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[bookmark: _Toc29563157][bookmark: _Toc29564310]Abstract	Comment by oem: Reports have an Executive Summary but, that aside, good!
This report starts with explanation of multiple criteria decision analysis that includes a worked example from a real life situation in which most people who have made this decision have done a basic form or multiple criteria analysis. From here it moves into the more specialised field or motorsport including more examples based on how a governing body may use it compared to how a team may. 
The conclusion is that while there are some drawbacks, based more around the decision makers input, it is overall a reliable and time tested system for decision making.
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[bookmark: _Toc29564311]Introduction
This report is looking at multiple criteria decision analysis and how relevant it is in the motorsport industry. It includes some worked examples of multiple criteria analysis in general life decision and related directly to the motorsport.
Research material includes textbooks, journals and accredited online articles. 
	Comment by oem: How novel.   Not really required.
[bookmark: _Toc29563160][bookmark: _Toc29564312]Multi Criteria Decision Analysis 
Multiple Criteria Decision Analysis (MCDA), also known in some cases as Multiple Criteria Decision Making (MCDM) is a process used to decide on a particular product or service when there are several potential options available. When this is the case the decision maker will always try to the choose the best or most optimal solution to fit their needs. In most cases using Multiple Criteria Decision Analysis will result in a trade off of certain product features of decision criteria. The only this would not be applicable is when there is only one critical criteria to take into account. This is rarely the situation so the process of Multiple Criteria Decision Analysis is broadly split into three stages. The first stage is identifying the reason that the product, service or need is required and which of its features most accurately fill that or those needs. The second stage is deciding which of the features are the most important and rating them from critical to not needed. Once the features order of import importance has been decided on a scoring system will be allocated and the features scored accordingly, the higher the importance of the feature, the higher the score. The third stage is to calculate the final scores which should then result in the most suitable product or service coming out with the highest score. Using mathematics in this way during the decision making process can help remove some of the more subjective and intangible elements to the decision. (Pavan & Todeschini, 2009)	Comment by oem: ‘The only time this…’?	Comment by oem: Poorly phrased and missing a comma and a colon:   ‘…decided upon, a scoring system will be allocated and the features scored accordingly: the higher the importance of the feature, the higher the score.’   The last part (the higher the…) is a sentence in its own right and you are tacking it onto a previous sentence, hence the use of the colon.	Comment by oem: No comment upon the subjective nature of allocation of score to tangible and intangible elements?   Evaluate your sources don’t just regurgitate. 
People make decisions thousands of decisions a day, using a basic form of multiple criteria analysis. One example of a larger purchase that is done every day is that of buying a car. The consumer would have preferences on what features they want the car to have, four wheel drive over rear wheel, rear wheel drive over front wheel drive if four wheel drive not available. Other factors that could be taken into account when buying a car could be price, engine type and size, fuel type and location, if the vehicle is closer and travelling times are reduced for collection is favourable in most cases. While consumers usually do this based on a preferential analysis in most cases without allocating a point scoring system, it is the type of purchase that would benefit from using multiple criteria decision analysis. (Janse, 2018)	Comment by oem: Times?	Comment by oem: ‘…drive is not…’	Comment by oem: Poorly phrased and one too many coulds.
So taking the purchase of a car into account, once some cars have been decided to analyse, a scoring system is devised. For example, using a scoring system out of one hundred, if the cost of a car is lower than £10,000 it scores 100. Then the higher the price, the lower the score on a sliding scale. This approach is taken with the key attributes of the car and the potential sale. A multiple criteria decision analysis using scores out of one hundred could look like this: 	Comment by oem: Awkward, chosen for analysis or ‘decided to analyse…’    
	Choices
	Price
	Safety
	Performance 
	Maintenance Cost
	Fuel Consumption
	Total

	Car 1
	100
	100
	80
	100
	100
	480

	Car 2
	80
	50
	20
	60
	80
	290

	Car 3
	65
	80
	50
	35
	25
	255

	Car 4
	70
	60
	80
	100
	100
	410



Based on the above table and scoring system, Car 1 is the best choice, followed by Car 4, then Car 2 and finally Car 3. This table only shows how it would look if all of the attributes scored are of equal importance. This would be very unusual so a weighting system is added. Using a weighting system derived from percentage, so the five attributes are given a weighting out of one hundred. In this example the weighting for safety is ten percent and the weighting for performance is twenty five percent. Meaning that to the purchaser the car’s performance is far more important to them than the safety standard is. To use the weighting we multiply the attribute score by the weighting percentage, in this example that would produce some very high numbers, so to keep the numbers manageable, we use the decimal version of the percentage, so 25% becomes 0.25. So if the weighting is taken into the account the scoring is much more accurate to the purchasers needs and/or preferences for their potential new car. Once the weightings are added the new scores look like this:	Comment by oem: The weights are decided first and the total of these must add up to 100% or 1 depending upon how you choose to display them.
	Choices
	Price x0.2
	Safety  x0.1
	Performance x0.25
	Maintenance Cost x0.2
	Fuel Consumption x0.25
	Total

	Car 1
	100
	100
	80
	100
	100
	95

	Car 2
	80
	50
	20
	60
	80
	57

	Car 3
	65
	80
	50
	35
	25
	65

	Car 4
	70
	60
	80
	100
	100
	85

	Weight 
	20%
	10%
	25%
	20%
	25%
	



The new weights does on this occasion change the order slightly, Car 1, Car 4, Car 3, Car 2. This is a much accurate representation of the purchasers perceived importance of the attributes they need or desire. (Janse, 2018)
[bookmark: _Toc29563161][bookmark: _Toc29564313]Governing Bodies and Multiple Criteria Decision Analysis
Multiple criteria decision analysis isn’t limited to making purchases or monetary decisions. It can be used for a range of decision making applications. The key to determining if a multiple criteria decision analysis is the best way to assess the decision lies in the first stage of the process, identifying the need and what features or services are required to fill that need. If there are several features or services required to fill the needs then it is likely a multiple criteria decision analysis would be beneficial. (Department for Communities and Local Government, 2009)	Comment by oem: Conversational English.   	Comment by oem: ‘…decision-making…’	Comment by oem: Too many need(s)
It is the alternative uses that would be more applicable to most motorsport governing bodies or organisers and motorsport teams where there are a range of decisions to be made to be ahead of season. An example whereby a motorsport governing body would use a multiple criteria decision analysis could be deciding on a venue for a race or event. The process for choosing the venue and using the multiple criteria decision analysis would be very similar to that of choosing a product or service to purchase, but since this is not a purchase the criteria is likely to be vastly different. So if the criteria for selecting a venue for the coming season, or seasons were potential profit after running costs, circuit length and complexity, ease off access for spectators, media and commentary facilities and the quality pit lane facilities, the multiple criteria decision analysis would look something like this example, using a one – five point scoring system. One being low, five being high. 	Comment by oem: Try reading this sentence aloud.    	Comment by oem: ‘…ease of…’	Comment by oem: Really?	Comment by oem: ‘quality of pit…’

	
	Profit
	Circuit
	Access
	Media
	Pits
	Total

	Circuit 1
	1
	3
	5
	5
	3
	17

	Circuit 2
	3
	2
	5
	4
	5
	19

	Circuit 3
	1
	4
	3
	3
	5
	16

	Circuit 4
	5
	2
	4
	4
	3
	18



So in this example, before the weighting is added, Circuit 2 is the favourite followed by Circuit 4 then Circuit 1 and Circuit 3. If the weights are added as follows:
Profit: 20% = 0.20
Circuit: 25% = 0.25
Access: 15% = 0.15
Media: 15% = 0.15
Pits: 25% = 0.25
In this example, the governing body and/or race organisers want an event that the spectators will enjoy, so the importance is weighted towards the circuit design and complexity for exciting driving and overtaking while the pit lane facilities are deemed important for quick pit stops and the ability to have multiple tactics using pit stops to gain an advantage over other competitors, the second highest priority was profit. When adding the weighting, the table looks like this:
	
	Profit x .20
	Circuit x .25
	Access x .15
	Media x .15
	Pits x .25
	Total

	Circuit 1
	1
	3
	5
	5
	3
	3.24

	Circuit 2
	3
	2
	5
	4
	5
	3.71

	Circuit 3
	1
	4
	3
	3
	5
	3.35

	Circuit 4
	5
	2
	4
	4
	3
	3.45

	Weight
	20%
	25%
	15%
	15%
	20%
	



Again once the weighting is added it adjusts the order preference. Circuit 2 still comes out at the top of the list but the order further down is changed, with Circuits 1 and 3 switching places.

[bookmark: _Toc29563162][bookmark: _Toc29564314]Teams Using Multiple Criteria Decisions Analysis
Formula One team McLaren do not manufacture their own engines, they prefer to buy in pre made engine units from other manufacturers, currently using the Renault engine and changing over to the Mercedes engine in 2021.  Citing a return to success as the reason for the change to Mercedes, the two key factors in this decision are that the engine is more reliable than that of the Renault engine they are currently using and the cost of supply is lower than the current deal with Renault. (Benson, 2019)	Comment by oem: ‘…pre-made…’
For a team like this, before regulations governing how many engines could be used during a season reliability would not have been very high in their criteria. As long as the engine lasted long enough complete a race without breaking down that was good enough. The regulations now however, state that each team’s car is allowed three engines for the entire season, including all practice and qualifying events. This change in the regulations now means that reliability has to be one of the top considerations when performing their multiple criteria decision analysis to decide on which engine supplier they will use moving forward. (Formula 1, 2018)	Comment by oem: There is only ONE allowed?
So before the regulations surrounding the number of engines came into effect their multiple criteria decision analysis, using a one – five scale again, may have looked something like this:
	
	Power
 x .35
	Cost 
x .25
	Reliability
x .20
	Fuel Efficiency
x .20
	Total

	Engine 1
	5 = 1.75
	2 = 0.5
	2 = 0.4
	3 = 0.6
	12 = 3.25

	Engine 2
	3 = 1.05
	2 = 0.5
	5 = 1
	3 = 0.6
	14 = 3.15

	Engine 3
	2 = 0.7
	4 = 1
	3 = .6
	4 = .8
	14 = 3.1

	Engine 4
	4 = 1.4
	3 = 0.75
	4 = 0.8
	2 = 0.4
	13 = 3.35

	Weight
	35%
	25%
	20%
	20%
	



In this example, the two engines with the highest power output are the two clear favourites. If the weighting is changed to reflect the updated regulations that stipulate engines have to be more reliable, this is how it would look:
	
	Power
 x .25
	Cost 
x .20
	Reliability
x .35
	Fuel Efficiency
x .20
	Total

	Engine 1
	5 = 1.25
	2 = 0.4
	2 = 0.70
	3 = 0.6
	12 = 2.95

	Engine 2
	3 = 0.75
	2 = 0.4
	5 = 1.75
	3 = 0.6
	14 = 3.5

	Engine 3
	2 = 0.5
	4 = 0.8
	3 = 1.05
	4 = 0.8
	14 = 3.15

	Engine 4
	4 = 1
	3 = 0.6
	4 = 1.4
	2 = 0.4
	13 = 3.4

	Weight
	25%
	20%
	35%
	20%
	



So just by changing the importance weights, it has completely changed the out come for all engines, now engines two and four are the clear favourites. 	Comment by oem: Outcome is one word.

[bookmark: _Toc29563163][bookmark: _Toc29564315]Conclusion
Multiple criteria decision analysis is a widely used method of comparing a range of options when making a decision in a number of fields. That the criteria and weighting systems are defined by the decision maker means that the system should always give the best result based on their desired criteria. The main drawback to using multiple criteria decision analysis is simply that it relies on the decision makers input to pick the weighting and importance of features or services, making it subjective. What one decision maker may benefit from in a particular set of circumstances, another may not.
Overall, the advantages outweigh the disadvantages and it is a time tested and reliable method of decision making.
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There must be hundreds of articles written about the use of, and how to use, MCDA; four is not a strong showing and only two of the four address MCDA.     This work appears rushed as evidenced by the slap-dash sentence phrasing.    More importantly however your analysis examples are weak and incomplete.    A further viewing of the video I placed in Moodle will highlight your limited approach to the analysis which, though I have graded it at 57%, should easily been 100%.
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