Multi-Criteria Decision Analysis (MCDA)

1. Introduction

Nowadays consumers are faced with multiple options when intending to buy a product or a service. This process can be confusing and finding the optimal alternative without a methodical approach might not be as coherent for the buyer. 
Very rarely, one single criterion will be addressed to choose the optimal solution, but in real life situations the criteria are very vast and almost every solution requires some conflicts. 
The Multi-Criteria Decision Analysis (MCDA) refers to a large category of methods used to find the optimal alternative from all the feasible alternatives based on a set of decision criteria, usually conflicting, with user assigned weights that represent the relative importance of each criterion of the decision maker  (Humphries Choptiany & Pelot, 2014); (Ihsan & Kahraman, 2014).
Originally, Multi-Criteria Decision Analysis was developed and utilized in the operation research field (Fazil, et al., 2008) but today, according to Wątróbski (2016), MCDA is used and applied in diverse fields such as logistics, economics, production, management etc. The selection of an adeqvate MCDA method for a given decision making situation might rise certain problems (Wątróbski, 2016).
According to Pavan & Todeschini (2009) the aim of MCDA is to help the decision makers integrate all the information, so they have a support and feel confident about making the decision, as the method itself can not make the final decisions. 
An important aspect of MCDA is representing stakeholder preference structures, but it does not mean that al the groups have to be part directly of the decision-making process (Fazil, et al., 2008).
2. Example of Multi-Criteria Decision Analysis Method

Sims Bakery, a family owned business, located in Cardiff, UK, prepares, bakes and sells customizable bakery products and cakes to customers for multiple events. The owner decided to invest in a new stand mixer to facilitate the preparation process.  Following a market research on Amazon.co.uk, Currys.co.uk and Nisbets.co.uk the owner decided on a number of 5 new stand mixers that fit his requirements: Kenwood kMix KMX 760.GD Kitchen Machine; Kenwood Chef KVC3100 Stand Mixer; KitchenAid Classic Stand Mixer 5K45SS; KitchenAid 5KSM175PS Artisan Stand Mixer and Ankarsrum Original 6230, all priced between £205 and £650. The Multi-criteria Decision-Making Analysis methodology was used by the owner to help him choose the optimal solution according to his preferences. Table 1 to Table 5 presents the criteria values for each stand mixer.




Table 1. Mixer 1 – Kenwood kMix KMX 760.GD Kitchen Machine 
	Price
	£269

	Multifunctional 
	Knead/Whip/ Beat

	Capacity 
	5L

	Warranty
	5 years

	Speed levels 
	6 

	Additional attachments
	10



Table 2. Mixer 2 - Kenwood Chef KVC3100 Stand Mixer
	[bookmark: _Hlk29464362]Price
	£208.35

	Multifunctional 
	Knead/ Whip/ Beat

	Capacity 
	4.6L

	Warranty
	2 years

	Speed levels 
	6

	Additional attachments
	25



Table 3. Mixer 3 - KitchenAid Classic Stand Mixer 5K45SS
	Price
	£399

	Multifunctional 
	Knead/ Whip/ Beat

	Capacity 
	4.3L

	Warranty
	2 years 

	Speed levels 
	10

	Additional attachments
	19



Table 4. Mixer 4 - KitchenAid 5KSM175PS Artisan Stand Mixer 
	Price
	£499

	Multifunctional 
	Knead/ Whip/ Beat

	Capacity 
	4.8L

	Warranty
	5 years

	Speed levels 
	10

	Additional attachments
	20



[bookmark: _Hlk29476890]Table 5. Mixer 5 - Ankarsrum Original 6230 
	Price
	£649

	Multifunctional 
	Knead/ Whip/ Beat

	Capacity 
	7L

	Warranty
	7 years

	Speed levels 
	12

	Additional attachments
	16



Out of 100%, the importance weighting was allocated for criteria: price, multifunctional, capacity, warranty, speed levels and additional attachments. The importance weighting distribution is presented in Table 6.
Table 6. Importance Weighting
	Criteria
	Importance

	Price
	25%

	Multifunctional
	20%

	Capacity
	15%

	Warranty
	15%

	Speed levels
	10%

	Additional attachments 
	15%

	
	

	Total
	100%



The criteria scores in Table 7, from -5 the lowest value to 5 the greatest value, was randomly assigned. The values for each score from each criterion were determinate by the owner according to his preferences. 
Table 7. Criteria Scores
	[bookmark: OLE_LINK1] 
	5
	3
	-1
	-2
	-5

	Price
	<£300
	£301-400
	£401-600
	£601-800
	>£800

	Multifunctional
	Knead/Whip/Beat
	
	
	
	

	Capacity
	5-7L
	4-4.9L
	3.5 – 3.9L
	2.9 – 3.4L
	<=2.8L

	Warranty 
	>=5
	4
	3
	2
	<=1

	Speed levels
	>=10
	7-9
	 5-6
	4
	<=3

	Additional attachments
	>15
	11-15
	5-10
	3-4
	<=2



Table 8. What mixer based on Criteria Scores
	
	Mixer 1
	Mixer 2
	Mixer 3
	Mixer 4
	Mixer 5

	Price
	5
	5
	3
	-1
	-2

	Multifunctional
	5
	5
	5
	5
	5

	Capacity
	5
	3
	3
	3
	5

	Warranty
	5
	-2
	-2
	5
	5

	Speed levels
	-1
	-1
	5
	5
	5

	Additional attachments
	-1
	-1
	5
	5
	5

	
	
	
	
	
	

	Total
	18
	9
	19
	22
	23



The decision analysis based on the multiple criteria scores alone in Table 8 shows that Mixer 5 - Ankarsrum Original 6230 comes as the first choice.
When including the importance weighting in Table 9, by multiplying it with the criteria scores, it is observed that Mixer 1 - Kenwood kMix KMX760.GD Kitchen Machine comes on top.


Table 9. What mixer based on Importance Weighting x Criteria Scores 
	 
	Mixer 1
	Mixer 2
	Mixer 3
	Mixer 4
	Mixer 5

	Price
	1.25
	1.25
	0.75
	-0.25
	-0.5

	Multifunctional
	1
	1
	1
	1
	1

	Capacity
	0.75
	0.45
	0.45
	0.45
	0.75

	Warranty
	0.75
	-0.3
	-0.3
	0.75
	0.75

	Speed levels
	-0.1
	-0.1
	0.5
	0.5
	0.5

	Additional attachments
	-0.15
	-0.15
	0.75
	0.75
	0.75

	 
	
	
	
	
	

	Total
	3.5
	2.15
	3.15
	3.2
	3.25



Sensitivity Analysis
It is observed that all the 5 stand mixers are multifunctional: knead, whip and beat the ingredients. Excluding this criterion, the importance weighting (20%) must be assigned to the other criteria. Therefore, price gets another 5% and additional warranty gets 15%.
Table 10. Importance weighting after ‘Multifunctional’ criterion is excluded  
	Criteria
	Importance

	Price
	30%

	Multifunctional
	0%

	Capacity
	15%

	Warranty
	30%

	Speed levels
	10%

	Additional attachments 
	15%

	
	

	Total
	100%



Table 11. What mixer based on Importance Weighting x Criteria Scores 
	 
	Mixer 1
	Mixer 2
	Mixer 3
	Mixer 4
	Mixer 5

	Price
	1.5
	1.5
	0.9
	-0.3
	-0.6

	Multifunctional
	0
	0
	0
	0
	0

	Capacity
	0.75
	0.45
	0.45
	0.45
	0.75

	Warranty
	1.5
	-0.6
	-0.6
	1.5
	1.5

	Speed levels
	-0.1
	-0.1
	0.5
	0.5
	0.5

	Additional attachments
	-0.15
	-0.15
	0.75
	0.75
	0.75

	 
	
	
	
	
	

	Total
	3.5
	1.1
	2
	2.9
	2.9



[bookmark: _GoBack]It can be noticed that based on criteria scores alone Mixer 5 - Ankarsrum Original 6230 comes on top but when the importance weighting is included Mixer 1 - Kenwood kMix KMX 760.GD Kitchen Machine comes on top, same as when multifunctionality criterion is excluded. To check how sensitive is this result and if changes will make a difference on choosing the optimal mixer, the owner decides to exclude capacity and speed levels criteria, both with minor importance to him. Therefore, more importance weighting is added to price – 10% and 15% to additional attachments. 
Table 12. Importance Weighting after ‘Capacity’ and ‘Speed levels’ criteria are excluded 
	Criteria
	Importance

	Price
	40%

	Multifunctional
	0%

	Capacity
	0%

	Warranty
	30%

	Speed levels
	0

	Additional attachments 
	30%

	
	

	Total
	100%



Table 13. Which stand mixer based on Importance Weighting x Criteria 
	
	Mixer 1
	Mixer 2
	Mixer 3
	Mixer 4
	Mixer 5

	Price
	2
	2
	1.2
	-0.4
	-0.8

	Multifunctional
	0
	0
	0
	0
	0

	Capacity
	0
	0
	0
	0
	0

	Warranty
	1.5
	-0.6
	-0.6
	1.5
	1.5

	Speed levels
	0
	0
	0
	0
	0

	Additional attachments
	-0.3
	-0.3
	1.5
	1.5
	1.5

	
	
	
	
	
	

	Total
	3.2
	1.1
	3.1
	2.9
	2.2



Following the sensitivity analysis with only 3 criteria left: price, warranty and additional attachments it is confirmed that Mixer 1 - Kenwood kMix KMX 760.GD Kitchen Machine is the optimal stand mixer solution for the Sims Bakery. 
In this example, the MCDA methodology was used to choose the optimal solution between 5 stand mixers alternatives where each alternative was evaluated against 6 criteria: price, multifunctionality, capacity, warranty speed levels and additional attachments, according to the concerns of the decision maker – the bakery owner. 
Macharis & Bernardini (2015) states that altough multiple MCDA techniques exist, there is no comparation between them, because the analysis of each method depends on the specific decision situation and all methodologies whithin MCDA ‘… share similar steps of organization and decision matrix construction, but each methodology shynthesizes information differently’ (Macharis and Bernadini, 2015, p. 177). 

3. Conclusion
Almost every complex decision taken by consumers requires to consider several criteria. The Multi-Criteria Decision Analysis (MCDA) refers to various methods used to help the decision makers in taking the best decision. Altough a large number of stakeholders are involved sometimes in the decision making process and MCDA represents the structures of the stakeholders preferences, it does not mean that all groups must be part of the decision making process.
In the Sims Bakery example the MCDA methdology was applied to determine the optimal decision for a stand mixer. The problem was properly structurated and the multiple criteria was evaluated according to the decision maker preferences. 
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