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Abstract 

Research efforts have been proving that computer simulation is a useful decision-

support tool for construction projects for more than four decades. Nevertheless, it has 

not gained widespread adoption by the industry. This paper summarises the barriers to 

adopting simulation in the construction industry and the level of attention those barriers 

have received from researchers to date. A systematic literature review was carried out 

by searching databases and the profiles of the top researchers in this field to identify the 

journal papers, conference articles, and theses that have addressed the barriers from 

2000 to 2019. The search process resulted in 78 documents with 14 barriers recorded. A 

critical analysis of the barriers was then conducted. The final analysis suggests four 

areas for improvement to overcome the identified barriers.  Addressing the barriers can 
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lead to a better realisation of simulation benefits in the industry, thus stimulating the 

uptake of simulation in construction. 
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1 Introduction 

Nowadays, construction projects are becoming more complex, dynamic, and risky.  

Managing such projects in a traditional fashion, which largely depends on trial and 

error, may lead to undesirable results [1]. This situation calls for the analytical tools and 

methods that can support an advanced decision-making process [1]. Computer 

simulation presents one of the most powerful analytical methods to evaluate the effects 

of different management decisions on a virtual environment [2]. From the operations 

research point of view, simulation is defined as the imitation of an operating system as it 

progresses over time and is used to improve the system and to provide a better 

understanding for stakeholders [3]. It has been proved to be an effective decision-

support tool for systems that involve a high level of uncertainty, complexity, and 

interdependency between system components [4].  

Computer simulation has attracted considerable attention from construction 

researchers since the early 1960s [5]. The first wave of research was mainly focused on 

developing tools that could support the simulation of construction operations. Halpin [6] 

led these efforts by introducing CYCLONE, which is a well-established tool that utilises 

Activity Cycle Diagrams (ACDs) to represent construction operations. During the 

1980s, several researchers attempted to follow the lead of CYCLONE by providing 

other construction simulation tools such as RESQUE, INSIGHT, UM-CYCLONE, and 



 

COOPS [2]. The next generation of construction simulation tools was prompted by the 

emergence of advanced object-oriented programming in the early 1990s [2]. 

Stroboscope was introduced by Martinez [7], the first of a series of special purpose 

simulation tools. These tools were able to model a variety of complex construction 

systems. Later, Simphony was proposed by Hajjar and AbouRizk [8], a tool that 

increased model flexibility by allowing the modeller to either follow the traditional code 

writing technique or using a set of symbols that assist non-expert modellers in building 

simulation models for several construction applications such as tunnelling, earthmoving, 

and dewatering. The recent wave of construction simulation studies is more concerned 

with improving the applicability of simulation modelling in the construction industry. 

One example is COSYE introduced by AbouRizk and Hague [9], which facilitates 

collaborative development, interoperation, and reuse of simulation components. Other 

examples include the integration of simulation modelling with building information 

modelling (BIM) [10], hybrid modelling [11], data-driven simulation models [12], and 

virtual and augmented reality (VR/AR)-based simulation models [13]. 

Despite the extensive research effort to develop simulation tools that model 

construction operations, the construction industry has consistently shown scepticism in 

and reluctance to adopting computer simulation [14]. Instead, industry practitioners 

have preferred to solve problems by making decisions intuitively and in an ad-hoc 

manner [15]. AbouRizk [2] reported that research efforts to develop simplified 

construction simulation tools were not successful in changing the negative attitude of 

the construction industry toward computer simulation. He referred to this problem as a 

‘dilemma’ that necessitates more attention by the construction research community. 

Another alarm for this problem was raised by Lucko, et al. [16] who reported that no 



 

single simulation-based tool for construction had been commercialised for industrial 

purposes (up until the paper’s publication date).  

Recent studies investigated the determinants that lead to the gap between 

construction simulation state-of-the-art and state-of-practice using different 

methodologies.  Lee, et al. [17] studied several challenges in construction simulation as 

identified in a focus group discussion by the Visualization, Information Modelling, and 

Simulation (VIMS) committee under the American Society of Civil Engineers (ASCE) 

umbrella. Similarly, Leite, et al. [14] presented 6 grand challenges in construction 

simulation as derived by the VIMS committee. These challenges were then assessed by 

a survey on 17 academics and 10 industry practitioners to rank their relative importance.  

Overcoming some of these challenges, such as the complexity of building simulation 

models and the amount and nature of simulation input data, has been the primary 

objective of several construction simulation studies over the past two decades.  

The previous studies by ASCE VIMS identified the challenges based on the 

outcome of a focus group by the simulation expert task force in the VIMS committee. 

Construction simulation research lacks a comprehensive review on the reported 

construction simulation challenges in the literature. Therefore, this paper aims at 

complementing the findings of ASCE VIMS studies by conducting a comprehensive 

review of literature to address a wider community of interests. Accordingly, future 

strategies to overcome these barriers by academia and industry can be suggested. 

Therefore, the first question addressed in this paper is: 

RQ1. What are the major challenges in adopting computer simulation in 

construction? 



 

Once the barriers have been summarised and analysed, the second research question is 

defined as follows: 

RQ2. What are the suggested strategies to overcome the barriers? 

The answer to this second question can help researchers to determine ways to change 

the momentum of the construction industry in the uptake of the simulation modelling as 

a decision support aid. It is important to point out that the main scope of this paper is on 

simulation modelling from operations research point of view, which focuses on 

modelling the behaviour of complex and stochastic systems using simulation 

approaches such as Discrete Event Simulation, System Dynamics, and Agent Based 

Modelling. Thus, other types of simulation such as 4D and energy simulations are 

excluded from this study. 

2 Research design 

This paper consists of three main phases, as shown in Figure 1. In the first phase, 

literature was extensively searched to identify the most pertinent studies to the two 

research questions. A systematic literature review (SLR) was undertaken, which 

provides a well-recognised method for investigating literature and justifying outcomes 

in a comprehensive, transparent, and replicable manner [18]. This phase applied the 

procedure used by Shi, et al. [18] as the primary guidelines to conduct the SLR. The 

second phase included performing an analysis of the selected literature to describe their 

attributes and content. The third phase aimed at addressing the two research questions 

based on the findings of the literature analysis. The details of each phase are discussed 

in the following sections.  



 

3 Literature search 

The first phase of the research involved three major activities, including protocol 

development, database search, and literature selection. 

3.1 Establishing a search protocol 

The search protocol embodied the planning document of the SLR. It included a detailed 

description of the key elements of SLR such as the research questions, relevant 

databases, keywords, and inclusion/exclusion criteria, based on the recommendations by 

Borrego, et al. [19]. The protocol was developed within the team of six authors 

collaboratively. The collaboration helped to refine the document iteratively throughout 

the review process and assure its validity and replicability. The developed protocol also 

facilitated discussions between the team members in the early stage of this study.  

Scopus was selected as the main database to search for scholarly papers. This 

database is known to cover most of the leading journals and conferences in the field of 

simulation [20].  Dissertations and theses were also essential for inclusion in the SLR 

process [19]. The study used the ProQuest Dissertations & Theses database to address 

this requirement.  

The combination of search keywords was as follows:   

(Construction W/3 simulation) AND (project OR management OR process OR 

operation OR system) AND (gap OR limitation OR issue OR problem OR challenge 

OR drawback OR barrier) 

Since the keywords “Simulation” and “Construction” could be found in contexts other 

than construction simulation research, the search was limited to the cases in which the 



 

distance between the two keywords did not exceed three words, i.e., W/3. This 

limitation was set to ensure that the keywords were mostly used in the same sentence to 

decrease the number of out-of-scope results. For instance, this formulation can help to 

locate cases that may include terms such as “construction process simulation” or 

“simulation of construction operations”.  

The search fields included the title, abstract, and keywords. The publication date 

criteria were set to the period after 2000. The main reason to set this search period is 

that construction simulation research went through three main phases as reported by 

AbouRizk [2], where the most recent phase in the evolution of construction simulation 

research started after 2000.   



 

 

Figure 1: Research design 

3.2 Database search 

The search returned 750 documents on Scopus and 246 on ProQuest Dissertations & 

Theses. In addition, author profiles in Google Scholar were searched manually to detect 

relevant articles that were not included in the database search results. The most 

recognised authors in the area of construction simulation were identified from Scopus 



 

search results analysis and the list of the top ten researchers with most published papers 

in Panas and Pantouvakis [21]. Google Scholar was used at this stage because it may 

include other types of literature such as books, book chapters, reports, and unpublished 

material. 

3.3 Literature selection 

The last step of the literature search involved a screening process that used a skim and 

scan technique at two levels. First, the titles and abstracts were screened to limit the 

selection to documents which included discussion on construction simulation 

methodologies and/or had presented construction simulation case studies. The number 

of documents selected was narrowed down to 309 after abstract scanning. Afterwards, a 

full-text screening was completed that returned documents that had provided an explicit 

discussion on the barriers to adopting simulation in the construction industry. It is 

important to note that some publications discussed limitations in current construction 

simulation research, but these limitations were not necessarily linked to a lack of 

simulation adoption in the industry. Therefore, even though these publications provide a 

remarkable contribution to the field such as Martinez [4], they were excluded from the 

SLR to maintain consistency and eliminate any bias in the screening process.  

Forward and backward snowballing was carried out comprehensively during the 

full-text scanning of the selected documents. Forward snowballing aims at identifying 

documents that have cited the selected documents. Backward snowballing aims at 

searching for and identifying relevant documents, which were not found in the 

searching the databases, in reference lists of selected documents [22]. The newly 

identified documents underwent the same processes of abstract and full-text screening 



 

as the initial ones. Google Scholar was used to performing the forward and backward 

snowballing during full-text scanning. The final number of selected documents after 

applying all filtering criteria was 78. These documents were taken to the next research 

stage for descriptive and content analysis.  

4 Literature analysis 

The authors analysed the selected 78 documents using descriptive and content analysis. 

The descriptive analysis summarised the nature of the documents regarding their 

publication years, sources, authors, and research themes. The content analysis 

conducted provided an in-depth exploration of the documents. It led to a quantitative 

analysis of the barriers of adoption. It is important to note that the 78 selected 

documents include work that could be published more than once in different forms such 

as journal papers, conference papers, or thesis. For instance, the conference paper by 

Labban, et al. [23] on simulating asphalt paving operations was incorporated later in the 

first author’s PhD thesis on automating construction simulation [24]. The intentional 

inclusion of repeated and incremental work was undertaken to measure research activity 

and authors’ interests over time, which can be considered as an unbiased measure as 

suggested by Robinson [25]. In addition, the literature analysis considered quantifying 

all reported barriers in the selected documents even if they are cited from previous 

articles of other authors. The reason for not excluding such barriers is that the cited 

barriers still represent the point of view of the authors who reported these barriers from 

previous research. 



 

4.1 Descriptive analysis of the corpus 

4.1.1 Chronological distribution of selected documents 

Figure 2 illustrates the distribution of the publications over the years. The figure shows 

a significant rise, especially in the number of conference papers that discussed the 

barriers to simulation adoption after 2010. This rise can be interpreted as increased 

awareness among construction simulation researchers regarding the lack of uptake of 

simulation in the construction industry. Therefore, recent studies are providing more 

dedicated discussions on the barriers to simulation adoption.  



 

 

Figure 2: Chronological distribution of findings 

4.1.2 Main sources of the documents detected 

Figure 3 illustrates the distribution of the documents based on their sources. Among the 

78 documents selected, 45% were journal articles (35 documents), 47% were 

conference proceedings (37 documents), and 8% were theses (6 documents). 

Automation in Construction (AutoCon) and ASCE Journal of Construction Engineering 

and Management (JCEM) were the most active journals to publish on the barriers to 

simulation in construction. These two journals, which are among the most prominent 

journals in the area of construction management [18], accounted for 22% of the total 

documents and 50% of the journal articles. The Winter Simulation Conference (WSC) 

was the most important source to report the barriers as it included 29% (23 documents) 

of all the documents detected.  
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Figure 3: Sources of selected documents 

4.1.3 Most published authors  

Table 1 lists the top 10 authors with the highest number of publications out of the total 

of 113 authors identified. It can be concluded that the barriers to adopting simulation in 

construction have been extensively discussed within institutions in Canada and the 

USA.  

Table 1: Top 10 most published authors of the selected documents 

Researcher Country Selected documents  

AbouRizk, S. M. Canada 14 

Mohamed, Y. Canada 12 

Behzadan, A. USA 8 

Automation in 
Construction

(AutoCon) 11%
Journal of 

Construction 
Engineering and 

Management
(JCEM)

11%

Journal of 
Computing in 

Civil Engineering
(JCCE) 5%

Electronic Journal 
of Information 
Technology in 
Construction

3%

Other 11 
Journals 

14%

Winter 
Simulation 
Conference 

(WSC)
29%

Computing in 
Civil Engineering

6%

Construction 
Research 
Congress

4%

Other 5 
Conferences

9%

Theses
8%



 

Lu, M. Canada 6 

Akhavian, R. USA 4 

ElNimr, A. Canada 4 

Kamat, V. R. USA 4 

Lucko, G. USA 4 

Martinez, J. C. USA 4 

Ruwanpura, J. Y. Canada 4 

4.1.4 Most frequently cited documents 

Table 2 lists the most frequently cited documents according to Google Scholar. 

AbouRizk [2] received the highest number of citations among the selected documents as 

it provided comprehensive discussions on the gap between construction simulation 

research and practice as well as the critical factors for the successful collaboration 

established between the University of Alberta and construction industry in the city of 

Edmonton, Canada. 

Table 2: Most cited documents 

No Author/year Title Source Citations 

1 AbouRizk [2] Role of Simulation in Construction 
Engineering and Management 

JCEM 236 

2 Al-Hussein, et 
al. [26] 

Integrating 3D visualization and 
simulation for tower crane operations 
on construction sites 

AutoCon 146 

3 Lee, et al. [11] Dynamic planning and control 
methodology for strategic and 
operational construction project 
management 

AutoCon 131 

4 AbouRizk and 
Mohamed 
[27] 

Simphony - an integrated environment 
for construction simulation 

WSC 113 



 

5 AbouRizk, et 
al. [5] 

Research in Modeling and Simulation 
for Improving Construction 
Engineering Operations 

JCEM 108 

6 Kamat [28] VITASCOPE: Extensible and scalable 
3D visualization of simulated 
construction operations 

Virginia 
Tech 

 

71 

7 Kamat and 
Martinez [29] 

Validating Complex Construction 
Simulation Models Using 3D 
Visualization 

Systems 
Analysis 
Modelling 
Simulation 

71 

8 Fente, et al. 
[30] 

Defining a probability distribution 
function for construction simulation 

JCEM 61 

9 Akhavian and 
Behzadan [31] 

Knowledge-based simulation 
modeling of construction fleet 
operations using multimodal-process 
data mining 

JCEM 61 

10 Mohamed and 
AbouRizk 
[32] 

Framework for Building Intelligent 
Simulation Models of Construction 
Operations 

JCCE 55 

4.1.5 Thematic analysis of the documents 

A classification of the papers based on their main objective was performed. Main 

themes were identified as follows: (1) challenges of construction simulation, (2) 

construction logistics, (3) data collection and synthesis, (4) hybrid simulation 

modelling, (5) implementing lean principles with simulation, (6) integrating simulation 

with BIM, (7) simulation tools and/or methods, and (8) visualization of simulation 

models. Figure 4 shows the frequency of themes identified for the selected documents.  



 

 

Figure 4: Thematic analysis 

“Simulation tools and/or methods” was the most prevalent theme followed by “Data 

collection and synthesis”, and “Visualisation of simulation models”. In general, the 

barriers were discussed in the problem statement section of these documents to justify 

their scientific contribution to overcoming these barriers. 

4.2 Content analysis 

Content analysis is a flexible research method that analyses a body of text to identify 

current research patterns and emerging concepts [33]. It can be combined with 

qualitative, quantitative, or mixed research methods [33]. Content analysis was 

conducted using NVivo, which is a software for qualitative data analysis. NVivo is 

proved very effective with qualitative analysis for SLR as it assists in importing, coding, 

editing, retrieving and reviewing textual data as well as allowing searching for 

combinations of words in the text or patterns in the coding [34]. NVivo has been 

repeatedly used in content analysis of construction review studies such as in Lu and 

Yuan [35].  
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For the first research question (RQ1), queries were created using the following 

keywords: gap, limitation, issue, problem, challenge, drawback, or barrier. The software 

generated a list of the documents that contained at least one of the keywords or their 

synonyms. The findings of the queries were scanned to identify all the barriers reported. 

Each barrier was assigned to a node in NVivo. These nodes were then used as queries to 

do the second round of content analysis. For each node query, results were manually 

scanned, and information was assigned to the relative node. Any new barrier found was 

assigned to a new node. Another query was performed for the new nodes. This process 

was repeated until all the barriers reported in the documents were identified. Finally, a 

full-text scanning was completed on the documents to verify the findings from NVivo 

analysis and to search for any missing information that was overlooked during the 

process of using queries iteratively to identify barriers. An additional round of scanning 

was completed by a second co-author to validate the findings of the content analysis and 

locate any unidentified barriers.  

Table 3 lists the findings of the content analysis. Identified barriers were classified 

into four main categories: (1) Nature of construction projects, (2) Industry practitioners, 

(3) Simulation technology, and (4) Construction simulation research. This classification 

aimed at making a distinction between the nature of the identified factors. Such a 

distinction can help to address barriers individually based on their nature. However, it is 

important to realise that several barriers within the same category or from different 

categories are interrelated as they may affect each other. The interrelationship between 

the barriers is explained in the discussion section of this paper (Section 5). 



 

Table 3: Barriers to simulation adoption in the construction industry 

Construction projects (CP) 

1. Dynamic and risky nature of construction operations 

2. Temporariness and uniqueness of construction projects 

3. Time constraints 

Simulation technology (ST) 

1. The amount and nature of input data requirements 

2. The complexity of simulation methodologies 

3. The high cost of simulation studies 

4. The high level of effort required to build simulation models 

5. The long cycle time of simulation studies 

6. The sophisticated nature of simulation outputs 

7. The special skills required to develop simulation models 

Industry practitioners (IP) 

1. Industry culture and low confidence in simulation technologies 

2. Lack of proper simulation knowledge among construction practitioners  

Construction simulation research (CSR) 

1. Lack of collaborative construction simulation studies  

2. Limitations in construction simulation tools and methods 

4.3 Quantitative analysis of identified barriers 

The quantitative features of NVivo enabled the enumeration of the results based on the 

frequency of the findings. Table 4 illustrates the quantitative analysis of the barriers. 

Figure 5 sorts the identified barriers based on their frequency of reporting in the selected 

documents. 



 

 

Figure 5: Analysis of barriers to simulation adoption in the construction industry 
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Table 4: Quantitative analysis of barriers 
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Table 4: Quantitative analysis of barriers (Cont.) 
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Table 4: Quantitative analysis of barriers (Cont.) 
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5 Discussion 

In this section, we firstly review the identified barriers to simulation adoption in the 

construction industry based on the findings from the literature review. Secondly, we discuss 

the main research directions that can help to overcome the barriers.   

5.1 Barriers to simulation adoption in the construction industry 

The following is a discussion of the 14 identified barriers in descending order based on their 

frequency of report as found in the qualitative analysis (see Figure 5). 

5.1.1 Limitations in construction simulation tools and methods 

This barrier was the most frequent problem reported in the literature, which has been 

discussed from several angles. For instance, the inability of current simulation tools to 

capture the reality of construction systems was reported in several studies as one of the 

factors limiting simulation adoption in construction [1,14,56,75,86,87,92]. The inaccuracy of 

the conceptualisation of the construction operations in the simulation studies has been 

recorded as another main reason for the gap between academia and industry [17,53,77,84,89-

91]. It is typical in construction simulation research to adopt modelling strategies that are 

borrowed from manufacturing or other disciplines, which force the modellers to tweak 

construction systems by making unrealistic assumptions and simplifications to fit into these 

adopted strategies  [17,91]. The increased interest in discussing this barrier in literature can 

explain why the theme of “Simulation tools and/or methods” was recognised as the most 

common theme in the selected literature.  

5.1.2 The long cycle time of simulation studies 

The time required to build simulation models has been another major roadblock in adopting 

computer simulation in construction, reported 26 times by the selected literature. The process 



 

of developing a construction simulation model from scratch is highly time-consuming for 

both modellers and construction stakeholders. Some studies reported time as a barrier in 

general while other studies were more specific in describing what simulation activities are the 

most time-consuming.  Labban, et al. [23] referred to a case study on an asphalt paving 

project in which the simulation modelling experiment took five person-months. Such a long 

duration is not realistic in the production environment of construction projects. In other 

instances, the lengthy process of data gathering and building the model have been specified 

as the time-consuming part of the process; which hampers the willingness of the industry to 

use simulation as a decision-support tool [68,71,81]. Shrestha and Behzadan [95] refer to the 

conceptualisation as a challenging task that requires a considerable amount of time. The 

verification and validation of the models have also been addressed as another time-

consuming step of the simulation studies [29,40].  

5.1.3 The complexity of simulation modelling 

This barrier was observed 24 times in the selected literature. Kamat [28] related the 

complexity of simulation modelling to the nature of the job of modelling, which is a 

combination of science and art. Lu and Wong [54] referred to the specific analytical aspects 

of the technique as a major reason for the complexity. Scherer and Ismail [69] also elaborated 

that this inherent complexity of simulation modelling in comparison with traditional 

construction planning techniques has been hindering its acceptance in the industry.  

5.1.4 Special skills required to develop simulation models 

The special aptitudes required to create a simulation model was reported as an obstacle to the 

adoption of simulation by the industry. To develop a simulation model, a special set of skills 

in different areas have to be acquired. The skills range from computer programming and 

statistics to system engineering [43,51,54,80]. In construction, to utilise the powerful features 



 

of simulation modelling tools in their decision-making process, the simulation modellers need 

to develop cognitive skills to observe, analyse, and conceptualise site operations [54]. These 

skills have steep learning curves and can take months or even years to be adequately 

mastered [39]. This barrier was reported 23 times in the selected literature. 

5.1.5 Lack of proper simulation knowledge among construction practitioners  

This barrier was mentioned 20 times in the selected literature. Construction engineers 

typically lack the knowledge required to develop a simulation model [83]. This problem can 

be mainly traced back to the lack of simulation education in construction curricula [14]. In 

their questionnaire survey to investigate the grand challenges in the construction industry, 

Leite, et al. [14] found that integrating simulation into construction curricula was identified as 

the most critical challenge by both academic and industry participants. This finding suggests 

the lack of proper simulation education as the main reason for this barrier. 

5.1.6 Amount and nature of the input data required for a simulation study  

This barrier was recorded 17 times. A significant amount of production data is required from 

the site to create the model, which is rarely available and its collection is associated with a 

tedious process [5,53]. Moreover, there is a lack of practical methods to provide updated and 

meaningful data during construction to keep the model current as the system evolves [1,31]. 

In the absence of the data that is specific to the project, most construction simulation models 

depend on historical data collected either from other projects or from expert judgement. This 

data will not necessarily suit the situation under study, which may affect the reliability and 

credibility of the model [12,83].  

5.1.7 Industry culture and low confidence in simulation technologies 

The construction industry has been known to resist and doubt modern technologies in 

general, with several examples such as their approach to the visualisation and information 



 

modelling technologies [14]. Construction practitioners often consider simulation as a “black 

art” that only a computer expert can understand [26]. In this sense, it closely ties to the lack 

of simulation knowledge discussed in 5.1.5. This cultural problem has been persistently 

reported over two decades with no compromise, so far. It was observed 16 times in the 

quantitative analysis of literature.  

5.1.8 The high cost of simulation studies 

This barrier was recorded 15 times. The high cost of simulation studies can be associated 

with the cost of acquisition and training to get a simulation software running for in-house 

simulation studies [45,60,92]. An alternative way is to hire external simulation consultants to 

undertake simulation studies which can be highly expensive and difficult to justify for 

stakeholders. 

5.1.9 Sophisticated nature of simulation outputs 

The selected literature contained 14 references to this barrier. Typically, the outputs of a 

simulation model are presented in statistical tables and charts. Such representation of outputs 

may be seen as impractical findings of the simulation study, especially with complex 

systems. This problem has been reported as one reason for the “black-box effect” perceived 

by construction practitioners towards simulation modelling [5,37]. This barrier is closely 

linked to the barriers discussed in 5.1.5 and 5.1.7 as it can be concluded that simulation 

outputs do not fit current data management systems and visualisation techniques for 

construction. 

5.1.10 Dynamic and risky nature of construction operations 

Construction projects are well known for their high level of risk and dynamicity [5]. 

Moreover, construction projects include diverse parties with different and sensitive inputs to 

the project. Fente, et al. [30] indicated that this barrier is the same reason why there is a 



 

research interest in using simulation for construction. Even though the complex nature of 

construction projects necessitates the need for the advanced analytical capabilities of 

simulation modelling [4], these characteristics have been repeatedly reported as an 

impediment to simulation adoption in the construction industry. The difficulty involved in 

abstracting such complex and uncertain operations can be considered as the primary factor 

leading to this barrier [74,77]. The selected literature contained 13 references to this barrier 

5.1.11 High level of effort required to build simulation models 

Carrying out a complete simulation study requires a considerable amount of effort for 

problem definition, system conceptualisation, data collection and synthesis, model design and 

coding, experimentation, verification and validation, and model implementation. Given the 

distinct nature of construction projects, this effort may seem infeasible to construction 

stakeholders [52]. Therefore, 12 studies in the selected literature argued that the amount of 

effort required for simulation modelling has been hindering simulation adoption by the 

construction industry. Even though effort can be expressed in terms of time and cost which 

can be related back to the barriers discussed in 5.1.2 and 5.1.8, we reported this barrier 

separately in the same way it was reported in the selected studies to maintain impartiality 

inherited in the practices of SLR. 

5.1.12 Time constraints 

This barrier was reported 8 times in the selected literature and it is fundamentally linked with 

the long-time requirements of simulation modelling discussed in 5.1.2. Since construction 

projects have a relatively short life cycle [5,23,83], construction decision-makers may not 

have sufficient time to run complete and valid simulation models [5].  Therefore, they may 

have to base their decisions on their experience and intuition by acting as “firefighters” to 

seek instant solutions to problems when encountered [96]. 



 

5.1.13 Temporariness and uniqueness of construction projects 

Each construction project is considered “one-of-a-kind” due to the unique nature of its 

attributes[96]. Compared to other operations research disciplines such as manufacturing, 

construction production systems are temporary [59]. Therefore, in most cases, a construction 

simulation model is only used for the case it was built to solve. Going through a complete 

simulation study to produce a single and non-reusable simulation model may seem like an 

unjustifiable investment for construction stakeholders [32]. This barrier was recorded 7 times 

in the quantitative analysis of selected literature.  

5.1.14 Lack of collaborative construction simulation studies  

Even though simulation modelling is a major topic in the area of construction engineering 

and management [4,97], construction simulation research lacks collaborative studies that 

combine people from different research areas with strong industrial support [2,14]. The need 

for higher collaboration in conducting simulation research was recorded only four times in 

the selected literature with the oldest by [38] 19 years ago. Surprisingly, this barrier is ranked 

as the least frequent barrier in the selected literature. 

5.2 Trends of the appearance of the barrier in the literature 

Figure 6 depicts the cumulative frequency for each barrier against the publication year. It can 

be found that barriers related to “Simulation Technology” (ST in blue) have high frequency 

over the years in general, especially long development time, special skills, and complexity of 

simulation methodologies. Barriers that belong to the category of “Industry Practitioners” (IP 

in red) have fluctuated frequency, but in general, they received average interest compared to 

other barriers. Barriers of “Construction Projects” (CP in green) have low frequency and are 

of the least interest to researchers. Finally, the two barriers related to “Construction 

Simulation Research” (CSR in orange) have different results. It seems that the lack of 



 

collaborative studies did not catch the attention of most researchers in general as it has the 

lowest frequency for most years. On the other hand, the barrier of limitations of current 

construction simulation methods was the most frequent barrier by 2019. 

Two patterns of barriers can be identified in Figure 6. First, most of the barriers under the 

categories of ‘Construction projects’ and ‘Simulation technology’ consistently concerned 

researchers as they received regular attention over the reviewed period (2000-2019). Second, 

some other barriers that are related to industry practitioners and construction simulation 

research received higher attention recently. This higher attention for the second pattern can be 

interpreted as an increased awareness of the most critical barriers that need more research 

efforts. A clear example of the second pattern is the barrier of “limitations of current 

construction simulation methods” which received a rapid increase in frequency and became 

the most frequent barrier by 2019. 



 

Figure 6: Trends in barriers
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5.3 Research directions to overcome construction simulation adoption barriers 

Several initiatives have been launched to bridge the gap between construction simulation 

state-of-the-art and state-of-practice. Building on the ASCE’s VIMS committee mission 

reports by Lee, et al. [17] and Leite, et al. [14], this study summarises four main directions as 

recommendations for future research.  

5.3.1 Reducing the skills, efforts, and time required to build simulation models 

As discussed, building a construction simulation model necessitates acquiring 

multidisciplinary knowledge such as industrial engineering, computer science, and 

construction management, which is often unavailable for most construction engineering 

practitioners [14]. Thus, mainstream research efforts have been focused on developing 

construction simulation tools that do not require the users to obtain extensive knowledge 

about simulation modelling. The development of simulation systems for construction 

applications, such as CYCLONE [6], Stroboscope [7], and Simphony [8], featured 

outstanding contributions to the area of reducing the required skills and development efforts. 

These systems require a minimal simulation education to support non-experts in building 

simulation models. Additionally, through the use of predefined construction-specific objects, 

these systems can save a considerable amount of simulation conceptualisation and coding 

time. The challenges associated with reducing skills, efforts, and time can be summarised by 

the question of “Can simulation be made as simple as the Critical Path Method (CPM) 

without sacrificing its functionality?” [98]. This question is based on the notion that CPM is 

considered the most popular tool in the 20th century for construction management 

practitioners [99]. However, efforts spent on simplifying model development were not 

enough to yield successful deployment of simulation in the industry [2]. Therefore, these 



 

efforts should coincide with other research aspects as discussed in the following subsections 

on research directions.  

5.3.2 Improving the quality of computer simulation studies 

New advancements in computer simulation technologies can facilitate the generation of 

simulation models with higher quality [14]. For example, sensing devices and smartphones 

can be used in conjunction with Agent-Based Modelling (ABS) to incorporate social aspects 

and human behaviour in construction simulation. Additionally, partnering construction 

simulation models with real-time data from the site has been proposed in recent studies to 

develop dynamic models that adapt to the real world [1,95]. It was found that more accurate 

and reliable simulation results can be obtained by the efficient use of sensors. Another area of 

improvement is the verification and validation of simulation models. Modern visualisation 

techniques such as 3D animation and VR/AR can be utilised to facilitate model verification 

and validation [13].  

5.3.3 Strengthen the relationship between academia and industry 

It is vital to establish a strong relationship between simulation researchers and construction 

practitioners to leverage acceptance of computer simulation as a decision-support tool in the 

industry. An example of the few successful partnership cases reported in the literature is 

provided by AbouRizk [2]. This partnership was achieved by the collaboration since 1994 

between the Natural Science and Engineering Research Council of Canada (NSERC) 

Industrial Research Chair (IRC), a consortium of construction companies, and the University 

of Alberta.  Several applications were deployed through this partnership including 

earthmoving, tunnelling, construction claims, fabrication shops, and site layout. The success 

of this partnership was built on several factors such as (1) useful input from industry into the 

research program, (2) flexible and powerful simulation tools, (3) tangible results in 



 

reasonable timeframes, (4) long-term relationship and trust with industry, and (5) sufficient 

funding for the research program. 

5.3.4 Integrating simulation modelling into construction engineering curricula 

It can be concluded that the two barriers related to construction practitioners (IP1 and IP2) 

are linked to lack of simulation education in construction engineering curricula. Even though 

simulation has been identified as one of the top research areas in construction between 1985 

and 2002 [97], it received less interest in construction education compared to other 

engineering departments such as mechanical and industrial engineering. Integration can 

provide future engineers with sufficient knowledge of simulation and increase their ability to 

create valid and useful models for real-world construction problems. 

6 Conclusion 

Despite being at the centre of attention of construction scholars, computer simulation has not 

received the same wide recognition from the construction industry. This paper investigated 

the barriers to computer simulation adoption in the construction industry. Previous research 

presented 6 main challenges based on focus-group of simulation experts [14,17]. In this 

study, we aimed at complementing previous research by addressing the gap from a different 

perspective. Therefore, a systematic procedure was followed to investigate a wider 

community to provide a deeper understanding of the problem of lack of simulation adoption 

in the industry. Accordingly, 14 barriers were identified and four main directions were 

proposed that can be taken to overcome the barriers which are: (1) Reducing the skill, effort, 

and time required to build simulation models; (2) Improving the quality of computer 

simulation studies; (3) Strengthening the relationship between academia and industry; and (4) 

Integrating simulation modelling into construction engineering curricula. 



 

Even though construction systems have unique characteristics compared to other 

simulation domains, the practice of simulation modelling should not be significantly different 

[4]. Therefore, a closer examination of the efforts in overcoming the barriers in other 

simulation domains can provide specific insights to contribute to the recommended four 

directions. One aspect of simulation that has received little attention in construction 

simulation research is conceptual modelling, which is the simulation study phase concerned 

with model description and system abstraction. Even though the need for a meaningful 

specification of the system was repeatedly reported in construction simulation research 

[1,2,4,17,26,53,84], only a few attempts were made to incorporate the conceptual modelling 

phase in construction simulation solutions such as in [73]; [89]; and [91]. Therefore, future 

work will investigate the role of conceptual modelling in overcoming the barriers of 

simulation adoption in the construction industry as identified in this paper.  

It is plausible that some limitations may have affected the findings of this paper. First, 

with the increasing number of studies in the area of construction simulation and the different 

taxonomies used in this field, some papers that have reported barriers may have been missed 

in the search results. However, a dedicated effort was made by two of the authors of this 

paper to ensure that we covered most of the available literature on the topic. Second, the 

definition and categorisation of barriers may have been influenced by the researchers’ bias. 

Therefore, a validation of the content analysis was carried out by one of the co-authors to 

ensure the accuracy of the findings by cross-checking the identified barriers with the selected 

literature. Finally, the findings of this study may not reflect the viewpoints of all industry 

practitioners, who use simulation modelling as a decision-support tool in construction, as they 

do not necessarily publish the outcomes of their simulation studies in academic literature. The 

last limitation can trigger future research on investigating the reasons for lack of simulation 

adoption in construction from an industrial perspective.  
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