact of a certain number of noise and control factors within a small sample. In a Taguchi design of experiments OAs are used to optimize the manufacturing/planning process. To choose the correct OA a number of factors needs to be determined such as the company’s budget, the final objective etc.
Step 4 – The experiment is to be conducted based on a few vital conditions to ensure the validity of the experiment. Firstly, there needs to be sources of external noise similar to that in the real-world scenario. Secondly, all necessary resources and materials need to be available prior to the experiment taking place. Thirdly, a cost benefit analysis needs to be completed to ensure that the experiment is cost effective. Fourthly, the samples need to be taken at random to ensure an accurate representation of the product is obtained.
Step 5 – After completion of the experiment the results need to be analysed and interpreted. From these results it is possible to determine what parameters offer features such as the highest performance, the highest range between samples, the highest efficiency or to see if improvement is even possible. A confidence interval can be calculated from these results. “Confidence intervals are another way of expressing the reliability of our estimated mean value” (Andrew P. King, 2019).
Step 6 – Verifying the experiment. This needs to be completed to validate the conclusions to the experiment. This can be completed by running a confirmation experiment. If this experiment falls outside the confidence interval it is classed as a failure. Possible reasons for an experiment failure include using the wrong OA for the experiment, inadequate control of any noise factor. If, however the results lie within the confidence interval, improvements can be made on the product.

[bookmark: _Toc40948593]1b 
Determine the optimum parameter levels and predict the outcome.
By analysing the results of the Taguchi DOE below in table 1 it has been possible to determine the most efficient parameters to be used in the production of the DVD coatings.
	L9
	A
	B
	C
	D
	Deterioration

	1
	1
	1
	1
	1
	20

	2
	1
	2
	2
	2
	12

	3
	1
	3
	3
	3
	10

	4
	2
	1
	2
	3
	48

	5
	2
	2
	3
	1
	28

	6
	2
	3
	1
	2
	20

	7
	3
	1
	3
	2
	20

	8
	3
	2
	1
	3
	16

	9
	3
	3
	2
	1
	8

	
	
	
	
	Total deterioration
	182

	
	
	
	
	Average deterioration
	20.22222222


[bookmark: _Toc40106997]Table 1- Table showing Taguchi DOE



This was achieved by adding the total deterioration of each individual parameter and comparing the totals of each as seen below in table 2
	 
	 
	 
	 
	TOTAL
	Average

	A1
	20
	12
	10
	42
	14

	A2
	48
	28
	20
	96
	32

	A3
	20
	16
	8
	44
	14.666667

	B1
	20
	48
	20
	88
	29.333333

	B2
	12
	28
	16
	56
	18.666667

	B3
	10
	20
	8
	38
	12.666667

	C1
	20
	20
	16
	56
	18.666667

	C2
	12
	48
	8
	68
	22.666667

	C3
	10
	28
	20
	58
	19.333333

	D1
	20
	28
	8
	56
	18.666667

	D2
	12
	20
	20
	52
	17.333333

	D3
	10
	48
	16
	74
	24.666667


[bookmark: _Toc40106998]Table 2-Average calculations
With the total deterioration of each parameter change calculated it was possible to determine the optimum parameters by using the lowest level of deterioration from each of the parameters tested. A1, B3, C1, D2 is the optimum parameter to use.
Now that the optimum parameter is found it was possible to estimate the potential outcome if that selection of parameters were used. This was achieved using the formula below. Where T equals the average deterioration.
  . 
 
 
Therefore, the estimated deterioration with the parameters set at A1, B3, C1, D2 is 1.999
[bookmark: _Toc40948594]1c
How would this information affect the decisions you made in part (b) of the question?
With the following information below in table 3 certain changes can be made to the process to make it as efficient as possible
	
	LEVEL
	1
	2
	3

	A
	Material cost (£/load)
	2,500
	2,400
	2,200

	B
	Process temperature (oC)
	600
	625
	650

	C
	Process time (hours)
	2
	1.75
	1.5

	D
	Percentage additive
	2%
	4%
	6%


[bookmark: _Toc40106999]Table 3-Process information
Firstly, it needs to be calculated how effective altering each of the parameters is. This is achieved by finding the difference of the lowest two readings of each of the parameter changes as seen below in table 4.
	 
	A
	B
	C
	D

	1
	42
	88
	56
	56

	2
	96
	56
	68
	52

	3
	44
	38
	58
	74

	Difference
	2
	18
	2
	4


[bookmark: _Toc40107000]Table 4-Difference calculation
As can be seen above the most important parameter to be kept the same is the process temperature as the affect that changing the temperature has on the deterioration is high. This is due to the difference being 18, so excluding the temperature the remaining parameters can potentially be changed to reduce the cost of the process. For example, if the material was changed from A1 to A3 reducing the cost of material by £300 per load the deterioration would only increase to 2.666. 
Along with that changing the amount of additive in the process to 2% from 4% and reducing the process time to 1.5 hours from 2 hours will only increase the deterioration to 4.666 which is still far lower than anything in the L9 DOE. That being said it would be suggested that the parameters are changed to A3, B3, C3, and D1 for a more cost-effective system.



[bookmark: _Toc40948595]Task 2 
Compare and contrast the following three strategic development techniques; SWOT, PESTLE and Porter’s Five Force Analysis. Describe each technique correctly giving examples of the external and internal factors considered by the techniques. 
[bookmark: _Toc40948596]SWOT analysis
SWOT is an acronym for strengths, weaknesses, opportunities and threats. “SWOT Analysis is a strategic planning framework used in evaluation of an organization.” (Gurel, 2017) This in turn helps create competitive strategies. SWOT is helpful in the analysis of a situation as it enables the company to identify various factors from within the company itself and also externally. The internal factors include all the organizational factors which are the strengths and weaknesses. The external factors include all the environmental factors so are the opportunities and threats. 
Strengths are factors which give the company an advantage in the marketplace, such as a highly skilled workforce or a good reputation. This in turn will result in a better product and more sales. Weaknesses are the direct opposite. They are any factor which cause the company a disadvantage in the marketplace such as a poor safety record causing a negative impact on the company’s reputation. Opportunities are any factors that may benefit the company such as the closure of a rival company causing an influx of demand of the company’s product. Threats are the opposite, such as the sudden price rise of materials causing a decrease in profit margins.
[bookmark: _Toc40948597]PESTLE analysis
PESTLE is an acronym for Political, Economic, Social, Technological, Legal, and Environmental. A PESTLE analysis is used to help a company identify its external factors as according to (Ho, 2014) all PESTLE factors are external. This in turn will enable managers to find the current position of the company on the marketplace.
[bookmark: _Toc40948598]Porters five forces
Porter’s five forces is aimed at a company being able to analyse their competitors. Porter states that the competition in the given industry is based on five basic forces. 
The competitive rivalry - This examines how powerful the competitors are. If this competition is poor it is possible for the company to raise its prices therefore increasing profit margins. 
The bargaining power of suppliers- This analyses how much power the suppliers have over the company and their ability to raise the price of materials therefore lowering the company’s profit margin. 
The bargaining power of customers - This examines the effect in which the customer has on the price of the product. Customers have more of an effect when there are a multitude of suppliers compared to the number of customers. Giving them the ability to switch to cheaper alternatives. 
The threat of new entrants. This analyses how easy it is for a new competitor to join the market place.
The threat of a substitute product – This analyses the potential of customers changing to a different product. For example, in the oil industry the threat of customers changing to an alternative such as electric cars is ever present.
The reasoning behind Porters five forces is to help the company establish itself within an industry which is stable and less likely to change in a way which will have a negative effect on profits.  All of Porters five forces are external (Pervan and Pavic, 2018) 

[bookmark: _Toc40948599]Task 3
[bookmark: _Toc40948600]3a
Sketch the ‘Kano’ model and comment on each of the factors.
The Kano model consists of 4 features basic, performance, delight and neutral. These are highlighted below.
· Basic-These are the most basic of features which need to be included in the product if it will stand any chance of competing within the marketplace. For example, in automotive industry this will include the most basic of features such as electric windows and cupholders. All basic requirements need to be met to ensure customer satisfaction.
· Performance- These are features that that add value to the product and customers may be disappointed if they were not included such as air conditioning and parking sensors etc. 
· Delighters: These features are normally the newer features that the customer does not expect. The more of them or the higher quality of these features will increase customer satisfaction exponentially. In the automotive industry they will include features such as park assist or adaptive cruise control etc. However, as technology advances the customer expects more and the delighters slowly become performance factors. This happened with features like air conditioning.
· Neutral- These are features that add zero customer satisfaction to the finished product, so needs to be decided whether or not they are worth working on.
Below in figure 1 (Mesz, 2017) is the Kano model indicating the amount of satisfaction that is achieved with an increased investment in each of the four features.
[image: ]
[bookmark: _Toc40105859][bookmark: _Toc40107050][bookmark: _Toc40520425]Figure 1-Kano model

[bookmark: _Toc40948601]3b i
Give three reasons why a company should use QFD
QFD is an acronym for Quality Function Deployment. Companies use it to find the opinions of its products consumers. It translates the voice of the customer relating to who, what and how. Below are three reasons why a company would use QFD
The voice of the consumer is used to translate the technical specifications required in production of the product, which in turn acts as a connection between the deployment of a product and the technical requirements needed to achieve the maximum level of customer satisfaction.
The use of QFD maintains the integrity of the customer’s voice using it to create innovative strategies to help achieve the company’s vision statement. Generally, companies use QFD as a planning and development tool, which offers the company ways of quality assurance, which in turn will help receive maximum customer satisfaction.
QFD promotes better teamwork within an organization. Firstly, the marketing department carries out market research to determine what features need to be achieved with the latest projects. This information is given to the engineering department to create a product design. This designed product can then be passed to the manufacturing department to create the product. The finished product will be given back to marketing to advertise the product back to the consumers and the process resets. “QFD ensures that your organization's teams work together by focusing them on the same goal.” (Stewart, 2017)
[bookmark: _Toc40948602]3b ii
Sketch a simplified House of Quality, describing what goes into the rows and columns. 
A house of quality diagram is the first part in a four-phase quality function deployment. It derives its name from the roof shape correlation matrix that sits on top of the diagram. This correlation matrix evaluates how the defined product specifications optimize or sub-optimize each other. Below is a simplified version of the house of quality.
[image: ]
[bookmark: _Toc40105860][bookmark: _Toc40107051][bookmark: _Toc40520426]Figure 2-Simplified house of quality diagram
Below is a fully annotated working model of a house of quality which would be created and used by a company.
[image: ]Relationship between the two WHATS and HOWS
WHATS
HOWS
Prioritized solutions
Prioritized customer requirements
Relationship between the HOWS. Shows any conflicts

[bookmark: _Toc40105861][bookmark: _Toc40107052][bookmark: _Toc40520427]Figure 3-Working house of quality diagram

[bookmark: _Toc40948603]Task 4
[bookmark: _Toc40948604]4a
Plot the sample results on the average and range control chart and calculate the upper and lower control limits.
The chart overleaf in table 5 contains the measurements of 10 samples of 5 components taken from a CNC machine. This machine is set to manufacture the components to a 20mm length. From these results calculations have been made to determine the mean of each of the samples along with the ranges. 



	Sample No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	X1
	20.11
	20.13
	20.12
	20.06
	20.22
	20.13
	20.21
	19.96
	20.13
	20.2

	X2
	20.12
	20.04
	20
	20.14
	20
	20.04
	20.02
	19.97
	20.14
	20

	X3
	19.97
	20.1
	20.15
	20.23
	20.15
	20.11
	19.97
	20.21
	20.1
	20.5

	X4
	20.05
	20
	20.11
	20.11
	20.1
	20
	20.05
	19.9
	20
	20.11

	X5
	19.88
	20.2
	19.9
	20.12
	19.9
	20.22
	19.88
	19.9
	20.12
	19.99

	sum
	100.13
	100.47
	100.28
	100.66
	100.37
	100.5
	100.13
	99.94
	100.49
	100.8

	mean
	20.026
	20.094
	20.056
	20.132
	20.074
	20.1
	20.026
	19.988
	20.098
	20.16

	range
	0.24
	0.2
	0.25
	0.17
	0.32
	0.22
	0.33
	0.31
	0.14
	0.51


[bookmark: _Toc40107001]Table 5-Sample data
With this information it was then possible to calculate the mean of the whole process and the average range.  
Process mean = Total of mean results/number of samples = 20.0754
Mean range = Total of range results/number of samples = 0.269
With this information it is possible to calculate the upper and lower control limits for both the range and the mean. This is completed with the following formulae
The values for the constants are found below in table 6. 
[image: ]
Table 6-Table of constants

	
UCL = 20.0754+ (0.308X0.269)	
UCL = 20.158			



LCL = 20.0754- (0.308X0.269)
LCL = 19.993
See below in figure 4 a graph of all the averages with the upper and lower control limits included.
[image: ]
[bookmark: _Toc40105862][bookmark: _Toc40107053][bookmark: _Toc40520428]Figure 4- Average graph showing UCL and LCL


UCL =1.777X0.269
UCL = 0.478



LCL = 0.223X0.269
LCL = 0.06
See below in figure 5 a graph of all the average ranges along with the upper control limit. There is no lower control limit included on the graph as if the range was 0 that would be ideal.
[image: ]
[bookmark: _Toc40105863][bookmark: _Toc40107054][bookmark: _Toc40520429]Figure 5- Graph showing range and UCL

[bookmark: _Toc40948605]4b
Discuss the checks for special causes that should be carried out to determine whether or not the process is in a state of statistical control.
Over time a process will become stable and the outcome will become predictable. With a stable process it is possible to create a six-sigma graph as shown below in figure 6.
 
[image: ]
[bookmark: _Toc40105864][bookmark: _Toc40107055][bookmark: _Toc40520430]Figure 6 - Typical 6 sigma graph
However, no process is perfect samples need to be taken routinely to determine if the process is in a state of statistical control. If there are any special causes acting on the system two things may happen. The readings will fall outside of the specified upper and lower control limits. Also, the readings will not randomly fall within these control limits indicating that the distribution has changed shaped or shifted to either direction as seen below in figure 7.
[image: ]
[bookmark: _Toc40105865][bookmark: _Toc40107056][bookmark: _Toc40520431]Figure 7 - 6 sigma graph with a +/-1.5 standard deviation
These special actions may include tool wear and need to be rectified by the operator or technician so that the process can be brought back to statistical control.
[bookmark: _Toc40948606]4c
The specification for the component is given as 20  0.25mm. Determine CP and CPK and discuss the suitability of the process.
There are two values that need to be calculated CP (Process Capability) and CPK (Process capability index). CP and CPK are two different ways of measuring the capability or accuracy of a process. They are normally used in the manufacturing sector to help ensure that the products will meet the specified requirements. They originate from the Six Sigma system for quality. The difference between the two is that the CP tells the user whether the process is capable of making the product within the required specification whilst CPK takes the mean into account and tells the user whether it will meet the target specification.



Below is both CP and the CPK of this process
Cp  =  Total specified tolerance
       		6  
Cp  =      0.5mm
                 6x 0.0524
Cp  =      1.59


Cpk  =  Upper Specified Limit -  	or 	   - Lower  Specified Limit 
		3						3
Cpk  =  20.25 – 20.0754 			or 	  20.0754 – 19.75 
	    3X0.0524				      3X0.0524	
Cpk  =  1.11 				or		2.07

Therefore, the lower of the two options is taken meaning that CPK is 1.11.

In a perfect scenario both the values of CP and CPK would be identical meaning that the process is perfectly centred. However, it is as expected that the CP value is higher than the CPK value as it does not incorporate the mean. 
With CPK being 1.11 it shows that the process is fairly suitable for the application. According to the chart below in figure 7 approximately 3.5% of all components will be defective and require rework or scrap.
[image: ]
[bookmark: _Toc40107002]Table 7- CPK conversion table
However, 3.5% of all products being defective is quite substantial so it would be recommended to shut the operation down and recalibrate until a CPK of at least 1.33 is achieved
[bookmark: _Toc40948607]Task 5
Provide a detailed description Tuckman’s FIVE stages of a team’s progression and discuss the implications for team activities.
According to (Fred C. Lunenburg, 2015) in the Tuckman theory there are five stages of development that every team must go through to be successful. They are detailed below
Forming stage – This is the initial phase that happens before any work on the project is completed. This is when the team meet each other for the first time. They introduce themselves to each other with past experiences etc and get acquainted.  This is also when they learn about the project the team will be working on and discuss the goals and outcomes of a project along with what roles they will be carrying out for the duration. 
Storming stage – This stage is unavoidable especially if it is a new team composed of people who have never worked together. It is usually the stage with the most conflict as each team member is still trying to understand their role and responsibilities within the project. If this conflict is not managed effectively by the team leader the team will struggle to move on to the later stages and the project will suffer due to low morale and motivation.
Norming – This is the stage where the team starts to work together effectively. Differences in opinions and past quarrels are settled for the good of the project. Each team member understands their role and responsibility and there is team cohesion. At this stage instead of competing against each other for personal gain. The team members will actively seek the input of each other and respect each other’s opinions. However, at times the team leader may need to step in to solve any conflicts or differences between the team members.
Performing – In the performing stage the team is functioning at the highest level possible. All the awkward and professionally immature moments of the previous stages have passed and the team is working together for the good of the project. Not every team makes it to this stage as at this stage the team is not reliant on the team leader. They can make decisions and solve conflicts and carry on with the day to day activities without the oversight of the team leader. However, at this stage it is possible to revert back to a previous stage if something changes within the team, such as a new member joining will revert them back to the forming stage.
Adjourning – This is the final stage in any team where the project is finished and the team disbands. It is the stage which is best used for reflection and evaluation. If the project went well the team can identify what best practices were used and use them in future projects. If the project was unsuccessful it is important to capture any lesson learned moments for future projects.

[bookmark: _Toc40948608]The implications for team activities.
For every team the progression through the stages differs depending on the members and leader. Some teams transfer through the first three stages to the performance stages rapidly whilst others are slower due to potential setbacks and conflicts, some teams even don’t make it to the performing stage. Teams however should not be discouraged as if the earlier steps are adjourned to and proper team leadership is in place the team should eventually reach the performance stage. If, however this is not the case changes to the team need to be made to ensure the project is completed at maximum efficiency.
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Table of Control Chart Constants

X-bar Chart for sigma R Chart Constants S Chart Constants
Constants estimate
Sample
oo A As dy Ds D, B; B,
1.880 2.659 1.128 0 3.267 0 3.267
1.023 1.954 1.693 0 2.574 0 2.568
0.729 1.628 2.059 0 2.282 0 2.266
0.577 1.427 2.326 0 2.114 0 2.089

0.419 1.182 2.704 0.076 1.924 0.118 1.882
0.373 1.099 2.847 0.136 1.864 0.185 1.815
0.337 1.032 2.970 0.184 1.816 0.239 1.761

3
4
5
6 0.483 1.287 2.534 0 2.004 0.030 1.970
7
8
9

10 0.308 0.975 3.078 0.223 1.777 0.284 1.716
11 0.285 0.927 3.173 0.256 1.744 0.321 1.679
12 0.266 0.886 3.258 0.283 1.717 0.354 1.646
13 0.249 0.850 3.336 0.307 1.693 0.382 1.618
14 0.235 0.817 3.407 0.328 1.672 0.406 1.594
15 0.223 0.789 3.472 0.347 1.653 0.428 1.572
16 0.212 0.763 3.532 0.363 1.637 0.448 1.552
17 0.203 0.739 3.588 0.378 1.622 0.466 1.534 m
18 0.194 0.718 3.640 0.391 1.608 0.482 1.518
19 0.187 0.698 3.689 0.403 1.597 0.497 1.503
20 0.180 0.680 3.735 0.415 1.585 0.510 1.490
21 0.173 0.663 3.778 0.425 1.575 0.523 1.477
22 0.167 0.647 3.819 0.434 1.566 0.534 1.466
23 0.162 0.633 3.858 0.443 1.557 0.545 1.455
24 0.157 0.619 3.895 0.451 1.548 0.555 1.445

25 0.153 0. 0.565 1.435
Control chart constants for X-| MR (Moving Range) Charts.
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The point of inflection on the normal distribution
2z curve is where sigma is measured (the point at
13 which the curve changes from convex to concave).
14

Alternatively, it can be calculated using the formula:

© = V[s(x- O)?] i individual values of X are given.
n

17 The mean is the centre of the normal curve and is a measure of the location (o setting) of a process.

Control chart theory is based upon the assumption that distribution of any variations in size about the mean value represents the process variability and, if plotted, would
18( follow a normal curve of distribution.

The standard deviation (s) or (c) of a statistical distribution is a measure of the spread of that distribution. The greater the standard deviation, the grater the variabiliy.
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