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1. Introduction
What is Multi-Criteria Decision Analysis (MCDA)? MCDA is a tool used to help businesses, or even individuals, decide on which direction to lean when it comes to making an important decision for the company, or personal lifestyle. Gov.uk describes MCDA as “both an approach and a set of techniques, with the goal of providing an overall ordering of options”. This technique can be used for a variety of things, whether it is a person choosing a car or a business designing a fleet.
	The earliest record of MCDA was created by Benjamin Franklyn, who had apparently had a simplistic paper system. “On one side, write the arguments in favor of a decision; on the other side, write the arguments against. Strike out arguments on each side of the paper that are relatively of equal importance. When all the arguments on one side are struck out, the side which has the remaining arguments is the side of the argument that should be supported” (Mcdmsociety.org, 2017). Apparently, Franklyn used this for all his decision making. However, the first published work was in 1955, by Charnes, cooper and Ferguson, who had written an article that “contained the essence of goal programming”, although the name “goal programming was not used until 1961, when Charnes and Cooper published it in a book (Mcdmsociety.org, 2017).
	In 1959, a paper was written on “Sequential decision processes” was written by Ron Howard and G.E. Kimball. It is believed “he used the term "decision analysis" for the first time during the mid-1960s” (Mcdmsociety.org, 2017).
This report is going to show how a group of students went through the steps of MCDA in order to help an individual decide on which dishwasher would be best suited to their specific wants and needs. Also shown, will be an example of how an airline could use MCDA to aid them with a decision on plane to purchase for their fleet.

2. Which Dishwasher?
On the 30th of October 2017, a group of students got together in deciding on which dishwasher, out of six, would be the best choice. Each student went online, in search of a dishwasher, ranging in different categories, and presented their findings to each other. The six dishwashers they compared were, Hotpoint, Bosch, Indesit, Essentials, Beko and Miele. After scoring each aspect of the dishwashers, such as capacity and energy usage (See figure.1) the Indesit looked to be the best option (See figure.2). 
	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
	 


	



	
	Figure.1 Criteria
	
	
	
	

	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

	Childlock
	2
	4
	2
	2
	1
	4

	Digital Display
	4
	2
	4
	4
	4
	4

	 
	 
	 
	 
	 
	 
	 

	Totals
	33
	27
	40
	34
	26
	35


Figure2. Criteria Scoring
2.1 Importance Weighting
However, that is before any criteria importance is included. Each criteria option is weighed in importance by percentage. The most crucial part of importance weighting, considering it is measured in percentages, is it always totals one hundred. Amongst each other, the students decided how important each option was to them as a group (See figure.3).
	 
	Weighting

	Water use
	10%

	Energy
	10%

	Capacity
	10%

	Reputation
	10%

	Warranty
	5%

	Price
	30%

	Programmes
	5%

	Noise level
	5%

	Colour Choice
	5%

	Childlock
	5%

	Digital Display
	5%

	 
	 

	 
	100%


     Figure.3 Importance Weighting
After deciding the importance weighting, the next step was to see how it affected the choice of dishwasher. The way this happens is by multiplying the criteria scores for each individual option by its appropriate weighting. For example, the weighted score on water usage for the Hotpoint would be, it’s criteria score, 3, multiplied by its importance weight, 10% (so 3 x 0.1) which gives it a weighted score of 0.3. After each option had been given its weighted score, the Essentials dishwasher shot up from the third best to the dishwasher of choice (see figure.4).
	Dishwasher
	Hotpoint
	Bosch
	Indesit
	Essentials
	Beko
	Miele

	Water use
	0.3
	0.1
	0.3
	0.3
	0.1
	0.3

	Energy
	0.4
	0.3
	0.4
	0.4
	0.3
	0.5

	Capacity
	0.4
	0.4
	0.5
	0.3
	0.4
	0.5

	Reputation
	0.1
	0.5
	0.5
	0.5
	0.1
	0.1

	Warranty
	0.05
	0.05
	0.25
	0.05
	0.05
	0.05

	Price
	0.9
	0.3
	0.6
	1.5
	1.2
	0.3

	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

	Childlock
	0.1
	0.2
	0.1
	0.1
	0.05
	0.2

	Digital Display
	0.2
	0.1
	0.2
	0.2
	0.2
	0.2

	 
	 
	 
	 
	 
	 
	 

	Totals
	3
	2.25
	3.35
	3.7
	2.75
	2.7


Figure.4 Weighted Scoring

2.2 Sensitivity Analysis
Although the above may be a final decider for some people may like to adjust it. This is what is called a sensitivity analysis. By performing a sensitivity analysis, the individual, or group, will remove criteria that they feel is not that important. By doing this they would then have to adjust the weighting, which in turn will change the overall weighted score. With this example there could be a variety of changes, based upon the individual’s importance of criteria. An example of how removing five criteria options, based on one person’s thoughts, can change the outcome of this decision.
 Firstly, the individual must decide which of the criteria are the least important to them (this may not equal the importance weighting of the groups findings). In this case, the individual decided to remove:

1. Child lock
2. Water usage
3. Programmes
4. Colour choice
5. Capacity.
How would these changes, if at all, affect the order of compatibility to the individual?
First of all, child lock, as the individual did not feel that it was a crucial factor in their lifestyle. After removing child lock from the equation, it removed 5% off the importance weighting. One thing the individual had to remember was to add that percentage drop onto either one criteria option or split it into a number of options. In this case, they increased the importance of price to 35%. Doing this only changed the results slightly, and that was by swapping the two bottom results over, Bosch and Miele. 
The second change, water usage, as the views of the individual was not many people use a water meter anymore.  This took 10% off the importance weighting. This 10% was split 2% each into, Energy, Reputation, Warranty, Noise Level, and Digital Display. Even though there were changes to the weighted scores themselves, there was no change in the order of scores keeping Essentials on top. The next option to be removed from the criteria, was programmes. After putting the programmes 5% onto Energy it was still Essentials that was staying on top.
After making these three changes and still having the same machine as the best option some people might decide to pick that brand. However, the individual for this analysis wanted to make certain that it was still the same scenario after each of the criteria, that they felt were unimportant to them, was removed. They moved on to remove colour choice, as to them the colour of the machine was not an important factor. After splitting the 5% between Warranty, 3%, and reputation, 2%, it was still found that the Essentials was the most compatible machine for them.
The final change for this analysis was capacity. The individual added the capacity’s 10% importance rating onto warranty, making it 20%, and once again the Essentials came out on top as the brand to get (See figures. 5,6).
	 
	Weighting

	Energy
	17%

	Reputation
	14%

	Warranty
	20%

	Price
	35%

	Noise level
	7%

	Digital Display
	7%

	 
	 

	 
	100%


Figure.5 Importance Weighting After Sensitivity Analysis

      

	Dishwasher
	Hotpoint
	Bosch
	Indesit
	Essentials
	Beko
	Miele

	Energy
	0.68
	0.51
	0.68
	0.68
	0.51
	0.85

	Reputation
	0.14
	0.7
	0.7
	0.7
	0.14
	0.14

	Warranty
	0.2
	0.2
	1
	0.2
	0.2
	0.2

	Price
	1.05
	0.35
	0.7
	1.75
	1.4
	0.35

	Noise level
	0.21
	0.14
	0.28
	0.21
	0.21
	0.21

	Digital Display
	0.28
	0.14
	0.28
	0.28
	0.28
	0.28

	 
	 
	 
	 
	 
	 
	 

	Totals
	2.56
	2.04
	3.64
	3.82
	2.74
	2.03


Figure.6 Weighted Score After Sensitivity Analysis

Even though in this case Sensitivity analysis did not change the top two results, the bottom four have been shuffled around slightly. However, sensitivity analysis does not always work this way. It can shuffle the entire table, making what was at the bottom end the best option for a business or individual.
3. How can MCDA be used in Logistics?
As shown MCDA can be used for an individual’s personal life choices. However, it can also be used in making choices in businesses. For example, a commercial airliner might look into what planes to purchase to add or replace to their fleet. The small example shown looks at three different aircraft, the Airbus A320, Boeing 737, and Bombardier CS100. It shows some criteria an airline manager might consider important and the importance level. Figures.7&8 show the criteria score for each plane evenly scored. 
	Criteria
	1
	2
	3

	Seats
	120
	150
	180

	Range (NM)
	3500
	4000
	4500

	Max Payload lbs (000)
	20
	30
	40


Figure.7 Criteria for Planes
	Criteria Score
	
	
	

	Plane
	Airbus A320
	Boeing 737
	Bombadier CS100

	Seats
	3
	3
	1

	Range (NM)
	1
	2
	3

	Max Payload lbs (000)
	2
	1
	2

	Total
	6
	6
	6


Figure.8 Criteria Score for Plane.
Seeing this result would not help an airline managers decision. In this scenario, an importance weighting would be necessary in order to give the results a chance to change. The following is an example of how the importance level of each criteria could be weighted (See figure.9), and how they changed the results of the criteria score (See figure.10).
	Weighting
	%

	Seats
	35%

	Range
	40%

	Payloads
	25%

	Total
	100%


	Figure.9 Importance Weighting
	Weighted Score
	
	
	

	Plane
	Airbus A320
	Boeing 737
	Bombadier CS100

	Seats
	1.05
	1.05
	0.35

	Range (NM)
	0.4
	0.8
	1.2

	Max Payloads lbs (000)
	0.5
	0.25
	0.5

	Total
	1.95
	2.1
	2.05


Figure.10 Weighted Score for Plane
As shown above, creating an importance weighting can change the results of an MCDA. As shown in figure.8, all three planes scored a six, meaning the decision on which plane to choose had not been made easier for the manager. However, as shown in figure.10, after applying the importance weighting, the Boeing 737 seems to be the best option. In a real scenario, a number of other criteria, including price, fuel capacity, and fuel usage, would also be taken into account, and could lead to an entirely different result.


4. Conclusion
MCDA can be an extremely effective source to aid businesses, and people, make decisions that could benefit either the company, or personal lifestyle. MCDA can be used for a variety of reasons, whether it is helping someone purchase their first car, or supporting a case for a luxury salesperson.
 As shown, even though a group of students had concluded that one dishwasher would be the most suited for their colleague, before and after applying an importance weighting. This could be argued that it is a very confident result as no matter how one individual changed the criteria, and in turn the importance weighting, the Essentials dishwasher was shown as the most effective.
However, in the small example shown for an airline, things were different. Even though all three planes achieved the exact same criteria score, after weighing the importance for each criteria option, the results had concluded that the Boeing 737 was the most effective plane for a company (dependent on use), although it was closely followed by both Airbus and Bombardier.
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