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Explaining the multi criteria decision analysis process done as a group in class, when trying to decide on the preferred dish washer using the scoring and weighting method.
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[bookmark: _Toc486454356][bookmark: _Toc498976880]2.0 Introduction
This report will firstly be explaining the principles of Multi-criteria decision analysis (MCDA), to conceptualise the methodologies used in conducting the group analysis. The group decided to create a decision problem in an experiment, to understand the processes in conducting a MCDA. This report will explain how group decisions, and the identification of the problem needing mitigation impacts the analysis undertaken. An explanation of what criteria the group thought was important to include when conducting the experiment, including the processes of scoring and weighting based on the importance of the chosen criteria, followed by a sensitivity analysis. The report will explain each process in conducting a MCDA and the outcomes of each part of the experiment. An explanation behind the groups decisions at each point of the experiment will be made to illustrate the way in which the analysis can influence the importance, and the unimportance of the criteria decided upon by the group.
[bookmark: _Toc486454357][bookmark: _Toc498976881]3.0 The principles of MCDA
Problematic decision making due to the complexities created by multiple criteria, resulting in the likelihood of conflicting preferences made likely, as for example the cost of an item compared to the preferred benefit. A utilisation of a MCDA is conducted to simplify the decision process. The simplification of the decision process is a result of scoring the criteria, and weighting the criteria based on the preferences required.  The analysis by no means makes the decision, but helps order the preferences to meet the required objectives. By ordering the preferences form the most preferred to the least preferred, this highlights the costs versus the benefits (cost does not always mean in money), however the results can also highlight the significance of the chosen criteria, therefore the removal of unimportant criteria can give a greater accuracy in another MCDA and could show a difference in results from the previous MCDA. The process of the removal of unimportant criteria to give possibly better results is called a sensitivity analysis. A metaphor for a sensitivity analysis could be similar of that to the game Jenga, where the wooden blocks could represent the criteria applied to the MCDA. The unimportant blocks can be removed thus leaving the structure standing on the important blocks. The important blocks support the weight and keep the centre of gravity balanced. The centre of gravity would be a balance of cost versus the preferred benefit to meet the objectives, with the weight being the weighting provided and supported by the criteria to meet importance. Pull to many blocks out, risks the pulling of an important block out, this results in the fell of the structure. In the game of Jenga the blocks removed are placed on the top level of the tower, this increases the weight of the more important criteria, where the new weight is distributed depends on the placing of the block on the top row, trying to maintain the centre of gravity by the balancing of the criteria (London 2009).
 
.
[bookmark: _Toc486454358][bookmark: _Toc498976882]4.0 Finding an ideal candidate for the experiment and ordering of preferences
The group needed to find a candidate in which to conduct the experiment. The group decided to browse online for electrical goods, because of their ease of comparability, and free access to the data needed. The group decided on hypothetically purchasing a dishwasher from a range of specifications available to them. The group found different specifications and prices of the dishwashers conflicted with hypothetical wants and needs, making it difficult in selecting an item for purchasing, and making a quick and clear decision. The group decided on eleven criteria that was agreed to be of significance for the analysis from six different dishwashers, each of which was made by different brands. Figure 1 illustrates what criteria, and scoring of the criteria the group decided on in the form of a table (London 2009).

[bookmark: _Toc486454359][bookmark: _Toc498976883]4.1 Figure 1


	Criteria
	1
	2
	3
	4
	5

	Water use
	>9
	 
	9
	 
	<9

	Energy
	B or lower
	A
	A+
	A++
	A+++

	Capacity
	5
	6-8
	9
	10-13
	14

	Reputation
	<6
	6
	7
	8
	>8

	Warranty
	=<2 Years
	3-4 Years
	5 Years
	6-7 Years
	=>8 Years

	Price
	£450
	£390
	£305
	£220
	£160

	Programmes
	<5
	 
	5
	 
	>5

	Noise level
	>60
	52-59
	44-51
	35-43
	<35

	Colour Choice
	No
	 
	Integrated
	 
	Yes

	Childlock
	 
	No
	 
	Yes
	 

	Digital Display
	 
	No
	 
	Yes
	 



As the table illustrates, a scoring of 1-5 was applied to the variances of the criteria, 1 being a very negative variable, to 5 being a very positive variable. This scoring allocation of the variables gives order of preferences, making the next stage of scoring each of the criteria from each of the dishwashers possible.
[bookmark: _Toc486454360][bookmark: _Toc498976884]4.2 Scoring of the dishwashers
The creation of a table allowed for the scoring of the dishwashers to be made simple, and easily visible. The table was set up by lining up the eleven different criteria in rows, and lining up the six different brands of dishwashers in columns. The score of 1-5 was then applied to the criteria of each dishwasher from the six brands. The sum of the scores from each column gives the appearance of a preferred brand shown in figure 2.


[bookmark: _Toc498976885]4.3 Figure 2


	Criteria Score
	
	
	
	
	
	

	Dishwasher
	Hotpoint
	Bosch
	Indesit
	Essentials
	Beko
	Miele

	Water use
	3
	1
	3
	3
	1
	3

	Energy
	4
	3
	4
	4
	3
	5

	Capacity
	4
	4
	5
	3
	4
	5

	Reputation
	1
	5
	5
	5
	1
	1

	Warranty
	1
	1
	5
	1
	1
	1

	Price
	3
	1
	2
	5
	4
	1

	Programmes
	5
	1
	5
	3
	3
	5

	Noise level
	3
	2
	4
	3
	3
	3

	Colour Choice
	3
	3
	1
	1
	1
	3

	Child lock
	2
	4
	2
	2
	1
	4

	Digital Display
	4
	2
	4
	4
	4
	4

	 
	 
	 
	 
	 
	 
	 

	Totals
	33
	27
	40
	34
	26
	35

	
	
	
	
	
	
	



The table seems to suggest that Indesit is the dishwasher most preferred to meet the objectives required by scoring 40, which is 6 higher than the next highest being the Essentials dishwasher, however this method alone is to crude and could be hiding flaws in the criteria scored. The application of weighting the importance of the given criteria may give a different result. The group continues with the analysis to fine tune the results.

[bookmark: _Toc498976886]4.4 Weighting the criteria
The groups chosen criteria is now given weighting. The weighting is done by giving importance to the criteria by allocating a percentage of importance to each of the criteria. Once the weighting has been allocated to the criteria, the score is then multiplied by the weighting of every criteria scored for each dishwasher. The sum of the new combined scores gives a more accurate picture, however the scores highlights possible unimportant criteria thus making an even more accurate calculation possible. The Essentials dishwasher was the suggested choice to make from the results of the analysis done by weighting the scores, figure 3 illustrates what was done.




[bookmark: _Toc498976887]4.5 Figure 3


	Weighted Score
	
	
	
	
	
	
	
	

	Dishwasher
	Hotpoint
	Bosch
	Indesit
	Essentials
	Beko
	Miele
	 
	Weighting

	Water use
	0.3
	0.1
	0.3
	0.3
	0.1
	0.3
	Water use
	10%

	Energy
	0.4
	0.3
	0.4
	0.4
	0.3
	0.5
	Energy
	10%

	Capacity
	0.4
	0.4
	0.5
	0.3
	0.4
	0.5
	Capacity
	10%

	Reputation
	0.1
	0.5
	0.5
	0.5
	0.1
	0.1
	Reputation
	10%

	Warranty
	0.05
	0.05
	0.25
	0.05
	0.05
	0.05
	Warranty
	5%

	Price
	0.9
	0.3
	0.6
	1.5
	1.2
	0.3
	Price
	30%

	Programmes
	0.25
	0.05
	0.25
	0.15
	0.15
	0.25
	Programmes
	5%

	Noise level
	0.15
	0.1
	0.2
	0.15
	0.15
	0.15
	Noise level
	5%

	Colour Choice
	0.15
	0.15
	0.05
	0.05
	0.05
	0.15
	Colour Choice
	5%

	Childlock
	0.1
	0.2
	0.1
	0.1
	0.05
	0.2
	Childlock
	5%

	Digital Display
	0.2
	0.1
	0.2
	0.2
	0.2
	0.2
	Digital Display
	5%

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Totals
	3
	2.25
	3.35
	3.7
	2.75
	2.7
	 
	100%



The table above was used to input and sum the weighted scores. The totals highlight the Essentials dishwasher as the most preferable choice by giving a score of 3.7, with the next highest being the Indesit scoring 3.35. The Indesit dishwasher and the Essentials dishwasher have both scored either top or a close second between the first analysis and the second. The new weighted analysis changed the end result, however there are now criteria scored with small to no difference by how they scored in the table shown in figure 3. A sensitivity analysis may change the result or strengthen the current result.
[bookmark: _Toc498976888]4.6 Performing a sensitivity analysis
The weighted scores of the criteria in the table shown in figure 3, depicted four of the eleven criteria to be unimportant due to the fact there is little to no difference between them. The next step was to carry out a sensitivity analysis. A sensitivity analysis was done by removing the unimportant criteria and transferring the weighted percentage from the removed to the remaining criteria, however this is not always distributed evenly, there may be some criteria more crucial than others with a greater percentage of the transferred weighting given to these. The sensitivity analysis carried out is shown in figure 4.




[bookmark: _Toc498976889]4.7 Figure 4


	Weighted Score
	
	
	
	
	
	
	

	Dishwasher
	Hotpoint
	Bosch
	Indesit
	Essentials
	Beko
	Miele
	 

	Water use
	0.3
	0.1
	0.3
	0.3
	0.1
	0.3
	 

	Capacity
	0.8
	0.8
	1
	0.6
	0.8
	1
	 

	Price
	1.5
	0.5
	1
	2.5
	2
	0.5
	 

	Programmes
	0.25
	0.05
	0.25
	0.15
	0.15
	0.25
	 

	Noise level
	0.15
	0.1
	0.2
	0.15
	0.15
	0.15
	 

	Colour Choice
	0.15
	0.15
	0.05
	0.05
	0.05
	0.15
	 

	Child lock
	0.1
	0.2
	0.1
	0.1
	0.05
	0.2
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Totals
	3.25
	1.9
	2.9
	3.85
	3.3
	2.55
	 

	 
	Weighting
	Hotpoint
	Bosch
	Indesit
	Essentials
	Beko
	Miele

	Water use
	10%
	3
	1
	3
	3
	1
	3

	Capacity
	20%
	4
	4
	5
	3
	4
	5

	Price
	50%
	3
	1
	2
	5
	4
	1

	Programmes
	5%
	5
	1
	5
	3
	3
	5

	Noise level
	5%
	3
	2
	4
	3
	3
	3

	Colour Choice
	5%
	3
	3
	1
	1
	1
	3

	Child lock
	5%
	2
	4
	2
	2
	1
	4

	 
	 
	 
	 
	 
	 
	 
	 

	Totals
	100%
	23
	16
	22
	20
	17
	24



The criteria removed for the sensitivity analysis were: Energy, Reputation, Warranty, and Digital display. Energy had a weighting of 10%, that was transferred to Price. Warranty had a weighting of 5%, that was transferred to Capacity. Reputation had a weighting of 10%, that was transferred to price. Digital display had a weighting of 5%, that was transferred to capacity. The new weighting was applied, resulting in the Essentials dishwasher having the highest score of 0.6 higher than the next highest, which is now the Hotpoint dishwasher. The criteria left are either deemed too important to drop or there is not enough of a significant difference to drop any more. In this case, after performing the MCDA, the Essentials dishwasher had the most preferred criteria to meet the groups objectives (London 2009). 
[bookmark: _Toc498976890]5.0 How a MCDA could be use by a logistics organisation to purchase a new vehicle
When logistics organisations would want to purchase a new vehicle, the stakeholders with influence would be made a part of the decision process, and anyone the decision would affect. A good example would be the senior fitter and transport manager. 
[bookmark: _Toc498976891]5.0.1 Purchasing an electric van
[bookmark: _GoBack]An example of the use of a MCDA, could be for choosing an electric van for short city runs to decide if it could be more sustainable and meet the needs of the company. The criteria could be grouped in categories such as; Performance, Engine, Battery, and price broken down into; Carrying capacity, max velocity Engine power, Engine torque, Battery charging time 100%, Battery charging time 80%, Battery capacity and Price in a maximum or minimum preferred direction. The MCDA can be done in conjunction with PROMETHEE II and fuzzy TOPSIS for both certain and uncertain data sets. (Sustainable reasearch 2017) 
(Jarosław W ˛ et al, 2017) . 
[bookmark: _Toc498976892]6.0 Conclusion part 1
This report explained what the principles of MCDA are; to conceptualise what the group done in the MCDA experiment. The simplification of complicated conflicting criteria in making an informed decision was aim and the result of the MCDA. The group followed the steps in each process to have a ranked score, then a weighed score, followed by a sensitivity analysis. Each process fine-tuned the preferred results. The result of the MCDA pointed towards the Essentials dishwasher as being the most preferred based on the criteria nominated.
[bookmark: _Toc498976893]6.1 Conclusion part 2
This report gave a brief example of when a MCDA would be utilised by logistics organisation. Logistics organisations was seen to use MCDA to analyse a new potential sustainable process to make a part of day to day operations. This report gave an example of a logistics organisation wanting to assess the possible decision of purchasing new electric powered vans to do short city runs by using a MCDA.

[bookmark: _Toc498976894]6.2 Abstract
This report looks at the principles of carrying out a multi-criteria decision analysis before explaining the groups experiment carried out in class to understand the process of carrying out a MCDA. The important criteria is selected and scored by rank and then weighted by importance, followed by a sensitivity analysis to fine-tune results and to test the relevance of the chosen criteria. The report gives examples of the use of MCDA to logistics organisations.
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