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1. Taguchi Design of Experiments (DOE)

1.1 Taguchi five stages research

The Taguchi DOE was constructed to improve the quality of product across many uncontrolled
variables. Whereas many specifications allow products to fall within quality limits, the Taguchi method

measures this deviation from the desired target and assigns a cost based upon the magnitude.

The experiment design aims to improve quality through the design process and reduce losses that
occur through deviation from the target quality parameters. This design should reduce the effect that

uncontrolled environmental factors have on the product, allowing it to remain within tolerable limits

despite uncontrolled variances. o, qve described the Taguchi loss

function here not the DOE
As explained by Fraley et al., the philosophy of Taguchi is that the deviation of quality from the target

equates to system wide cost losses. Poor product quality will result in a negative cost impact on the

consumer and society, and this will reciprocate back to the producer. (2021)

The designed experiment will have all constant variables controlled with minimal deviation; the
resulting quality characteristics should only have small deviations based upon uncontrolled noise
variables. As these noise variables are very expensive to control, the consistency can be achieved at a

lower cost by reducing their impact, the outcome will ideally have a high signal to noise ratio.

This methodology ensures consistency is used throughout the business, so long as the adopted
experiment design or system is used across all sites. Random audits may need to be carried out to

ensure all sites comply with the system adopted.
Utilising the Taguchi DOE method involves the following steps:

1.1.1  Defining the process objective.
The objective is the desired performance of a product or factor, this can be a quantifiable value that
isthe target of the design. Any movement away from this target can be used to determine the process

loss function.

1.1.2 Determine design parameters.
These parameters are what can affect the performance of the product, these are parameters that are
not expensive or difficult to control. These design parameters can be specific or can cover a range,

large parameter variances will lead to an increased number of experiments.




1.1.3 Construct an orthogonal array based upon the parameters.
The Taguchi DOE uses an orthogonal array to determine the minimum number of experimental
designs required to achieve the desired result, this means the lowest number of tests are required for

each quality characteristic of a product.

The orthogonal array allows for multiple parameters to be changed simultaneously and therefore
reduces the number of tests that would only change one parameter. It is also used to calculate how

input factors changes have a result on the output quality characteristics and performance.

1.1.4 Carry out experimental designs.
Completing these experiments will allow the product performance data for the equipment to be
collected. Once identified, the experimental designs will allow the perfarmance characteristics to be

varied and the magnitude of effect to be determined.

1.1.5 Analyse product performance based upon parameter variation.
Analysing the performance will show which factors have the biggest contribution and allow the
optimum levels to be determined for each parameter. The repeated test results when tabulated in an
array can be subject to analysis through calculation of the signal to noise ratio. Ultimately from this, a

high range of the ratio will result in this parameter having a large process effect.

Good work describing the method




1.2 Design of Experiments

Utilising the data for the DVD discs, the following calculations were performed and tabulated.
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Table 1: Taguchi data set.

The deterioration throughout the tests was totalled and the average found, detailed in table 1.

Level A B o D

1 14.00 29.33 18.67 18.67

2 32.00 18.67 22.67 17.33

3 14.67 12.67 19.33 24.67

Diff 7.85 6.07 1.63 2.96
Rank 1 2 4 3
Optimum Al B3 Cc1 D2

Table 2: Calculated results for optimum settings.

Error here, the method
Looking at each data set, the average can bqrfwmqus%mﬁfgrwonding level in table 1, this was

calculated, and the results are displayed in taH#gst values.
Difference is then

The average difference between the three leyelsowascaleylated and utilised to prioritise and rank the
factors. To summarise, factor A has the Iargeffemﬁgf‘g?&e and so varies the most based on which level
is chosen, this has the highest priority. Factor C however has the lowest average deviation and so
minimal effect being the lowest priority. As the data represents deterioration, the lowest value is

desired and so the optimum settings were chosen based on this, as shown in table 2.

Predicting the outcome based on these optimum settings can now be calculated through the average
of these values.
14+12.67+18.67+17.33

Outcome = ———="—=C = 15,6675




LEVEL 1 2 3
A Material cost (£/load) 2,500 2,400 2,200
B Process temperature (-C) 600 625 650
o Process time (hours) 2 1.75 15
D Percentage additive 2% 4% 6%

Table 3: Additional information.

Table 3 displays the specification associated with the factor levels. With this information now known,
the chosen values can be adjusted to end up with a lower cost if desired. As Al is the highest material
cost and chosen value, A3 could be chosen instead as it is the lowest material cost but has a small
impact on the predicted outcome as shown.

14.67+12.67+18.67+17.33
3

Revised Outcome = = 15.835

Therefore, with this revision, a large saving in material cost is made, despite maintaining very similar
optimum values and outcome. Would you consider any other
parameter changes and if not why
not




2. Critical Analysis of Strategic Development Techniques

2.1 SWOT
The SWOT technique is useful at categorising potential avenues on how the business can improve, this
is done through identifying strengths and weaknesses. It is an internal and external analysis that
focuses on competition and the environment and allows businesses to make strategic choices based

upon these factors.

As stated by Dergisi, “SWOT Analysis is an analysis technique that has a general perspective and
presents general solutions. Details and specific issues are not the focus of SWOT Analysis, but the other
analyses that would follow.” (2017) Therefore this tool is useful for a general strategic overview can

that be considered before the finer details are review with other tools.

An issue with the SWOT analysis is discussed by Queensland Government, where it is mentioned that
threats and weaknesses raised are not prioritised and no solutions are given. (2021) This means
further work is required for companies to prioritise the SWOT information in line with their own
agendas. Furthermore, classifying any factors into useful material can be difficult as some may fall into

multiple categories such as opportunities becoming threats if recognised by competitors.

Performing the analysis would need to be done so with consideration given to the future business
strategy predictions and goals. Doing so will ensure the analysis is relevant and not based upon the
past. (2017)

A main point is that SWOT is about things a company can control
PESTLE are factors over which little or no control can be

exerci

ST RESTLE

The PESTLE analysis is a simple tool that allows the details of the wider business environment to be
documented. This is useful for providing lots of information that is relevant and can influence company

decisions or strategy.

However, PESTLE can also provide too much information, presenting too much to make an informed
decision. The analysis will also need to be performed regularly due to the changing environment and

multitude of categories within this tool that all can become out of date with time.

An advantage of this tool is that it can allow opportunities to present themselves and any potential
threats be highlighted across any of the categories. This tool can be cross referenced against a SWOT

analysis to be more thorough.




Overall, the PESTLE analysis can provide a broad view of the business environment and can be carried
out by individuals unfamiliar with business management, providing lots of current information.
However this tool will need to be performed often to stay current, and there is a risk of strategies

developed from this, if not up dated, to become redundant.

2.3 Porter’s Five Forces

Porter’s technique focuses on reviewing the profitability of a market by considering all potential

influences or changes that can affect a marketplace.

This model provides a useful analysis of the competition within the industry and the likelihood of new
entrant threats. This information can be used to influence the strategy of the business. The model
mostly reviews the past and so has less long-term focus and more short term. The model analyses
various influences on the market or industry, rather than focusing on an individual company. This,
however, can be useful for analysing whether moving into a certain industry or marketplace will be
beneficial and how profitable that domain is for a new entrant. It also provides businesses with the

ability to stay up to date by reviewing the market routinely and assess how it is changing.

The method only reviews market influences, any forces separate to this may not be included, such a
political or technological. The market forces do not fluctuate as much as other not considered forces
such as technology and so could put the business at risk if a strategy is based exclusively on Porter’s
five forces. Therefore, this method must be used with other analytical tools to provide a thorough

overview and thus a strategy base.

As explained on Parter’s Five Forces: An Overview, when Porter’s tool was developed, the model was
sufficient due to the market stability. However, today the industry boundaries are less defined and
involve all contributors such as suppliers and retailers working together as a whole. Each of these
‘ecosystems’ is in competition with one another for the market share and competition is less so

directly between individual companies. (Omaisse, et al., 2019)

An article in the European Journal of Business and Management also explains that more research could
be conducted into each individual component of Porter’s rather than the overview that the five forces
analysis provides. This could focus on the individual contributors within each force to provide a more

detailed analysis. (Indiatsy, et al., 2014)

In conclusion, Porter’s five forces is an effective tool for analysing market competition and buyer or

supplier power. This information can supplement an already established business strategy by

What are the forces




highlighting where changes may be needed due to a changing environment. However, for forming the

basis of a new strategy, other analysis tools will have to be used to supplement Porter's model

approach. This will provide a thorough overview of the marketplace whilst also focusing on the

strengths and weaknesses of a specific company.
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3. Kano Model and Quality Function Deployment

3.1 Kano model analysis
The Kano model utilizes customer preferences to aid the design and development of a product. It
allows the quantification of customer satisfaction and measures it against five product attributes.
These attributes are described in Analysis of Kano-Model-Based Customer Needs for Customer

Development as follows:

1. Must-be (basic)

2. One-dimensional (performance)

3. Attractive (delight)

4. Indifferent

5. Reverse Very good
(Ullah & Tamaki, 2011) work

These can be seen on the Kano model of customer satisfaction in figure 1.

High Satisfaction
(Delighted)
Reverse
z 2 ) One-dimensional
Attractive q
4+ ) Indifferent
3
!
. i T .
Performance Fully Absent ".‘ ) 4 Performance Fully Present
(Dysfunctional) i LN (Functional)
ust-be
A

Low Satisfaction

(Disgusted)

Figure 1: The Kano model (Ullah & Tamaki, 2011)

Ullah and Tamaki also state the desired outcome for a product is the following:

e “Keep Must-be attributes.
* Adda good number of One-dimensional and Attractive attributes.
e Avoid Indifferent attributes as many as possible.

e Avoid Reverse attributes.” (2011)

11




A basic (must-be) attribute do not differentiate the product from competitors as they only provide the
basic functionality of the product. Increasing this attribute does not increase satisfaction, however
decreasing it will result in very low satisfaction. These requirements are expected at a basic level but
are not directly demanded. Fulfilling these will prevent dissatisfaction but will not tend towards

satisfaction.

The performance (one-dimensional) attribute if increased will result in high satisfaction and is tied to
the customer requirements and therefore the price paid by the customer. There are often demanded

and so the satisfaction is proportional to the fulfilment.

The excitement (delight) attribute does not decrease satisfaction in absence but will increase it when
present. It represents an unexpected need that can persuade a customer towards that brand or to pay
a higher price. As explained by Sauerwein et al., this attribute has the most influence on satisfaction
and it can be beneficial to improve these attributes over others as they increase the perceived quality

of the product, despite not being initially expected. (1996)

This model presents businesses with a suitable means of reducing unnecessary design attributes
through highlighting the usefulness of a factor. However, it does not state which of a products factors
applies to the Kano attributes. These will have to be discovered through consumer testing and

feedback.

12




3.2 QFD and House of Quality

The House of Quality is a design tool for applying Quality Function Deployment, this allows technical
and competitive benchmarking of a companies own against competitors and customer requirements.
Quality function deployment allows the user to translate the requirements of a customer into a

technical product specification.

Requirements
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Figure 2: QFD matrix waterfall. {ASQ, 2021)

As stated by Lai-Kow Chan et al., “Thus, the primary functions of QFD are product development, quality
management, and customer needs analysis.” (2002) This is regarding the original proposition for QFD
of analysing the customer voice to develop or improve upon a product. QFD can be used to prioritise
attributes of a product and can categorise them in to wants, musts, and wows. Once these have been
categorised, QFD can utilise the waterfall matrix in figure 2 to apply them to the organisation. Here
the stages can be worked through to provide the organisational and product structure built upon the

customer and design requirements.

A house of quality templateis shownin figure 3, this details the rows and columns required to provide
correlation between technicality and customer requirements. The technical benchmarking represents
fulfilment of customer needs and can be evaluated as a score. Competitive benchmarking evaluates
how well leading competitor products hold up against yours and the needs of the customer. For the
house of quality to work effectively, quantifiable target values need to be established. Correlation
represents that the product feature is meeting the customer needs, inconsistency indicates a design

issue that does not achieve customer fulfilment. (ASQ, 2021)
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Figure 3: House of quality template.
Three benefits to QFD:

* Translates customer needs into a quantifiable target.
* Reduced engineering design changes as ideal customer specis formed before design.
e Focuses design team on customer satisfaction to improve product quality in the eyes of the

consumer.

Yes, QFD is all about the voice of the customer and how best to
achieve the needs

14




4. Process capability

Utilising the sample table results in table 4, the mean of all 50 samples and standard deviation were

found, the long hand calculations can be found in the appendix.

Sar::,ple 1 2 3 a 5 6 7 8 9 10 Chart
- Size Count
X1 2011 | 2013 | 2012 | 20,06 | 2022 | 2013 | 2021 | 19.96 | 2013 | 202 s 5
X2 20.12 | 20.04 20 | 2014 | 20 | 20.04 | 2002 | 19.97 | 20.14 20 o6 o
X3 19.97 | 201 | 2015 | 20.23 | 2015 | 2011 | 19.97 | 20.21 | 201 | 205 197 0
X4 20.05 20 | 2011 | 2011 | 201 20 | 2005 | 199 20 20.11 19.8 0
X5 19.88 | 202 | 199 | 2012 | 199 | 20.22 | 19.88 | 199 | 2012 | 19.99 | 19.88 2
] 19.90 4
Table 4: Sample data and calculations

1996 1
Mean | 20.0754 + 35D | 2042147 1957 E
1999 1
SD 0.115356 - 35D 19.72933 2000 .
3SD 0.346068 20.02 1
20.04 2
20.05 2
Histogram and control limits 20.06 1
7 20.10 3
6 20.11 5
c 20.12 4
s 2013 3
3 20.14 2
20.15 2

2
20.20 2
| ANRNRNN | [al
’ 2050 1

2 of oM o? & §d D LG FOHEPLDOID PO P PP P :

AR LTI L i i A R R I A A oo | o

Graph 1: Histogram THis should be plotted as a line graph

The upper and lower control limits were found at 3 standard deviation about the mean, at 20.42 and
19.73. With these results a histogram can be plotted, and ‘35D’ limits applied, as shown in graph 1.
The process does not a appear to be in a state of statistical control as it does not have all its data points

within the control limits, and thus has some special causes for the variation.

Regarding the specification limits, the given tolerance is 20+0.25mm. Therefore:

2025975 _ 60008 Cpkl = 2925720075 _ g enas opkl = 22051075 (9403
6x0.115356

Cp 0.346068 0346068
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Based on these values and reviewing graph 1, the process is not very suitable as it does not follow a
traditional normal distribution curve. The process capability is below 1.0 and therefore not capable as

this dictates spread is greater than the specification limits.

16




5. Tuckman’s Five Stages Analysis
Good

work
Tuckman developed a model for team progression consisting of five stages, these reflect the

effectiveness of the team, as shown in figure 4.

t performing

adjourning

forming

Team Effectiveness

storming

Figure 4: {Lumenlearning, n.d.) Time

e Forming

The initial stage for the development of the group begins with testing and dependence. As explained
by Rijnhart, this is where relationships are established between group members and the team leader.
(2010) Members exhibit politeness towards each other, and normal group dynamics have not yet been

established.

e Storming

According to Tuckman’s model, the second stage of the model exhibits interpersonal conflict
between individuals as a social hierarchy is established and working patterns clash. Here team

members have more confidence within their own area or role, which they stick to.

However, observations have been made during tests of the model that often during the storming
stage, hostility was not directed to individual group members. As explained by Tuckman and Jensen,
during an observation, hostility was generalised towards the establishment and roles, as opposed to

individuals. (Tuckman & Jensen, 1977)

e Norming

The normalising stage comes after the conflict stage and centralises around individuals fitting into
their roles and recognising the strengths of other team members. Here the team goal commitment is

high and shared between the members.

17




* Performing

Problems here are dealt with in a constructive manner as the team is much more cohesive in
working through issues. This stage is where work is more structured and roles for individuals can

change depending on the requirement. Here the team is most productive.

e Adjourning

Towards the end of the project is when this stage is transitioned into. The goal is almost complete or

already finished and members are disbanded or moved into other projects following completion.

Overall, these team stages are a natural progression for a new workgroup assigned to a project. Figure
4 displays how the performance of the team shifts as these stages are transitioned through. The
Tuckman model is useful for identifying a team’s current progress and sets the criteria for identifying

how to advance onto the next stage, tending towards the performing stage.

18
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Appendix

Appendix 1: Process capability long hand calculations

Sample | data (;Z:]) X —x | (x; — E)g |
L i

1 20.11 0.0346 0.00119716
2 20.12 0.0446 0.00198916
3 19.97 -0.1054 0.01110916
4 20.05 -0.0254 0.00064516
5 19.88 -0.1954 0.03818116
6 20.13 0.0546 0.00298116
7 20.04 -0.0354 0.00125316
8 201 0.0246 0.00060516
9 20 -0.0754 0.00568516
10 20.2 0.1246 0.01552516
11 20.12 0.0446 0.00198916
12 20 -0.0754 0.00568516
13 20.15 0.0746 0.00556516
14 20.11 0.0346 0.00119716
15 19.9 -0.1754 0.03076516
16 20.06 -0.0154 0.00023716
17 20.14 0.0646 0.00417316
18 20.23 0.1546 0.02390116
19 20.11 0.0346 0.00119716
20 20.12 0.0446 0.00198916
21 20.22 0.1446 0.02090916
22 20 -0.0754 0.00568516
23 20.15 0.0746 0.00556516
24 20.1 0.0246 0.00060516
25 19.9 -0.1754 0.03076516
26 20.13 0.0546 0.00298116
27 20.04 -0.0354 0.00125316
28 20.11 0.0346 0.00119716
29 20 -0.0754 0.00568516
30 20.22 0.1446 0.02090916
31 20.21 0.1346 0.01811716
32 20.02 -0.0554 0.00306916
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33 19.97 -0.1054 0.01110916
34 20.05 -0.0254 0.00064516
35 19.88 -0.1954 0.03818116
36 19.96 -0.1154 0.01331716
37 19.97 -0.1054 0.01110916
38 20.21 0.1346 0.01811716
39 19.9 -0.1754 0.03076516
40 19.9 -0.1754 0.03076516
41 20.13 0.0546 0.00298116
42 20.14 0.0646 0.00417316
43 20.1 0.0246 0.00060516
44 20 -0.0754 0.00568516
45 20.12 0.0446 0.00198916
46 20.2 0.1246 0.01552516
47 20 -0.0754 0.00568516
48 20.5 0.4246 0.18028516
49 20.11 0.0346 0.00119716
50 19.99 -0.0854 0.00729316
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y‘ Reading, referencing, academic conventions and

academic honesty. A very good level of research
and referencing has been undertaken to support
the report, more use of the MOODLE resource
could have been made.

2. KNOWLEDGE AND UNDERSTANDING

06

[

y“‘ In answering the tasks, you should demonstrate

coherent and detailed knowledge and a systematic
understanding of the subject area The report
demonstrates a good understanding of the
business tools. However, there are some errors in
the work, Taguchi loss function is described in task
1 rather than the DOE. The DOE calculation is well
done. The characteristics of a process control
chart that would indicate an out of control process
have not been captured.

3. COGNITIVE AND INTELLECTUAL

14

[

y"’ Descriptive tasks will be assessed against this

generic criterion. The report has a reasonable
description of the business tools and processes in
context.

4. PRACTICAL APPLICATION

13

[

y"’ Analytical tasks, you should be able to apply the

methods and techniques that you have learned.
The calculation undertaken are correct and to a
very good standard. However, there was an error
in the ranking of variables in task 1.
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5. TRANSFERABLE SKILLS

[

y‘ Standard of presentation and organisation of your 04
work: The report presented is to an excellent
standard. The use of graphics has been made to
good effect in parts.



