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1.1 Introduction

Multi criteria decision analysis is best defined by the University of Portsmouth’s Centre of operational research and logistics. The website explains that Multi Criteria Decision Analysis is “the scientific process of aiding decision makers when their decisions involve multiple, conflicting criteria by which the goodness of a solution can be measured. There are a variety of techniques and methodologies within the field of MCDA/M dependent on the nature of the decision problem and the level of interaction with the decision maker that is possible.” (Center for opperational research and logisitcs, 2018)

Multi criteria decision analysis is a tool that is not only used within the motorsport and business industries but is used frequently in everyday life. Multi criteria decision analysis (which is often abbreviated to MCDA) takes a problem with multiple elements and breaks the decision down into smaller segments. This allows the decision maker to choose the best scenario out of the potential options available. This paper will be assessing about the strengths and weaknesses of using the Multi Criteria Decision methodology, along with an example of how it can be used within a motorsport capacity, specifically, how changing different aspects importance weightings can affect the overall result. 

This Paper will also address what a stakeholder is and how they play a key role when assessing the data gathered. Stakeholders can often sway the decision makers scoring, potentially resulting in an anomalous final result from the data
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Best described by the chartered management institute “A stakeholder is any group or individual with an interest or a stake in the operations of a company or organisation - anyone who can affect or be affected by its activities.” (Chartered Management Institute, 2011)
Stake holders play a key role whilst conducting a multi criteria decision analysis. With regards to MCDA, anybody who is directly associated or effected by the decision makers choice, could potentially increase the likelihood of a bias or swayed result.
Some examples of a stakeholder within a motorsport-based MCDA assessment could be competitors, organisers, sponsors, family members or spectators. All of these stakeholders could cause a biased answer when assessing options, therefore great care must be taken to alleviate potential conflict of interest when conducting a MCDA assessment.
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[bookmark: _Toc5284845][bookmark: _Toc5285062][bookmark: _Toc5285103][bookmark: _Toc5294305][bookmark: _Toc5294390]With the introduction of more computer-based programs such as excel or V.I.S.A (Virtual instrument software architecture), Multi criteria decision analysis can now be completed at a much faster rate than ever before. Computer based software allows for a cleaner and more structured layout to conduct the assessment.

Multi Criteria decision analysis helps the decision maker to synthesise large quantities of information and assess the data to alleviate the potential for anomaly or data gaps.

Multi criteria decision analysis is a recognised organisational decision making tool that is used for a wide range of industries at all levels, this could include the medical, automotive and logistics industries.

Multi criteria decision analysis supports Value based planning strategies. This means that MCDA can be implemented whilst also making sure that decisions chosen correlate and work alongside previous plans that have to be implemented. A prime example of this could be choosing a new premises location whilst also considering the companies previously implemented environmental strategy. 
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As multi criteria decision analysis is in theory a best-case scenario generator, there will always be some sort of human generated bias introduced. All information that is imputed by the decision maker is all relative and already has a had a certain element of thought before being introduced, for example, in multi-criteria decision analysis, the decision maker decides what the importance weightings and criterion score, this in itself prejudices the use of MCDA.

As previously discussed, stakeholders can greatly affect the decision makers ability to conduct Multi criteria decision analysis without introducing the risk of a swayed or bias result. 
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[bookmark: _GoBack]Multi criteria Decision analysis is often used within the motorsport industry. Some examples where MCDA can be used within a motorsport-based context could be anything from deciding what parts to use on a vehicle to what driver is best for a racing team. This segment of the paper will provide an example of MCDA. This scenario is based on a rookie driver that wants to compete in their first season of racing. 

Young or rookie drivers will not often go into a high tear championship without any previous track experience. There are vast amounts of championships and racing disciplines available to new drivers. The racing styles used within this example are a circuit championship, an endurance championship, an Off-road rally championship and a rallycross series. All of these disciplines provide the driver with different experiences. Below shows Figure 1.1, 1.2, 1.3 and 1.4 which shows the difference in each vehicle in terms of engine specification, officiating boards in charge of the championship and the amount of events within this season.

(Please note all information gathered is not accurate and has been taken from various official championship websites.)  

[image: Image result for bmw compact cup]Choice 1- BMW Racedays Compact Cup
Racing style: Track (Lapped race)
Officiating board: BRSCC
Championship Price; 
Estimated Season costs: £2,100
Estimated Car Price: £3000
Engine: BMW M44, 1900cc, 4-cylinder, 16 valves. 150bhp
Races in season: 7 events
Figure 1.1- (BMW Racedays Compact Cup, 2018)

Choice 2[image: Image result for c1 racing club]- Citroen C1 Cup 
Racing style: Endurance (Various hours including 24h race)
Officiating board: BARC
Championship Price; 
Estimated Season costs: £50 (C1 Cup Membership) BARC (£120) Priced Per Race (£640-£3500)
Estimated Car Price: £3500(£1000 available extras)
Engine: 1KR-FE, not exceeding 998cc Citroen/Toyota/ Peugeot engine. No modifications allowed.
Races in season: 10

Figure 1.2- (Prior, 2018)

[image: Image result for senior formula 1000 rally]Choice 3- F1000 Rally Championship senior	
Racing style: Rally staged
Officiating board: MSA
Championship Price; 
Estimated Season costs: £10 club membership, championship registration: £50. Events vary in price.
Estimated Car Price: Cars range from £3500 to £7000 (quality dependent) 
Engine: Restricted up to 1000cc (standardised engine)
Races in season: 10 events

Figure 1.3 (MCR Motorsport Media , 2015)


[image: Image result for swift rallycross series]Choice 4 -Swift Rallycross Championship
Racing style: Rallycross Tarmac and dirt.
Officiating board: BARC 	
Championship Price; 
Estimated Season Entry: £550 (varied prices for events)
Estimated Car Price: Around £10,000 for a complete build.
Engine: 1600cc 2006-2011 permitted.  Only approved upgrades available.
Races in season: 9 rounds 

[bookmark: _Toc5284848]Figure 1.4 (Swift Rallycross, 2016)
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All the data collected from 4 different championships has been compiled into an Excel spreadsheet and can be seen on the forthcoming page. This data takes into account all the different variables that have to be assessed when starting out in motorsport from a rookie perspective. In the given example, the user is middle aged with no competitive racing experience. With regards to expendable income, the decision maker is not concerned. There are 5 variables that are considered within this example these being; the championship in which the user is competing in, the racing discipline of the championship, the officiating or governing board of the championship, the championship prices (these being the estimated season entry costs and an estimated car price). In addition to these points, the engine of the vehicle is also considered along with the number of events in the season.
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	Championship Price;
	
	
	

	Championship
	discipline
	Officiating board
	Estimated Season Entry
	Estimated Car Price
	Engine
	Events in season

	BMW Racedays Compact Cup
	Track (Lapped race)
	BRSCC
	£2100 (excluding race costs)
	£3,000 
	BMW M44, 1900cc, 4-cylinder, 16 valves. 150bhp
	7 events

	Citroen C1 Cup 
	 Endurance 
	BARC
	£160 total cost (membership) (excluding race costs between £640-3500 per race)
	£3500(£1000 available extras)
	1KR-FE, not exceeding 998cc Citroen/Toyota/ Peugeot engine. No modifications allowed.
	10 events

	F1000 Rally Championship
	Rally staged
	MSA
	£60 in memberships (different events vary in price)
	£6000-£7000 (Cars for sale from £3500)
	Restricted up to 1000cc (standardised engine) (N/A Engine)
	10 events

	Swift Rallycross Championship
	Rallycross Tarmac and Dirt
	BARC
	£550 (excluding varied prices of events)
	£10,000 for a competitive built car
	1600 cc, 2006-2011 permitted cars, approved upgrades available. 
	9 Rounds 




After inserting the primary data into a excel spreadsheet, example importance ratings have been given. These importance ratings can be changed to best suit the needs of the user. the importance rating table below shows how each variable has been given a percentage of importance. This is normally changed to assess the differentiation in the results. The decision maker can then see what variables they need to consider changing to suit their needs and wants.

	Importance Weighting
	

	
	Importance rating in %

	Championship
	10%

	Discipline
	30%

	Officiating board
	5%

	Estimated Season Entry
	10%

	Estimated Car Price
	10%

	Engine
	5%

	Events in season
	10%

	
	

	
	100%
















	10%
	30%
	5%
	10%
	10%
	5%
	10%
	100%
	

	Championship
	Discipline  
	Officiating board
	Estimated Season Entry
	Estimated Car Price
	Engine
	Events in season
	
	

	BMW Racedays Compact Cup (4)
	Track (Lapped race) (4)
	BRSCC (1)
	£2100 (excluding race costs) (1)
	3000 (4)
	BMW M44, 1900cc, 4-cylinder, 16 valves. 150bhp (4)
	7 events (1)
	
	

	Citroen C1 Cup (2)
	 Endurance (1)
	BARC (2.5)
	£160 total cost (membership) (excluding race costs between £640-3500 per race) (2)
	£3500(£1000 available extras) (3)
	1KR-FE, not exceeding 998cc Citroen/Toyota/ Peugeot engine. No modifications allowed. (1)
	10 events (4)
	
	

	F1000 Rally Championship (1)
	Rally staged (2)
	MSA (4)
	£60 in memberships (different events vary in price) (3)
	£6000-£7000 (Cars for sale from £3500) (2)
	Restricted up to 1000cc (standardised engine) (N/A Engine) (2)
	10 events (3)
	
	

	Swift Rallycross Championship (3)
	Rallycross Tarmac and Dirt (3)
	BARC (2.5)
	£550 (excluding varied prices of events) (4)
	£10,000 for a competitive built car (1)
	1600 cc, 2006-2011 permitted cars, approved upgrades available. (3)
	9 Rounds (2)
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Each variable is then given a criterion score from 1-4 dependent on the user’s preferences (what they would prefer to do) 
The criteria scores given are clearer in the figure below. (this doesn’t have to be any specific numbers)

	Championship
	Discipline
	Officiating board
	Estimated Season Entry
	Estimated Car Price
	Engine
	Events in season
	
	Total

	4
	4
	1
	1
	4
	4
	1
	
	19

	2
	1
	2.5
	2
	3
	1
	4
	
	15.5

	1
	2
	4
	3
	2
	2
	3
	
	17

	3
	3
	2.5
	4
	1
	3
	2
	
	18.5




The importance ratings are then multiplied by the criteria score and provide total cumulative scores as shown in the total section of the table below.
	30%
	30%
	5%
	10%
	10%
	5%
	10%
	
	

	Championship
	Racing style 
	Officiating board
	Estimated Season Entry
	Estimated Car Price
	Engine
	Events in season
	
	Total

	1.2
	1.2
	0.05
	0.1
	0.4
	0.2
	0.1
	
	3.25

	0.6
	0.3
	0.125
	0.2
	0.3
	0.05
	0.4
	
	1.975

	0.3
	0.6
	0.2
	0.3
	0.2
	0.1
	0.3
	
	2

	0.9
	0.9
	0.125
	0.4
	0.1
	0.15
	0.2
	
	2.775



1.8 [bookmark: _Toc5284850][bookmark: _Toc5285067][bookmark: _Toc5285108][bookmark: _Toc5294310][bookmark: _Toc5294395]Sensitive analysis

From the data gathered there is a clear preeminent top score, this being 3.25. Sensitive analysis can be used to determine how much the final results change, depending on the variation of the criteria score and importance ratings. If for example, the importance rating has changed because the user had to contemplate decreasing championship and car costs, they would then have to allocate a higher percentage of importance to the estimated season and car costs the final results could be as followed.

	Championship
	Discipline
	Officiating board
	Estimated Season Entry
	Estimated Car Price
	Engine
	Events in season
	
	Total

	0.4
	0.4
	0.05
	0.3
	1.2
	0.2
	0.1
	
	2.65

	0.2
	0.1
	0.125
	0.6
	0.9
	0.05
	0.4
	
	2.375

	0.1
	0.2
	0.2
	0.9
	0.6
	0.1
	0.3
	
	2.4

	0.3
	0.3
	0.125
	1.2
	0.3
	0.15
	0.2
	
	2.575



Although the first championship was still the most optimum in terms of scoring, there is a key difference in other championships scores. Before the important rating changed, the difference between the most optimum and the second most optimum score was 0.475. After the importance rating had changed, the difference was reduced to 0.075, clearly showing that with change of the important rating came a severe change in results.
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This text has addressed some of the main points surrounding multi criteria decision analysis. Multi criteria decision analysis allows the decision maker to synthesise vast amounts of data with relative ease and with the implementation of computer software such as V.I.S.A or excel, the practice of MCDA itself is reasonably simple to conduct. 

Although there are many positives of using multi criteria decision analysis, there are also some drawbacks. An example of one of these drawbacks is how stake holders can increase the likelihood of a swayed or bias final result, sometimes completely sabotaging the whole point of the analysis task.

This paper has also provided an example of how MCDA can be used within a Motorsport based scenario. This scenario showed how a rookie driver assessed various different aspects of various championships and in-turn found a championship which would suit the rookie driver the best. This example also showed the different stages that are involved within multi criteria decision analysis assessments. The scenario addressed various different types of information including both qualitative and quantitative data and amalgamated this data into a numerical form of which can be put into a spreadsheet and further analysed. 
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