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Abstract 

Integrating building information to support decision-making has been a key challenge in the 

Architecture, Engineering, and Construction (AEC) industry. The synergy of Building 

Information Modelling (BIM) and Multi-Criteria Decision Making (MCDM) is expected to 

improve information integration and decision-making. The aim of this paper is to identify 

strategies to improve the synergy between MCDM and BIM. From the earliest literature (2009) 

to the present, this study examines 45 articles combining MCDM with BIM. We find that the 

five major application domains are sustainability, retrofit, supplier selection, safety, and 

constructability. Five established strategies for improving the synergy between MCDM and 

BIM were discussed and can be used as a benchmark for evaluating the application of decision 

techniques in practice. This study points out gaps of combining MCDM and BIM in the current 

literature. It also sheds new light into combining MCDM with BIM for practitioners, as to 

promote integrated decision-making. 
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1. Introduction 

The success of construction projects depends heavily on decision-making [48]. Decisions are 

judgments based on information, and poor-quality information inevitably results in poor 

decision-making [35]. As building technology progresses, the complexity of projects and the 

information that requires integration has also increased. Process fragmentation and traditional 

practices have hindered the integration of knowledge and information among stakeholders, and 

                                                           
1  Ph.D. Student, Corresponding Author, The Bartlett School of Construction & Project Management, University 

College London, London, UK, WC1E 6BT, e-mail: tan.tan.17@ucl.ac.uk; 
2 Associate Professor, The Bartlett School of Construction & Project Management, University College London, 

London, UK, WC1E 6BT, e-mail: g.mills@ucl.ac.uk  
3 Associate Professor, The Bartlett School of Construction & Project Management, University College London, 

London, UK, WC1E 6BT, e-mail: e.papadonikolaki@ucl.ac.uk 
4 Ph.D. Student, School of Management, University of Bath, Bath, UK, BA2 7BA, e-mail: zl2236@bath.ac.uk  

mailto:tan.tan.17@ucl.ac.uk
mailto:g.mills@ucl.ac.uk
mailto:e.papadonikolaki@ucl.ac.uk
mailto:zl2236@bath.ac.uk


so undermines design decisions [71]. Building Information Modelling (BIM), as an innovative 

digital technology, is expected to transform the traditional process of information management 

[33]. Namely, horizontal integration among various stakeholders and vertical integration of 

information at different stages becomes possible with the incentive of BIM [17], which provides 

opportunities for integrating the fragmented Architecture, Engineering, and Construction (AEC) 

industry. Both geometric and non-geometric data are included in BIM models [90]. BIM 

integrates data from different disciplines and can quickly and accurately extract information 

from components and assist in evaluation [54,92]. However, the question remains how to 

integrate and utilize building information to facilitate decision-making.  

Over the past decade, Multi-Criteria Decision Making (MCDM) has begun to demonstrate its 

capabilities to integrate technical information and multi-stakeholder value in BIM-based 

processes for decision-making. It compares and ranks decision-making schemes by integrating 

component – and often conflicting – indicators from all information sources into a single overall 

indicator [43]. Three main steps make up the MCDM: (1) define relevant alternatives and 

attributes; (2) link numerical measures to the relative importance of different attributes and to 

the impact of alternatives on these attributes and; (3) apply numerical measures to sort and rank 

different alternatives. There are numerous MCDM problems in the AEC industry [5,48,57]. 

The potential ability of MCDM in the AEC industry can be better stimulated through its synergy 

with BIM [23]. Vice versa, the implementation of BIM can also be promoted by MCDM which 

helps to overcome limitations of BIM related to optimizing multi-objectives while still 

exploiting its benefits [46].  

MCDM is expected to play significant role during the transformation of AEC industry into 

digitization. However, there is no literature review of combining MCDM with BIM for 

decision-making to leverage the potential from their synergy, and no strategies are given for 

review the application of combining MCDM and BIM. Based on the observed knowledge gaps, 

the primary concerns of this study are:  

• What application domains of the AEC industry use MCDM and BIM together? 

• What MCDM techniques are used in conjunction with BIM?  

• What strategies can be used for the improvement of the AEC industry by combining 

MCDM with BIM?  

This review relies on 45 published papers in the field of AEC industry. In addition to 

methodology section, the paper is structured in four sections. The first part classifies the 

application domains using MCDM and BIM together. The second part categorizes MCDM 

techniques utilized with BIM. The third part is a discussion about five strategies for the 

improvement of combining MCDM with BIM. The last part is about conclusions and outlook 



for future research. The review is limited to publications from scientific journals, book chapters 

and international conferences, and only cover English articles. The purpose of this article is not 

to describe all the applications of BIM and MCDM in detail, but to identify the strategies to 

improve the synergy between MCDM and BIM from the literature.  

 

2. Methodology 

Systematic literature review uses an explicit and reproducible method to test hypothesis, 

summarize the results of existing studies, and evaluating consistency among previous studies. 

In addition, it aims to answer a specific question as well as reduce bias in the selection and 

inclusion of potential reviewed papers in objectively [77]. As systematic literature review is 

more transparent than other traditional and unsystematic review methods, it is relatively easy 

for other researchers to verify and replicate the study. Therefore, as this study aims at untangling 

and structuring pre-existing knowledge, it adopted a systematic literature review approach to 

answer the three questions stated in the introduction. 

Large databases contain a large number of publications and convenient search mechanisms to 

implement complex logical expressions, and are therefore often used for systematic literature 

reviews. Two databases were used in this research, including Web of Science, Scopus Google 

Scholar, ProQuest, Springer Link, and ScienceDirect. As shown in Figure 1, the initial search 

included queries using a combination of MCDM-related keywords with “BIM”. The selection 

of MCDM-related keywords was based on previous MCDM-related review studies used in 

[51,89], includes: "MCDM", "multi-criteria decision-making", "MCDA", "multi-criteria 

decision analysis", "Weighted sum methods", "Weighted product methods", "AHP", "Analytic 

hierarchy process", "TOPSIS", "VIKOR", "ANP", "Analytic network process", "DEA", "Data 

envelopment analysis", "Elimination and choice translating reality", "ELECTRE", "WASPAS", 

"Weighted aggregates sum product assessment". Articles published in journals, international 

conferences and book chapters were all considered. There was no restriction on the publication 

time in order to understand its overall development, but only English articles were considered.  

Two rules were then complied for filtering out target literature: (a) identify whether BIM 

mentioned in results of the first screenings is "Building Information Modelling", which is to 

exclude literature from the non-AEC industry; (b) combine BIM and MCDM to tackle the 

construction issues, rather than solely use either BIM or MCDM to promote the other. Based 

on the second criterion, most of the excluded articles are related to use MCDM to identify 

factors about promotion or adoption of BIM. For example, Migilinskas, et al. [67] analysed 

problems, consequences and solutions for BIM application by using MCDM, and Chen and Li 

[21] proposed a AHP-based framework for BIM application assessment. Articles with a 



research scope like these two papers were removed under the exclusion criteria (b). Each article 

found was checked for its title, abstract and keywords to determine its relevance and importance. 

45 papers were selected for further research. The earliest literature of combining MCDM with 

BIM was published in 2009, so the selected articles are from 2009-Aug 2020. Finally, the 

classifications were generated based on abstract, highlights and frequency of keyworks in 

articles. The authors then generated finding results in application domains (Section 3), MCDM 

methods (Section 4), and discussion (Section 5). 

 

Figure 1 Paper selection process in the systematic literature review 



As for the data analysis, thematic analysis was firstly used to classify application domains. The 

authors classified the application domains inductively according to their abstracts, keywords 

and introductions. Six phases of data analysis include: (1) reading abstracts, keywords and 

introductions of screened papers; (2) generating codes by using Mendeley and Excel; (3) 

Generating initial sub-themes and themes; (4) reviewing themes; and (5) defining and naming 

themes. Finally, 16 subdomains were identified, and then further categorized into five major 

domains. If the domain investigated by articles only appears once, it would be classified into 

“Other”. 

Secondly, all papers’ methodology parts were analysed by using the same thematic analysis 

method described above to classify MCDM techniques. Then, the author analysed the workflow 

to identify BIM functions and synergy approaches between MCDM and BIM. Totally, 41 out 

of 45 depict their framework in a workflow diagram. Thus, the author reviewed all workflow 

diagrams from 41 papers and methodology parts from 3 papers which does not have workflow 

diagrams. Finally, five corresponding strategies for the synergy between MCDM and BIM were 

generated and discussed to enhance three steps of MCDM, namely (1) define relevant 

alternatives and attributes; (2) link numerical measures to the relative importance of different 

attributes and to the impact of alternatives on these attributes and; (3) apply numerical measures 

to sort and rank different alternatives. 

3. Classification of application domains 

As shown in Table 1, five main application domains were identified, namely sustainability, 

retrofit, supplier selection chain, safety, and constructability. For each of the domains, several 

subdomains were further identified to narrow down this classification.  

Table 1 Categorization of reviewed papers by domains. 

Domains Subdomains Reference Total 

number 

Sustainability Sustainable building [1,23,24,37,45,46,62,64,70,97,98] 17 

Sustainable 

component selection 

[36,44,50,53,63,104] 

Retrofit Retrofit optioneering [14,101] 7 

Redevelopment 

assessment 

[74-76] 

Compliance checking 

of retrofit 

[11,12] 

Supplier Supplier selection [4,61,99,107] 4 



selection 

Safety Evacuation simulation [13,65] 6 

Building health 

evaluation 

[29] 

Fall protection 

planning 

[66] 

Safety prewarning 

mechanism 

[102] 

Fire risk assessment [106] 

Constructability Constructability 

assessment 

[31,41,42]  8 

Compliance checking [2,3,56] 

Design for 

manufacture and 

assembly 

[39] 

Value engineering [79] 

Other Cost [10] 3 

Construction network [40] 

Dispute [18] 

 

3.1 Sustainability 

Many reviewed papers (37.78%) concerned sustainability assessment both for building level 

and component level. Sustainability is considered as a MCDM problem [28,47]. For the 

component level, Marzouk and Abdelakder [63] tried to identify the most sustainable materials 

by evaluating the construction project overall emissions and primary energy. Jalaei, et al. [44], 

Khanzadi, et al. [53] and Fazeli, et al. [36] proposed methods for optimal sustainable component 

selection. Yu and Woo [104] proposed a model for building-envelope structural modification 

system to increase energy efficiency. Façade also has been enhanced by MCDM for “green” 

ability by Juszczyk and Zima [50]. For the building level, Wang [97] used BIM and MCDM 

for environment assessment of full life cycle. Chen and Pan [23] developed a model for low 

carbon building measures selection. Naji, et al. [70] tried to control building temperature and 

reduce the electricity demand. Mahmoud, et al. [62] developed a global sustainability rating 

tool for existing buildings. Jalilzadehazhari, et al. [46] applied MCDM and BIM to take account 

energy requirements of buildings while simultaneously improving indoor environment quality. 



It can be observed that the integration of BIM and MCDM has been profusely applied in 

sustainability-related issues in the AEC industry. 

 

3.2 Retrofit 

Integrating BIM and MCDM can strongly support the objective comparison of different 

solutions to help consider all aspects in the retrofit decision Cecconi, et al. [14]. In our review, 

retrofit also occupies a certain share (15.56%). Pavlovskis, et al. [76] developed a method to 

rank heritage building conversion alternatives. Carbonari, et al. [12] and Carbonari, et al. [11] 

proposed a method to evaluate the compliance of existing buildings with the latest standards. 

Cecconi, et al. [14] delivered a system of procedures and instruments that allows comparing 

different scenarios of restoration and retrofit of existing buildings applicable each time a 

relevant decision about the asset has to be made. Pavlovskis, et al. [74] and Pavlovskis, et al. 

[75] developed a method for abandoned former industrial buildings problems and buildings’ 

redevelopment possibilities. Woo and Menassa [101] proposed a framework that supports 

streamlined decision making for building retrofit projects. Hence, retrofit optioneering, 

redevelopment assessment, compliance checking of retrofit all have potential to utilize BIM 

and MCDM. 

 

3.3 Supplier selection 

Supplier selection is indeed a MCDM process which comprises diverse opinions, and is 

confronted by various alternatives for the final outcome [81]. In our review, four papers (8.89%) 

concerned about supplier selection. Mahamadu, et al. [61] proposed a computational framework 

capable of enhancing decision making during the selection process through a robust approach 

to the aggregation and comparison of SC firm’s BIM competence and readiness. Wang, et al. 

[99] integrating BIM and GIS to generate supplier selection framework for a resilient 

construction supply chain. Zhao, et al. [107] presented a BIM-based method by using to rank 

the importance of the assessment criteria and obtain the score of supplier alternatives for 

supporting supplier selection of a prefabrication project. Alireza, et al. [4] proposes a novel 

framework for sustainability assessment of construction material supply chain decisions by 

taking advantage of the information made available by customized BIM and a number of 

different databases required for assessment of life cycle impacts. MCDM is a method derived 

from operations research, and supply chain management is a frequently discussed topic in 

operations research. It is foreseeable that many related MCDM research in the supply chain 

may be applied to construction supply chain. It is also worth to notice that many of these 



methods rely on the information richness and transparent level of BIM. However, inevitable 

external risks and variations in construction supply chain increase the challenges to the methods’ 

reliability.  

 

3.4 Safety 

Some researchers integrated BIM and MCDM to solve safety-related problems in the AEC 

industry. In our reviewed papers, there are six studies (13.33%) related to safety. It also can be 

observed that these studies are all currently concentrated on the construction and operation 

stages. For construction stage, Ding, et al. [29] proposed an approach to evaluate the building 

health related to the safety and health of users. Castillo Osorio and Yoo [13] developed a 

method for calculation of the most feasible evacuation route inside buildings. For operation 

stage, Marzouk and Daour [65] established framework estimates the execution time, total cost, 

and evacuation time for construction projects, taking safety into consideration. Melzner, et al. 

[66] developed a structured and uniform system for choosing the most favourable fall protection 

system to prevent falling from slabs.  

 

3.5 Constructability 

Eight articles (17.78%) focus on how to make the building design more constructable during 

the design stage. Several studies try to integrate MCDM and BIM for automatic compliance 

checking for design schemes, as manually reviewing whether the design meets the rules and 

regulations that allow it to be built is very time-consuming and can easily lead to many errors 

and omissions [56]. Lee, et al. [56] proposed a method to provide recommending alternatives 

to designers after automatic rules checking. Al-Bukhari and Hegazy [2] and Albukhari and 

Hegazy [3] developed method for submittal review that evaluates all the material, equipment, 

and processes submitted by a contractor, for compliance with specifications, before being 

installed in a project. In addition, constructability assessment, Design for Manufacture and 

Assembly (DfMA), and value engineering are also mentioned in these reviewed papers. Hijazi, 

et al. [42] and Hijazi, et al. [41] established a method for constructability assessment. 

Gbadamosi, et al. [39] proposed a method to integrates the principles of DFMA and Lean 

Construction to develop a design assessment and optimization system to assist designers in the 

selection of alternative building design elements and materials in a building information model. 

Ranjbaran and Moselhi [79] developed an automated model for design professionals, owners 

and members of value engineering teams to evaluate and compare different design alternatives 



of project components using multi-attributed criteria as well as integrating that model with 

visualization capabilities to assist designers and stakeholders in making related decisions. 

 

3.6 Other application domains 

In addition to the above, some application domains with little attention are also reported 

(6.67%). Cao and Zheng [10] established a method for the cost decision of construction project 

and promote the application of BIM in cost management. Grilo, et al. [40] developed a model 

that captures the factors for the deployment of building BIM that are responsible for business 

interoperability in the context of collaborative business processes’ construction networks. 

Charehzehi, et al. [18] proposed an approach to control conflict causes before the occurrence 

of dispute. These directions show the broad application prospect of the synergy between 

MCDM and BIM, but more research and practices are still required to fill emerging theoretical 

and practical gaps. 

 

4. Classification of MCDM methods  

To tackle arduous decision-making problems in abovementioned application domains, various 

MCDM techniques have been developed by researchers. Table 2 is the description of MCDM 

techniques classified in this section. As shown in Table 3, the reviewed papers were categorised 

into individual and hybrid MCDM approaches based on whether the paper uses a single 

technique or a hybrid of multiple techniques. The following contents of this section reveal the 

essential definition and the primary application of identified MCDM techniques. 

Table 2 Description of MCDM techniques 

MCDM 

techniques 

Acronyms  Description Reference 

Analytic Hierarchy 

Process 

AHP A structured technique for 

organizing and 

analyzing complex decisions 

Saaty [87] 

Analytic Network 

Process 

ANP Generalization of the 

AHP method which enables 

the existence of 

interdependencies among 

criteria 

Saaty [84] 

Technique for order 

of preference by 

similarity to ideal 

solution 

TOPSIS A method of compensatory 

aggregation 

Yoon and Hwang 

[103] 

Multi-attribute 

utility theory 

MAUT Methodology employed to 

make decisions by comparing 

the utility values of a series of 

Edwards [34] 

https://en.wikipedia.org/wiki/MCDA


attributes in terms of risk and 

uncertainty 

Preference ranking 

organization 

method for 

enrichment of 

evaluations 

PROMETHEE Family of outranking methods 

based on the selection of a 

preference function for each 

criterion forming a MCDM 

problem 

Brans and Vincke 

[9] 

Weighted 

Aggregates Sum 

Product 

Assessment 

WASPAS A combination of weighted 

sum model (WSM) and 

weighted product model 

(WPM). 

Zavadskas, et al. 

[105] 

VlseKriterijumska 

Optimizacija I 

Kompromisno 

Resenje 

VIKOR A compromise approach of 

MCDM, determines the best 

alternative by ranking the 

closeness to the ideal 

solution. 

Opricovic [72] 

Elimination and 

Choice Translating 

Reality 

ELECTRE An outranking method of 

MCDM, sorts out the best 

alternative by comparing each 

pair of actions based on 

several outranking relations. 

Benayoun, et al. 

[8] 

Data Envelopment 

Analysis 

DEA A non-parametric linear 

programming method to 

measure the production 

frontiers by comparison with 

the best producer in the 

sample to derive compared 

efficiency. 

Charnes, et al. [19] 

 

Table 3 Proportion of MCDM techniques 

MCDM 

approac

h 

MCDM 

technique

s 

NO. of 

occurren

ces 

% of 

single/hy

brid 

% of 

total 

Reference 

Single AHP 20 95.24 44.4

4 

[1,10,13,29,31,37,39,41,42,45,46

,50,66,70,79,97,101,104,106,107

] 

ANP 1 4.76 2.22 [40] 

Hybrid AHP+TOP

SIS 

3 12.50 6.67 [4,56,65]  

AHP+MA

UT 

3 12.50 6.67 [2,3,18]  

Fuzzy+TO

PSIS 

3 12.50 6.67 [36,61,98]  

Fuzzy+PR

OMETHE

E 

2 8.33 4.44 [23,24] 

Other 13 54.17 28.8

9 

[11,12,14,44,53,62-64,74-

76,99,102]  

 

The authors classified the MCDM techniques by application domains (Figure 2), and 

application domains by MCDM methods (Figure 3). It can be observed that AHP-based models 

and TOPSIS-based models are widely applied in different application domains. All application 



domains adopted AHP as part of their approach. And TOPSIS is used in most application 

domains. As shown in Table 4, MCDM techniques further classified the MCDM techniques by 

method classification, data type and criteria structure. It can be observed pairwise comparison-

based methods are the most widely applied.  

 

Figure 2 Categorization of MCDM techniques by application domains 

 

 

Figure 3 Categorization of application domains by MCDM techniques 

 

Table 4 Classification of MCDM techniques 
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M

CD

M 

ap

pro

ach 

MCDM 

techniqu

es 

Method classification Data 

type 

Criteri

a 

struct

ure 

Reference 

C

ri

s

p 

F

uz

zy 

Sin

gle 

AHP Pairwise comparison-

based methods 
✓ 

 
Hierarc

hy 

[1,10,13,29,31,37,39,41,4

2,45,46,50,66,70,79,97,10

1,104,106,107] 

ANP Pairwise comparison-

based methods 
✓ 

 
networ

k 

[40] 

Hy

bri

d 

AHP+TO

PSIS 

Pairwise comparison-

based methods+ 

Distance-based methods 

✓ 
 

Hierarc

hy 

[4,56,65]  

AHP+M

AUT 

Pairwise comparison-

based methods+ 

Optimizing average 

✓ 
 

Hierarc

hy 

[2,3,18]  

Fuzzy+T

OPSIS 

Distance-based methods 
 

✓ Indepe

ndence 

[36,61,98]  

Fuzzy+P

ROMET

HEE 

Outranking methods 
 

✓ Indepe

ndence 

[23,24] 

AHP+De

lphi 

Pairwise comparison-

based methods 
✓ 

 
Hierarc

hy 

[14] 

AHP+GR

A 

Pairwise comparison-

based methods+ 

Distance-based methods 

 
✓ Hierarc

hy 

[99,102] 

AHP+Ba

yesian 

networks 

Pairwise comparison-

based methods 
✓ 

 
Hierarc

hy 

[11,12] 

WASPA

S-Rough 

Optimizing average 
 

✓ Indepe

ndence 

[76] 

WASPA

S-Grey 

Optimizing average 
 

✓ Indepe

ndence 

[74,75] 

Entropy+

TOPSIS 

Distance-based methods ✓ 
 

Indepe

ndence 

[44] 

 

4.1 Individual MCDM approach 

4.1.1 The Analytic Hierarchy Process (AHP) 

The AHP has a pivotal role in the metabolism of MCDM, and it was first established by Thomas 

L. Saaty in 1970s. By definition, the AHP is a decision-making tool that leveraging pairwise 

comparisons to derive the priority scales of complex criteria and constrains based on linear 

algebra [32,85,87]. Twenty (44.44%) articles we identified proposed AHP as an individual 

MCDM approach as a part of their solutions. Despite has multifaceted advantages such as 

simplicity and flexibility, the AHP can only take into account a limited number of criteria and 

alternatives. Whilst the AHP has relative strict requirement for the independence between 



criteria and the results of using the AHP are strongly contingent on pairwise comparisons [46], 

which pointed out the potential bias of this approach. 

4.1.2 The Analytic Network Process (ANP) 

The ANP, another individual MCDM approach, is the generalization of the AHP [86]. Both 

methods focus on decomposing complex multidimensional problems and finding trade-off 

solutions between different decision criteria by pairwise comparisons. Nevertheless, the ANP 

tackle the interdependence and feedback problem of elements and break the constraint of 

hierarchical structure in the AHP [88]. Instead, ANP structure the decision problem into a 

network. One article in reviewed paper proposed the ANP to improve the performance of 

business interoperability for BIM-based projects. Grilo, et al. [40] developed a BIQMM model 

to quantitatively analyse the business interoperability based on the ANP. The ANP was selected 

to manipulate the supermatrix developed by pairwise comparisons of 8 business interoperability 

parameters and comprehensively score the performance of different alternatives. 

 

4.2 Hybrid MCDM approach 

4.2.1 AHP+TOPSIS 

The Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) was proposed 

to prioritize the solutions and identify the best alternative based on its geometric distance from 

ideal solutions [103]. To be specific, the positive ideal solution (PIS) maximize the salutary 

elements and minimize the infaust elements. Inversely, the negative ideal solution (NIS) 

maximize the infaust elements and minimize the salutary elements, and the best alternative is 

the one nearest to the PIS while furthest from NIS [6]. Some research couple the AHP and the 

TOPSIS to rank the potential alternatives, as the AHP can systematically weight the decision 

criteria while the TOPSIS can list and detect alternatives according to the reality situation [73]. 

It has been observed that 3 papers integrate the AHP and TOPSIS in our review scale. No doubt 

that the combination of AHP-TOPSIS can assist decision maker to build a robust evaluation 

foundation. However, the existing of fuzzy information can make unignorable impact on the 

accuracy, which provide room for future improvement [56].  

4.2.2 AHP+MAUT 

The MAUT, also known as Multi Attribute Utility Theory, is a tool to represent the preference 

of decision maker by comparing the utility values of numerous attributes and criteria under 

conditions of uncertainty [34,96]. The utilization of MAUT can compensate the performance 



of each criterion and make the decision-making process more precise and transparent [27]. To 

integrate AHP and MAUT can alleviate the personal error of the algorithm [18].  

4.2.3 Fuzzy+TOPSIS 

MCDM in fuzzy environment was first introduced by Bellman and Zadeh [7]. The fuzzy set 

theory allows ambiguous qualitative or quantitative information converting into computable 

equivalents and helps decision makers to solve real life problems more accurate [69]. The 

combination of fuzzy and TOPSIS eliminate the defect of traditional TOPSIS that has difficult 

in making judgments only depending on crisp values [36].  

4.2.4 Fuzzy+PROMETHEE 

Rather than assuming the existence of an absolute best option, the Preference Ranking 

Organization METHod for Enrichment of Evaluations (PROMETHEE) regards that one 

alternative has dominance over another in some degree, and can contribute to the most suitable 

choice [9,52]. The PROMETHEE adopts preference functions to rank alternatives depending 

on their net flows, which allows the absence of complex criteria metrics [58]. The 

preponderance of fuzzy set theory in MCDM issues ensures the incorporation of the fuzzy and 

PROMETHEE. The coordinate of fuzzy-PROMETHEE can get the utmost out of the available 

information and make the impartial decision without plenty subjective data [16,25].  

4.2.5 Others 

There are also some other hybrid MCDM methods. For instance, the Delphi method is an 

interactive tool to solve MCDM problems through a structured group of experts [26]. 

Combining AHP and Delphi can obtain a consistent and reliable opinion from questionnaires 

adjusted with pairwise comparison and filled by experts [14]. Besides, the integration of AHP 

and Grey Relational Analysis (GRA) is also able to considerate the uncertainty, fuzziness and 

interrelationships during the process of weighting criteria and ranking alternatives [99]. 

Likewise, Weighted Aggregated Sum Product Assessment (WASPAS) method [105] often 

associate with grey attributes scores to make logical choice among alternatives in vague 

environment depending on the criteria matrix [75].  

Few studies have tried to integrate multi-objective optimisation (e.g. linear programming, 

genetic algorithm) into MCDM to create a hybrid tool. Pareto front generated from multi-

objective optimisation can be then processed by MCDM to sort the set according to user’s 

subjective preference information. For example, Marzouk and Abdelakder [63] proposed a 

hybrid fuzzy-optimization by applying non-dominated sorting genetic algorithm II (NSGA-II), 

then selected the most sustainable building material from a set of Pareto optimal solutions by 

TOPSIS. This hybrid integration avoids transforming MCDM into a single objective by using 



a priori set of weights. And posteriori gained from knowledge on the target problems from the 

specific optimization results can help achieve a true Pareto front more wisely. Future research 

can try to integrate and expand these methods’ application with BIM to solve AEC problems. 

 

5. Discussion 

As shown in Figure 4, there is a significant upward trend in the last decade in combining 

MCDM with BIM. To deepen and extend our understanding of the synergy between BIM and 

MCDM, our research systematically reviewed the academic literature and drawing upon 45 

papers, has suggested mainly five application domains, six MCDM techniques and three BIM 

functions. The five application domains summarizing our research findings are: sustainability, 

retrofit, supplier selection, safety, and constructability. The six most frequently occurring 

MCDM techniques includes AHP, ANP, AHP+TOPSIS, AHP+MAUT, Fuzzy+TOPSIS, and 

Fuzzy+RPOMETHEE. Three BIM functions are model database, processing tool, and 

information intermediary. The classifications were identified to illustrate the synergy 

approaches of the synergy between BIM and MCDM, as well as to contribute to the ongoing 

conversations in the literature. In this section, we carefully discuss what strategies can be learnt 

from the literature for the improvement of combining MCDM with BIM. Five strategies for 

successfully combining MCDM with BIM are: (1) setting reasonable multi-criteria for target 

problem; (2) fully exert BIM functions in MCDM process; (3) collaborating BIM and MCDM 

for the target problem; (4) identifying MCDM techniques and data collection methods based 

on the characteristics of building stages; (5) optimize the information richness of BIM to adapt 

to MCDM techniques. 

 

 

Figure 4 Categorization of reviewed papers by publication year (2009-Aug 2020) 
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5.1 Setting reasonable multi-criteria for target problem 

It can be observed that the synergy between MCDM and BIM has prospect in many AEC 

domains. Many new fields and concepts emerging in the reviewed papers may have different 

interpretations and definitions of these concepts in their practices or studies, such as 

sustainability [68], constructability [78], DfMA [38] and safety management [49]. In our 

reviewed papers, there are similar consensus and actions that these abstract concepts are defined 

by a set of indicators to deal with practical problems. Namely, these abstract and intangible 

concepts are specified through adequately defining a pluridisciplinary list of acceptable criteria 

and indicators, which is actually a pragmatism attitude to facilitate decision-making process. 

This also implies that concepts established by a set of indicators can use MCDM methods for 

decision-making. A tacit assumption is that the abstract concepts generated by human beings 

can be broken down, measured and tested. The research combining MCDM and BIM reports 

the presentation of MCDM models’ logic and comparison of simulation results.  

Future research can go beyond the scope of above five major application domains, and explore 

more potential domains and scenarios in the AEC industry. For example, emerging topics, such 

as blockchain, Internet of Things (IoT) and digital twin, all have a potential to provide a more 

enriched environment for the integration of MCDM and BIM. Future research can explore how 

to better obtain, store and process data through these emerging technologies to assist MCDM. 

In addition, new industrialized techniques, such as robotic arms and 3D printing, provide new 

scenarios for architectural design (e.g. design for additive manufacturing, product family design, 

generative design), off-site manufacturing (e.g. additive manufacturing, modularization, space 

technology in construction), on-site assembly (e.g. automated approaches in construction, 

human robot collaboration, powered exoskeleton), and cognitive facility management (e.g. 

sensor network, infrastructure inspection). These emerging technologies innovate the 

traditional construction process, which will provide new scenarios for MCDM. When defining 

a target problem in application domains, determining a set of reasonable multi-criteria is the 

first step in developing the corresponding MCDM techniques [94]. The establishment of multi-

criteria directly affects the quality of decision-making, which requires relevant researchers to 

carefully screen multi-criteria and repeatedly verify reliability from literature and empirical 

data. 

5.2 BIM functions in MCDM process 

Drawing upon the results, there are three major functions of BIM: 1) Model database, storing 

both geometric information and non-geometric information; 2) Processing tool, assisting collect, 

categorize, modify, and analysis data; 3) Information intermediary, assisting formats 



conversion and information exchange. Although, this was not a pre-defined objective of the 

study, three functions of BIM were emerging findings in the study. 

Firstly, a significant function of BIM mentioned in reviewed papers is to store information as a 

database [12,13,29,63,107]. A BIM-enabled MCDM process might include various data type, 

including stakeholders requirement data, standards and regulations data, expert knowledge data, 

users related data [37], and building related data, such as existing documentation, 

photogrammetry, and data from sensors. Some studies regard BIM as a central repository of 

information for decision-making [14], or as a key data supplement source to other central 

repository, such as MS Access [99]. 

Secondly, BIM’s role as an information processing tool has also been proposed by many 

reviewed papers, including collect [29], categorize [107], modify [1,29], update [3,29], and 

analysis information [3]. And BIM environment provides a hotbed for plug-in development, 

which further facilitate the above sub-functions [12,53,65]. For example, links can be built 

between BIM’ tool and MCDM analysis tool by designing plugs-in [44], which also facilitate 

extraction of information [10], and integration of decision-making parameters [36]. 

Thirdly, BIM can act as an information intermediary to assist formats conversion and 

information exchange. For example, Ahmad and Thaheem [1] expanded BIM capabilities by 

using Application Programming Interface (API) to integrate BIM with a MCDM model for 

smoother information exchange. The potential capabilities of this integration are also 

highlighted by Marzouk and Daour [65] for adding customized toolbars, functionality, and 

connectivity to external application. In general, expanding BIM functions into MCDM and fully 

exerting BIM functions in MCDM process are expected to enhance the combination and 

interaction of these two approaches. 

5.3 Synergy approaches between MCDM and BIM 

Many studies proposed their own framework of combining BIM and MCDM for their identified 

questions. 41 out of 45 depict their framework in a workflow diagram. Generally, there are two 

synergistic structures, namely linear structure and integrated structure. The former one is widely 

used, and more than half of our reviewed papers used this way. As shown in Figure 5, linear 

structure is a one-way workflow from BIM to MCDM. The input for BIM includes various 

building or project-related data. The input for MCDM includes proposed multi-criteria and 

attribute of multi-criteria. The former one usually identified through literature review. The latter 

is generated through interview, survey, brainstorm, or expert opinions. Then, the BIM data will 

be introduced into MCDM and generate evaluation results. 

 



 

Figure 5 Linear structure 

 

As shown in Figure 6, integrated structure has a two-way interaction. BIM firstly acts as a data 

foundation for MCDM processing, and then MCDM generates results which are exported back 

to the BIM platform [2,3], to present results [36], and store performance evaluation results for 

further use [14]. Compared with the linear structure, the synergy approach of the integrated 

structure is more conducive to fully realize the interaction between BIM and MCDM. However, 

in the currently screened literature, less than five articles apply the integrated structure and 

mainly utilize BIM as a database function at the end of the MCDM process to store the results. 

This level of integration may not really show its difference from linear structure. Therefore, it 

cannot be concluded in turn that the decision result of integrated structure must be superior to 

the linear structure. 

 

 

Figure 6 Integrated structure 

 

5.4 Corresponding MCDM techniques and BIM for different building stages 

In addition to the synergy approaches, the building stage also affects the synergy between BIM 

and MCDM due to the unevenness of BIM's semantic enrichment at different building stages. 

As shown in Figure 7, the synergy between BIM and MCDM application in operation phase is 

currently the least in number when compared with planning, design, and so on. Volk, et al. [95] 

and Carbonari, et al. [12] shared a possible reason is that there is a large amount of modelling 

effort required to convert information from Computer-Aided Design (CAD) or paper 

documents to BIM models, which usually forces managers to deal with a lot of uncertain or 

missing information. Wang, et al. [99] also pointed that some information cannot be extracted 



or calculated from BIM and instead have to be manually entered. It can be concluded that the 

difficulty of enriching BIM and the information richness of BIM are different at various 

building stages. And the in-depth synergy between MCDM and BIM is more likely to be 

achieved by using corresponding MCDM techniques and data collection methods for different 

building stages, which requires researchers to state carefully why the choice of method is 

suitable for the target problem. In addition, to enrich the application of MCDM in operation 

phase, further spectrum should be explored. For example, emergency situations is a trendy topic 

in facility management, such as safety evacuation simulations [83,108], rescue routing [20], 

critical asset location planning (e.g. fire hose [93], automated external defibrillator [55]). To 

enrich data in operation phase, Rojas, et al. [82] proposed alternative methods for capturing As-

Built data for existing facilities. Son, et al. [91] also studied how to access to reliable 3D as-

built data. In future research, MCDM can be extended to these application scenarios in 

operation stage by using enriched data so as to make up for the lack of research. 

 

 

Figure 7 Categorization of reviewed papers by project lifecycle phases 

5.5 Optimize the information richness of BIM to adapt to MCDM techniques 

Different application scenarios in different building stages lead to various demand for 

information and data. For example, Marzouk and Abdelakder [63] defines time in their MCDM 

by number of crews, productivity of each crew, and nature of crews. Others may have different 

definition. MCDM should identify the data sources for indicators accurately based on their 

application scenarios. In addition, data types also matter. Crisp data and fuzzy data are two 

common types can be collected. The former one in MCDM depends on the experts’ domain 

knowledge for the initial input, and differences in the source of that domain-knowledge might 

affect the final decision-making results. The latter in MCDM introduces fuzzy or grey theory 

to deal with subjectivity of human judgment and the insufficiency of information. With the 

development of artificial intelligence, data mining approaches are being introduced to collect 

objective information from real data to solve advanced decision-making problems such as 
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exporting behaviour or data-rules, identifying critical factors, and forecasting performance 

[59,60]. No matter collection from experts, survey or data mining from documents, the research 

should provide robust evidence to defend their choice of specific methods. 

Improvement strategies of BIM are needed in either low level or over level of information 

richness of BIM to facilitate MCDM. Our research identified two ways to achieve synergy 

between BIM and MCDM in a non-rich information situation. One is bridging BIM and 

building to enrich the information of BIM models [22], and the other is using advanced 

computing techniques under incomplete information environment [12]. For example, other data 

sources, such as GIS, various sensors, or qualitative data provided by project members, can be 

used as a supplement to enrich BIM. Some researchers have introduced 4D BIM [41] and 5D 

BIM [18] to incorporate additional dimensions of information. Some advanced computing 

techniques, such as Bayesian networks, can also be used to make up for the problem of 

imperfect BIM information [12]. The different degrees of BIM application maturity affect the 

semantic enrichment of BIM and thus the MCDM. In our review, some studies focus on ‘little 

BIM’, namely utilizing digital models as information management hubs or repositories 

[30,33,80,100], and its modelling ability [15]. The successful implementation of MCDM 

requires integrated information from multidiscipline experts, which goes beyond ‘little BIM’ 

to ‘BIG BIM’ involving interrelated functional, informational, technical and 

organizational/legal issues [95]. Therefore, MCDM and BIM can continuously strengthen each 

other's attributes and roles in the process of deep interaction, thus forming a positive synergy 

for decision-making. More precisely, high level richness of BIM provides a data foundation for 

MCDM, and appropriate MCDM techniques provides a way to interpret BIM data. 

 

6. Conclusion and future research 

6.1 Conclusion 

This paper reviewed 45 papers to examine previous studies about combining MCDM with BIM 

in the AEC industry. Selected publications involve the earliest literature (2009) of the searching 

result to the present (April 2020), distributing around a decade with dramatically increasing in 

recent two years. Five major application domains of combining MCDM with BIM were 

identified: sustainability, retrofit, supplier selection, safety and constructability. The review 

further found that the most widely used MCDM methods are AHP and TOPSIS. The major 

contributions of this research can be summarized threefold: (1) this article drew out and 

categorized the application domains and its common MCDM techniques combined with BIM; 

(2) this article identified three common BIM functions in synergy with MCDM, and two 



synergy approaches between BIM and MCDM; (3) this article identified five strategies used 

for the improvement of combining MCDM with BIM.  

In reviewed papers, it can be observed that researchers may have different interpretations and 

definitions of emerging concepts (e.g. sustainability, DfMA, constructability). This research 

identifies that the concepts of goals established by a set of indicators can combine MCDM and 

BIM for decision-making. Besides, the integration of MCDM and BIM is theoretically 

postulated as a robust approach for decision-making in various application domains. MCDM 

and BIM can continuously strengthen each other's attributes and roles in the process of deep 

interaction, thus forming a positive synergy for decision-making. This kind of in-depth 

interaction depends on the five strategies established by the article: (1) to define the goal of 

decision-making by a set of rationale indicators (multi-criteria); (2) to fully exert the function 

of BIM; (3) to specifically design the synergy approaches between BIM and MCDM for target 

problems; (4) to adopt corresponding MCDM techniques and data collection methods to adapt 

to the characteristics of different building stages; (5) to optimize the information richness of 

BIM to satisfy the requirements of applied MCDM techniques.  

Researchers combine MCDM techniques with BIM for its potential capabilities on model 

database, processing tool and information intermediary, as the rationality of decision-making 

is directly related to the quality of information collection and management. Improvement 

strategies for dealing with unsatisfied information richness of BIM includes bridging BIM and 

building to enrich the information of BIM models [22], and using advanced computing 

techniques under incomplete information environment [12]. Future research focusing on the 

application using MCDM and BIM can improve the reliability of the method based on the above 

aspects and approaches. 

6.2 Limitations and future research 

Limitations may result from the following three points. The first is the ambiguity of terms, that 

is, the keywords we searched may not cover all the terms used in other fields or sectors. 

Secondly, some articles may not involve our relevant search keywords in their titles, abstracts 

and keywords, but do use MCDM and BIM in the content. The third is that our search is limited 

to English articles. Despite the fact that the relevant literature has begun to emerge and grow in 

the last 10 years, it is undeniable that further research is needed (45 related studies distributed 

in 5 major domains) as the development of MCDM and BIM is still in its infancy stage. The 

following are needed to address the current research gap and expand insights: 

(1) Establishing multi-criteria from subjective and objective empirical sources is the first step 

in applying MCDM. Both qualitative / intuitive data [43] (such as interviews, 

questionnaires, or brainstorming) and quantitative data (e.g. data mining) should be used.   



(2) Expand BIM in the synergy between BIM and MCDM. BIM typically functions by way of 

a database, or modelling tool, but the when applied with MCDM, data from BIM is often 

inputted, which does not fully utilize the capabilities of BIM. Future studies need to 

integrate MCDM and BIM in a common data environment. 

(3) Synergy will be created through the in-depth interaction and integration of structures that 

is not simply linear. Future research on the mechanism and approaches to create 

interoperability and form synergy in decision-making are needed. 

(4) Most studies of MCDM and BIM focus on the design stage. However, there is a need for 

broader application across the construction, operation, maintenance and refurbishment 

stages. The synergy between MCDM and BIM is expected to assist buildings in these mid-

to-late stages to achieve rationalization and intelligent decision-making. However, there 

are difficulties in obtaining the latest / real-time data. Future research is needed to integrate 

MCDM with real-time BIM in the mid-to-late building stages. 

(5) How to deal with data overload and breadth, through incremental data integration with BIM 

and other information sources. Integration of other data sources such as GIS, IoT, etc. need 

to be considered to achieve reliable MCDM. Corresponding strategies are needed. 

In conclusion, these two approaches share similar integration vision and should be applied 

together in the AEC industry. There is a significant upward trend in the combination of MCDM 

with BIM in the last decade, which creates significant opportunities in advanced decision-

making and the transformation of the AEC industry into digitization. 
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