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a b s t r a c t 

The design of buildings, civil infrastructure and other complex systems in our built environment in- 

volves considering many, often conflicting, design criteria. Architecture, engineering and construction 

(AEC) project teams often use multi-criteria decision making (MCDM) methods to help them arrive at 

a preferred design solution. An emergent MCDM method in practice today is Choosing by Advantages 

(CBA) which has been successfully applied to many AEC projects. This method has several benefits over 

traditional MCDM methods (such as the weighted sum): CBA does not allow to hide a compensation of 

money for value, CBA helps differentiate between alternatives based on the decision context, CBA reduces 

time to reach consensus, and it manages better subjective trade-offs by basing decisions on importance of 

agreed advantages. CBA is usually applied between two to ten alternatives, and it has never been used for 

more than one hundred alternatives. Hence, this study contributes to knowledge by developing and test- 

ing a new method for applying CBA to hundreds or thousands of alternatives. The new method involves 

clustering alternatives into a few representative design alternatives based on feature similarity using the 

K-means method. Preferences between these representative design alternatives are then generalized us- 

ing linear regression. An experiment involving student subjects was conducted to measure the level of 

accuracy in which preferences can be generalized by the proposed method. The experiment considered 

1,0 0 0 different building design alternatives. CBA was applied on representative alternatives using three, 

six, eight, and ten clusters. The study measured errors, correlations, and consistency of the predictions for 

each cluster configuration. When eight clusters were used for creating representative alternatives, deci- 

sions were always consistent to those made with random alternatives, and correlation with the predicted 

preference was higher with lower error compared to other cluster configurations tested. 

© 2018 Published by Elsevier B.V. 

1. Introduction 

Contemporary buildings are complex systems that are evalu- 

ated based on multiple performance criteria including energy con- 

sumption, acoustical performance, thermal occupant comfort, in- 

door air quality, cost and many other issues [1] . These criteria are 

often competing, meaning the optimal design configuration under 

a particular performance criterion may result in sub-optimal per- 

formance with respect to other criteria [2] . For example, adding 

insulation with high R-value, photovoltaic panels, or environmen- 

tally friendly materials may lower operational energy and reduce 

ecological impacts while increasing capital costs. Identifying opti- 

mal design solutions is therefore a difficult task given the number 
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of possible alternatives and the complex interactions that exist be- 

tween many design variables (e.g., insulation type). 

Multi-criteria decision making (MCDM) methods are used to 

help individuals or project teams to choose the best alternative 

considering multiple factors. Traditionally, MCDM methods rely on 

the weighted sum method (e.g., Weighting, Rating and Calculat- 

ing) or assume linear tradeoffs among decision criteria [3,4] . These 

methods have been applied to various types of design decisions on 

architecture, engineering and construction (AEC) projects [5–8] . 

Choosing by advantages (CBA) [9] is a particular type of MCDM 

method that is based on differentiating the alternatives by sum- 

marizing their advantages and introducing the subjective part of 

the decision at the end of the process by weighing the importance 

of the advantages [10] . CBA presents several benefits compared to 

traditional MCDM methods. Arroyo [11] indicates that the decision 

making process of CBA is more transparent than the popular an- 

alytical hierarchy process (AHP) that uses pair-wise comparisons 
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Fig. 1. CBA steps (Arroyo 2014). 

between factors to find the best alternative [12] . In addition, CBA 

helps in building consensus between decision makers and present- 

ing alternatives in the context of the decision. Finally, CBA has 

shown to reduce group decision time and stakeholder frustration 

compared to the weighted sum method [13] . 

However, existing applications of CBA involve comparing a rel- 

atively small number of design alternatives. For example, Arroyo 

et al. [14] compared two alternatives for insulation material, four 

alternative ceiling tiles for commercial office interiors [15] , and 

three HVAC systems for a net-zero energy building [16] . Nguyen 

et al. [17] compared four construction methodology alternatives for 

a viscous damping wall and Karakhan et al. [18] compared three 

alternatives for fall prevention of workers from roof edges in the 

construction of buildings. 

This paper presents a new method for applying CBA to hun- 

dreds or thousands of design alternatives. Although conventional 

design processes typically do not generate large number of al- 

ternatives, multidisciplinary design optimization (MDO) methods 

have emerged in recent years that couple simulation with numer- 

ical methods to automatically generate and evaluate alternatives 

[19,20] . The application of these methods in the AEC industry has 

been shown to reduce the time and cost of the design process 

as well as to achieve significant improvements in building perfor- 

mance and cost compared to conventional design methods [21–23] . 

Past applications of MDO by AEC project teams have used the 

weighted sum MCDM method to make trade-offs between de- 

sign alternatives and arrive at a preferred solution. However, the 

weighted sum method assumes linear trade-offs between factors, 

which has shown to be inaccurate in cases where decision makers 

exhibit non-linear preferences, resulting in suboptimal outcomes 

[24] . Given that CBA is capable of more accurately representing 

preferences in such cases by better capturing subjective trade-offs, 

this paper proposes a method for applying CBA to assess hundreds 

or even thousands of alternatives, and experimentally tests the ac- 

curacy of this method. The specific objective of this research is to 

evaluate how different clustering configurations impact the pro- 

posed method in terms of: (1) the error in the estimation of pref- 

erences, (2) the correlation with the predicted preference, and (3) 

the consistency in terms of changes in the decision. 

2. Background 

2.1. Choosing by advantages 

CBA is a collaborative MCDM method developed by Suhr 

[9] that aims to achieve consensus among stakeholders regarding 

the preferred alternative when alternatives incorporate several fac- 

tors. This method is based solely on the relative advantages of al- 

ternatives and does not include disadvantages, as is common with 

other methods. Table 1 presents a glossary of terms relevant to the 

CBA method [9] . The steps in the CBA process are described in Fig. 

1 and discussed in more detail below: 

Step 1 : Identify the alternatives that are going to be considered 

in the decision process. For example, an alternative could be two 

different types of wall insulation that are being considered for ap- 

plication to a building project. 

Table 1 

CBA definitions. 

Term Definition 

Alternatives Options to be considered by the method. At least two 

alternatives are required for a decision to be necessary. 

Factor A property of an alternative that is material to the decision. 

Factors can be social (e.g., how well an alternative fosters 

collaboration) or environmental (e.g., the alternative’s carbon 

footprint). However, CBA does not include cost as a decision 

factor as this is included in the final step of the CBA method 

(see Fig. 1 ). 

Criterion ‘Want’ criterion defines a certain value or set of values that are 

preferred for a factor. ‘Must have’ criterion specify values 

that a factor must have for that alternative to be considered 

feasible. 

Attribute Quality or characteristic that belongs to one alternative. 

Advantage The difference between two alternatives when their attributes 

are compared. 

Step 2 : Define the factors that are going to be assessed. A factor 

must be an attribute of the alternatives under consideration. For 

example, when assessing two different types of building insulation, 

an example factor could be the building’s annual energy consump- 

tion with the given insulation installed. Cost is not included as a 

factor in CBA because it is treated as a restriction to the decision, 

and it is incorporated in the final step of the method. 

Step 3 : Define the criterion which provides the rules for judg- 

ing the factors. For the building energy consumption factor, a want 

criterion could be “lower energy consumption is better”. A must 

have criterion might be “energy consumption must be lower than 

required by the applicable building code”. 

Step 4 : Describe the attributes of the alternatives. Each alter- 

native has an attribute value that corresponds to each factor. At- 

tributes are inherent to an alternative and are immutable. For ex- 

ample, an attribute for building energy consumption could be 1500 

GJ per year. 

Step 5 : Decide the advantages of each alternative. This involves 

comparing the attributes of the alternative in question with the 

alternative with the least desirable attribute for that factor. For ex- 

ample, an advantage could be “alternative A results in 200 GJ less 

energy being consumed per year for building operation compared 

with alternative C, which has the worst performance of all the al- 

ternatives.”

Step 6 : The importance of the advantages (IoA) is decided. The 

IoA corresponds to a value that is given for each factor for each 

alternative. The sum of the IoA for all factors represents the total 

importance of that alternative to the decision maker. 

Step 7 : The cost versus the IoA is assessed. To complete this 

task, a graph is developed that includes the IoA in the Y-axis and 

cost in the X-axis. Stakeholders decide on a preferred alternative 

by considering the IoA decided previously and the financial budget 

available. 

Some researchers have argued that CBA is similar to weighted 

sum MCDM methods, also known as Weighting, Rating and Calcu- 

lating (WRC), in that the IoA serves to weight the importance of 

factors. However, a distinction is the IoA is a relative weight that 

is decided according to the differences between two attributes for 

a given factor whereas WRC and other traditional weighting meth- 
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