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Abstract. The increased complexity of construction projects has caused various management challenges. To clarify the
mechanism of construction system complexity and improve the ability to manage the complexity of construction pro-
jects, the Agent-based modeling (ABM) method has been introduced and used in the construction management field.
Nevertheless, a systematic, holistic, and panoramic understanding of the use of the ABM model in the construction

management field is still lacking. To address this research gap, this study reviewed 133 historical explorations retrieved
from the database of Web of Science. By using the multiple objectives of construction management as the literature
classification framework, the study described the research status of the agent-based modeling method in the field of
construction management. On this basis, this paper suggested the improvement paths in the application of this method
from three aspects. It is expected that this study will provide a theoretical basis for enhancing understanding of the use
of the ABM method in construction management, and also provide insights for future explorations in the area.
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1. Introduction

The construction industry is one of the pillar sectors in
many parts of the world, and it contributes significantly
to the development of national or regional economy (Li
et al., 2021a, 2021b). According to the forecast from Mc-
Kinsey & Company, up to 57 trillion U.S. dollars will be
invested in infrastructure construction, especially major
projects, around the world by 2030 (Agarwal et al., 2016).
Construction management is a type of activity that ac-
quires, allocates, and coordinates construction resources
to make projects more orderly and effective (Sheng, 2018).
The construction management practices have profound
impacts on project performance from different perspec-
tives, such as quality, cost, time, safety, and sustainability.
These impacts will also indirectly lead to the engineering
industry being affected by different degrees of adverse
factors (Huang & Liu, 2021).

However, it is not an easy task to achieve an effective
construction management to optimize multiple objectives
in engineering construction activities. This is given that

engineering construction itself is a relatively complex sys-
tem, and it faces many challenges resulted from system
complexity. The main sources and manifestations of com-
plexity in the engineering construction process are mainly
reflected in the following aspects.

First of all, construction and environment (e.g., eco-
nomic environment, natural environment, social environ-
ment) are highly interactive (Zhang et al., 2020a). The en-
vironment is dynamic, uncertain, and evolving, and it has
close relationships with engineering construction activities
(Meng et al,, 2021a, 2021b).

Secondly, there are many system elements embedded
in engineering construction, and these elements have the
features of heterogeneity and adaptability. Specifically,
these elements have different attributes and functions. In
addition, these elements can actively adjust their state and
behavior in respond to the changing environment.

In addition, the overall behaviors and functions of con-
struction projects are complex. These behaviors and func-
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tions cannot be achieved merely by individual elements or
subsystems, and they are not the simple superposition of
the behaviors and functions of individual elements or sub-
systems. These behaviors and functions are only owned by
the system as a whole. For example, multiple objectives in
the process of engineering construction are the “emer-
gence” of system behaviors and functions.

These factors bring a variety of challenges to the man-
agement of construction projects. To effectively deal with
complexity-caused management problems in engineering
construction projects and to clarify the system complexity
mechanism of such projects, the agent-based modeling
(ABM) method is used in the construction management
research community. For example, Falcone and Sapienza
(2023) use ABM to study the impacts of complex factors
such as trust on government in the context of complex
international epidemics, The ABM method has unique ad-
vantages in dealing with complex problems in a system.

ABM can fully consider the heterogeneity of system
elements, interactivity and the adaptability of the subject’s
behaviors (Knight et al., 2012), and the dynamic evolution
characteristics of the environment. In addition, the method
can also extract the elements with the interrelated mech-
anism in the construction system, build a system model
from the bottom up, and study the "emergence” at the
macro level of the system through the interaction of micro
subjects. For instance, Mohan et al. (2023) used ABM to
simulate the biased behavior of agents in the development
of social interactions. Consequently, it has advantages in
analyzing complex, dynamic and nonlinear construction
management problems, which is supported by historical
studies. For example, Awwad et al. (2017) pointed out that
the ABM method is mainly used to analyze the impacts
of agent interaction in a system and explain the "emer-
gence” phenomenon at the macro level of such system
from the perspective of agent micro behavior interaction.
Liang et al. (2018) stated that the ABM method can help
to clearly describe the construction process, subjects and
complex variables of projects, and it can also solve the
dynamic and uncertain problems caused by the constraints
of basic factors such as time and space in a construction
system. Araya (2020) found that the ABM method can ef-
fectively portray agents who can learn independently and
produce adaptive behaviors to the changes in projects.
Araya (2021) stated that ABM can effectively model the in-
teraction process of relevant elements in the construction
of complex system, simulate the entire evolution process
of the system, and test the effects of policies and inter-
ventions on various scenarios. In addition, the simulation
environment of the ABM method is also diverse, especially
due to the convenience and benefits brought by the con-
tinuous optimization of NetLogo (Carbo et al,, 2018).

As complexity is becoming more common in construc-
tion projects, complexity has attracted increased attention
in the construction management research community.
The complexity in the different construction management

scenarios involves many system elements, heterogeneous
subjects (e.g., owners, designers, supervisors, suppliers,
team members), and multiple objectives (e.g., time, cost,
quality). Although the ABM method (including the com-
bination of ABM methods and discrete event simulation)
is a powerful tool to study the complexity of construction
management (Monks et al., 2019; Xu et al.,, 2022), a holistic
understanding of its application in the construction man-
agement area is still lacking. Due to the lack of such ho-
listic understanding, it is difficult to put forward prospects
for its future development and research trends.

It is well known that engineering management has
multiple objectives, such as profit, quality, cost, schedule,
technological innovation, environmental protection, indus-
try competition, and maintenance of cooperative relation-
ships. The achievement of each objective will, to a certain
extent, be related to the complete success of the project
itself. In order to achieve or optimize the objectives, schol-
ars have adopted multi-subject modeling methods to carry
out relevant research for a specific problem in engineer-
ing management. Therefore, the study aims to address
this research gap by comprehensively and systematically
reviewing literature using the ABM method in construc-
tion management. The study will also set up a reason-
able classification framework to classify them according
to the multiple objectives emphasized in the engineering
construction projects. On this basis, this study depicts a
comprehensive picture of the research status of using the
ABM method in construction management. The scientific
atlas software CiteSpace was used in this study to analyze
the relevant literature, understand research hotspots and
current status, and suggest future research directions.

Compared with some existing reviews of ABM in the
field of engineering management (such as Agent-based
modeling and simulation in construction), this paper is
characterized by: (1) adopting a multi-objective classifica-
tion framework, (2) more inclined to the perspective of
construction management, which focuses on reviewing
the relevant literature of using this method to study the
behavior of the subject, rather than biasing the review of
engineering technology optimization and simulation with
ABM in construction management, (3) focusing on the ap-
plication dimension of the ABM method, and (4) using dif-
ferent criteria to screen core literature.

The study has several innovations. First of all, there are
limited explorations on the application of ABM in engi-
neering, this article tries to collect more comprehensive
literature. Compared with the previous literature on the
engineering technology (such as Agent-based modeling
and simulation in construction), this article focuses more
on the ABM application in the construction subject be-
havior modeling and simulation research, which demon-
strates the use of this method in the field of construction
management. Additionally, this paper tries to seek a new
and more reasonable classification framework. Based on
the analysis indicators of bibliometrics, the targets are



classified from multiple angles. Therefore, researchers can
more conveniently clarify the research status and trends
in this field. In addition to some traditional targets, some
of the new goals of project management are discussed in
this paper, such as risk, sustainability, and coordination.
Furthermore, compared with the previous research (such
as the study “Applications of multi-agent systems from the
perspective of construction management: A literature re-
view"), this article systematically combed the defects of
using the ABM method, proposed the directions to im-
prove, and helped practitioners or researchers to make
the application of ABM more scientific and effective in the
field of project management.

The structure of this paper is organized as follows.
First, the literature collection and selection methods in
the Web of Science database are described. And then,
the corresponding scientific mapping analysis of the lit-
erature was performed by using the bibliometric software
CiteSpace and the keywords co-occurrence and keywords
burst detection maps were derived. After that, a compre-
hensive review of the current research status of ABM in
construction management is provided from the perspec-
tive of multiple construction management objectives. On
this basis, the advantages and deficiencies of using ABM
in the construction management research were discussed
and future research development trends were also sug-
gested. All these provide a valuable reference for the theo-
retical and practical development of this field.

2. Research methods and material preparation
2.1. Literature search and selection

The Web of Science (WOS) database was used for litera-
ture searching. WOS has powerful analysis abilities, which
can quickly locate high-impact papers and identify re-
search directions concerned by global researchers, espe-
cially by using the Science Citation Index Expanded (SCIE)
and Social Science Citation Index (SSCI) in the core collec-
tion of WOS. These two academic journal citation index
databases contain the most comprehensive list of high-
impact academic journals in the world, which is leading
and instructive (Liu et al,, 2021). In addition, WOS has been
confirmed as the most convenient database used for the
bibliometric analysis of documents (AlRyalat et al., 2019).
Many scholars have chosen the WOS database for their lit-
erature reviews (Li et al., 2022; Liang et al., 2020; Olawumi
et al, 2017; Wang et al., 2023; Zhang et al., 2020a; Zhao,
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2017; Zhong et al,, 2019). The search was limited to the
years 2001-2023 and was conducted on 8/1/2023. Table 1
shows the keywords used in searching.

This paper used the PRISMA four-stage flow chart to
screen the documents in the search results (Moher et al,,
2009). The specific screening process and results are
shown in Figure 1. First, a literature search was conduct-
ed separately based on topics A and B, but it was found
that the amount of literature contained in both was huge.
Therefore, the topics A and B were integrated, and a topic
C was established. A total of 453 literatures were obtained
through searching the topic C.

On the basis, the manual screening was performed.
Some studies published in non-construction fields (e.g.,
transportation, biology, and computer science) were ex-
cluded. Therefore, 148 studies were identified. After dis-
carding the literature in the review category and some
editorial materials, 133 literatures were finally used for the
subsequent analysis.

2.2. Literature analysis based on statistical
and bibliometric tools

2.2.1. Preliminary statistical analysis

Firstly, the publication trends in different years were ana-
lyzed (Figure 2). As shown in Figure 2, fewer papers were
published in this area before 2013. However, the inter-
est in this direction increased after 2013. In particular, the
number of papers published in the field increased signifi-
cantly during 2015-2023, with the highest number of pa-
pers being published in 2022. This trend suggests that the
increased interest in using the ABM method in the field of
construction management, which was promoted by vari-
ous factors, such as the continuous development of com-
puter technology and the current development concept of
cross-fertilization between disciplines.

Additionally, it was found that the selected 133 pa-
pers were sourced from 44 journals (Table 2). The high-
est number of papers (28) were published in the journal
Automation in Construction, accounting for 21% of the all
the published articles. This is followed by the Journal of
Construction Engineering and Management and Journal of
Computing in Civil Engineering, with a publication volume
of more than 10 articles. The number of articles published
in other journals is only between 1 and 5 articles. It was
also found that about 70% of articles are published in
journals related to construction engineering.

Table 1. The keywords used in searching on Web of Science and the search results

Topic Keywords Web of science
A (Agent-based modeling) OR (Agent-based simulation) OR (Agent-based modeling and simulation) OR 5009
(Agent-based model) OR (Multiagent-based simulation) OR (Multiagent simulation)
B (Construction) OR (Construction management) OR (Construction project) OR (Building) OR (Engineering) 42698
C A AND B 453
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Figure 1. Flowchart of systematic review process (PRISMA flow diagram)

Table 2. Review sources of 44 academic journals during 2002 to 2023

203

Journals No. Journals No.

Automation in Construction 28 | Applied Artificial Intelligence 1
Journal of Construction Engineering and Management 17 | Bauingenieur 1
Journal of Computing in Civil Engineering 12 | Canadian Journal of Civil Engineering 1
Journal of Management in Engineering Civil Engineering and Environmental Systems 1
Engineering, Construction and Architectural Management | 5 | Computational Intelligence and Neuroscience 1
Journal of Cleaner Production 5 |Energy 1
Safety Science 4 | Energy and Buildings 1
Buildings 4 | Environment, Development and Sustainability 1
Sustainability 4 | Environmental Science and Pollution Research 1
Complexity 3 | European Journal of Environmental and Civil Engineering 1
Jasss-the Journal of Artificial Societies and Social 3 | Environment and Planning B-Urban Analytics and City Science 1
Simulation

Journal of Building Engineering 3 | Humanities & Social Sciences Communications 1
Accident Analysis and Prevention 2 | Healthcare 1
Advanced Engineering Informatics 2 | Periodica Polytechnica-Civil Engineering 1
Expert Systems with Applications 2 | Plos One 1
International Journal of Environmental Research and 2 |International Journal of Occupational Safety and Ergonomics 1
Public Health

International Journal of Project Management 2 | Revista De La Construccion 1
Journal of Civil Engineering and Management Scientia Iranica 1
Journal of Simulation Iranian Journal of Science and Technology-Transactions of Civil 1

Engineering
Waste Management 2 | Sustainable Cities and Society 1
Ain Shams Engineering Journal 1 | Science of the Total Environment 1
Alexandria Engineering Journal 1 | Tehnicki Vjesnik-Technical Gazette 1
Total 133
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Figure 2. The number of publications in different years (2002-2023)

2.2.2. Analysis of keywords and hot topics distribution

CiteSpace is a bibliometric visualization software based on
the Java language. It is widely used in various fields be-
cause it can visually display various contents contained in
documents through scientific graphs, and enable research-
ers to quickly understand the current status and evolution
direction of research fields (Chen et al., 2020; Geng et al,,
2022).

Using CiteSpace software to analyze keywords (such as
keyword co-occurrence, keyword clustering, timeline and
keyword citation explosion) can help reflect the current
status, hotspots, and evolutionary directions of the studied
research field (Meng et al., 2020; Qiu et al., 2022).

Figure 3 shows an overview of the keyword co-occur-
rence network generated by using CiteSpace to extract
core data. It can be seen that “agent-based modeling”
and “performance” are the keywords with the highest fre-
quency of occurrence. This is followed by simulation, mod-
el, management, climate, construction, and systems. This
result confirms the research themes of this study. As the
main research method, the keyword “Agent based model-
ing” appears in almost every article. The ultimate goal of
using the ABM method for research in the construction
field is almost always to improve the performance of a
certain aspect of the project. Therefore, the frequency of
“performance” is also high. In addition, other frequently
occurring keywords highlight the overall directions of
the research, which is named as the “Application of ABM
method in the construction field".

Based on the keyword co-occurrence network analysis,
the timeline map (Figure 4) produced by CiteSpace soft-
ware shows the emergent analysis of keywords in the liter-
ature. Through this presentation method, it was found that
researchers have a clearer understanding of the changes in
research hotspots in the field over time and the clustering
of keywords (Zang et al.,, 2022).

The main steps were shown as follows: (1) 133 docu-
ments from the WOS database were saved in the text for-
mat in CiteSpace. (2) The relevant parameters of the soft-
ware were set (Lin et al., 2022). For example, the time inter-
val was set from 2002 to 2023, and the time slice was set
to 1 year. The nodes analyzed mainly included keywords
(title, abstract, and keywords). The g-index in selection cita-

tion was set to 25. (3) Running CiteSpace yielded Nodes =
236 and Links = 1032. The study obtained Q = 0.5859
(>0.5) and S = 0.8678 (>0.7) by using the LLR algorithm
and keywords (K) for clustering and naming of clustering
labels, indicating very good clustering and convincing clus-
tering results (Chen, 2017). To better visualize the research
hotspots under temporal changes, the corresponding
timeline functional modules were used to obtain Figure
4 (timeline map showing the research temporal evolution
trends and relationships of ABM methods in engineering
after keyword clustering) (Dang et al., 2021). (4) On the
basis of the mapping, the current research status of ABM
methods in the engineering field was analyzed, and this
analysis helps to determinate the classification framework
below.

Figure 4 shows that the keywords in the literature are
clustered into 8 categories. The left side of the catego-
ry is the change and connection between the keywords
contained in each category. The circle represents the first
appearance of the keywords, the line represents the con-
nection between the keywords under time change, and the
size of the circle is positively related to the frequency of
the keywords (Sabe et al., 2022).

By analyzing the clusters, eight clusters from three lev-
els were identified. First, clusters #0 and #3 represent the
“IT" and “construction” industries, which indicates that the
current research involves the intersection of disciplines.
Second, cluster #5 is "agent-based modeling”, which rep-
resents the mainstream methodology of current research.
Finally, clusters #1, #2, #4, #6 and #7 seem to favor some
research themes. Cluster #1 is "cooperation”, and it was

non

noticed that its keywords are "“communication”, “congru-
ence”, “conflict”, and “dispute resolution”. Given that the
completion of a construction project involves the negotia-
tion and cooperation of multiple parties inside and outside
the organization, this cluster is named as “cooperation”.
Cluster #2 is "safety behavior”, which indicates that the
ABM method is widely used in construction safety. Clus-
ter #4 is "emergent construction”, the related data were
checked and found that there is no precise definition of
this term. Combining some key words, such as “project

flow”, “system”, “contractor selection”, “key factor”, it was
found that this category focuses on the system flow and
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Figure 3. Keywords co-occurrence network of ABM in construction field research

Figure 4. The clustering results in LLR algorithm (Timeline map)

the selection of factors. Combined with the meaning of the
word “"emergency”, it was speculated that the main orien-
tation of this cluster is “fast project completion”. Cluster
#6 focuses on the disposal of building waste, and cluster
#7 focuses on the efficiency and renewability of building
energy. Both clusters #6 and #7 emphasize the concept
of green and sustainable development in the construction
industry. The cluster analysis for keywords also helps in
subsequent multi-objective based topic categorization and
content analysis.

2.2.3. Burst words analysis

Keyword prominence is the detection of keywords that in-
crease over time to reveal the hot research topics in that
period and predict which hot keywords will continue the

explosive trend in the future and become the research
hotspots in that research area. By setting the Burstness
function in Citespace to 0.2 and the Minimum Duration to
2, 25 emergent keywords with high burst intensity for the
current state of research on ABM methods in construction
management from 2002-2023 were identified (see Figure 5).

Figure 5 shows the research hotspots of ABM in the
field of engineering evolve over time from 2002-2023. The
first word to appear was “project management”, which
appeared in 2003 and lasted for 10 years from 2003 to
2012. This indicates that the earliest research in the field
centered around construction project management. The
second hotspot that lasted longer was the “life cycle as-
sessment”, which lasted for 7 years. This reflects the ap-
plication of the ABM methodology throughout the entire



Figure 5. Top 25 Keywords with the Strongest Citation Bursts

life cycle of a construction project. It also shows that with
the rapid development of global economy and technol-
ogy, the complexity of engineering (especially the com-
plexity of management) has increased dramatically, and all
aspects of engineering project management have received
the attention of researchers and have been explored us-
ing the ABM methodology (Tho et al., 2017). Many of the
keywords included in this time period (e.g., organizational
behavior, cooperation, communication, coordination) cor-
roborate the complexity of construction projects. In recent
years, the hotspot of longer duration is "obstacles” (last-
ing for 5 years). This continues to demonstrate the unique
strengths of the ABM approach in dealing with disturbanc-
es and obstacles in the complex construction projects. In
addition, "demolition waste” has also been a hot topic in
recent years. This shows that green and sustainable de-
velopment has become the focus of relevant researchers
(Meng et al., 2021a), and therefore, corresponding studies
have gradually emerged.

3. Content-based literature review

Through content analysis of the selected literature, it is
found that categorizing the papers according to the mul-
ti-objectives of engineering management helps to high-
light the research objectives and themes of each paper.
The multi-objective framework contains multiple aspects
of objectives, closely follows the actual development of
engineering, and constantly incorporates new objectives.
Finally, based on the existing objectives of engineering
management, the current status of the application of the
ABM method in engineering were summarized and ana-
lyzed. It was found that there is a gradual move towards
a high level of engineering management to achieve high
efficiency in engineering construction through constantly
overcoming the challenges of the complexity of many
systems. In this study, by analyzing the research con-
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tents of 133 literatures, it was found that the construction
management-based multi-objective classification method
can highlight the research objectives and themes of each
literature, and make the classification of the literature
clearer. In the analysis process, the content-based analysis
method was adopted. First, on the basis of bibliometric
analysis, further manual intensive reading of the literature
was carried out to sort out and understand the complex
background, specific content and main research objectives
of the 133 literature sources. On the basis, the study com-
bined the current status and trend of the development of
the ABM method in the field of construction management,
grasped the 133 literature sources comprehensively as a
whole, and finally reasonably categorized them from the
perspective of multi-objective. The selected historical stud-
ies can be categorized according to different construction
management objectives (Table 3). Table 3 shows that most
of the historical studies were examined in terms of four
objectives, namely: “safety performance improvement”,
“duration optimization”, “sustainable development”, and
“coordination of multi-party relationships”. In addition, the
research objectives of “cost saving”, “quality control” and
“risk management” are further identified.

Table 3. Literature classification based on multiple objectives

Classification of research objectives | Number (percentage)
Safety performance improvement 41 (31%)
Duration optimization 23 (17%)

Cost saving 5 (4%)
Quality control 8 (6%)
Risk management 8 (6%)
Sustainable development 21 (16%)
Coordination of multi-party 24 (18%)
relationships

3.1. Safety performance improvement

Using ABM as the main research methodology, the first
type of research focuses on the safety performance im-
provement. Table 4 lists the main dimensions of the cur-
rent study, the sub-objectives of each dimension, and the
representative literature.

Safety behavior of construction workers is identified as
one of the most important factors in improving safety per-
formance in construction sites (Li et al., 2021a; Meng et al.,
2021b). As a result, a large number of studies have focused
on the improvement of worker safety behavior. For ex-
ample, Goh and Ali (2016) proposed a hybrid framework
by combining agent-based model (ABM), system dynam-
ics (SD), and discrete event simulation (DES), and dem-
onstrated the feasibility of the framework through sen-
sitivity analysis and factorial experiments in hypothetical
earthwork cases. Managers can use this hybrid framework
to evaluate the impacts of complex decisions on workers’
safety behavior. Wehbe et al. (2016) simulated the elastic-
ity of social networks in construction through NetLogo,
analyzed how the interaction involving safety behavior af-
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fects safety performance and anti-risk capability and con-
cluded that anti-risk elasticity and safety performance is
positively affected by interaction and network structure.
Choi and Lee (2018) analyzed how safety behavior under
different risk conditions changes under the interaction of
social cognitive processes and safety intervention mea-
sures under the cognitive process theory, and concluded
that the degree and frequency of management feedback
and project identification can improve construction safety.
Li et al. (2018) constructed a three-tier structure model,
analyzed the complex mechanism of unsafe behavior of
construction workers, and studied the impacts of work-
ers’ unsafe behavior under several incentive strategies
and management scenarios. Liang et al. (2018) studied
how safety violations are affected by different manage-
ment measures under the interaction of workers and the
environment. And the study found that different safety
management measures are applicable to different levels
of danger. Based on the risk theory, Ji et al. (2019) simu-
lated the accidental injuries that workers may suffer at
construction sites to analyze the impacts of two types of
colleague support behavior on safety performance. Zhang
et al. (2019) analyzed the effects of different management
factors on safety performance in four management sce-
narios through simulations, and quantitatively examined
these factors (including the responsibilities and capabilities
of managers, etc.). It is concluded that the ABM method
can effectively evaluate the influencing factors of workers’
safety-related behavior. Liang and Lin (2019) used hybrid
system dynamics (SD) and agent-based modeling (ABM)
to simulate the main decision-making rules and interactive
behaviors in construction projects and analyzed the social
contagion mechanism of workers’ violations and the im-
pacts of the interaction of environmental factors on safety
strategies. Ye et al. (2020) analyzed the social cognition
process of workers in the interaction with managers and
colleagues during construction and showed the reasons
for the failure of workers’ cognition and the roles of social
factors. Lu et al. (2016) deployed ABM to explore how vari-
ous safety investments could influence safety behaviors,

Table 4. Classification of studies on safety performance improvement

207

as well as the interactions of individuals on a micro level,
and the subsequent safety performance of an entire proj-
ect. He et al. (2023) systematically explored the influence
of multiple (individual, organizational, etc.) factors of the
decision-making process of workers' safety behavior on
the dynamic safety performance. The results indicate that
workers’ psychological decision-making processes are the
result of multiple factors.

A construction site is a dynamic and complex system,
and many specific operations (e.g., lifting, material trans-
portation, working at heights) require the use of equip-
ment to complete (Zhang et al.,, 2020b). However, as un-
safe conditions of equipment can lead to serious safety
accidents, monitoring and evaluating equipment condi-
tions are needed (Liu et al., 2021). Lee and Bernold (2008)
developed an AB wireless communication system for se-
vere weather construction sites, where hazardous wind
conditions are predicted from sensing data and warnings
are sent to crane operators via an alerting agent, enabling
them to make autonomous decisions about the crane op-
eration plan. Zhang and Hammad (2012) determined the
priority of crane equipment and planned the movement
path of equipment in real-time by studying the negotia-
tion and communication of site status agents, coordinat-
ing agents, and crane agents to avoid collision accidents.
Vandatikhaki et al. (2017) created an architecture that
combines the Location-based Guidance Systems (LGS)
technology with security management knowledge, pro-
posed a security mechanism that can achieve two types
of responses, and demonstrated that the system can im-
prove the coordination between construction equipment
and prevent collision accidents through a case study. In
addition, Lu et al. (2020) analyzed the main influencing
factors of the imbalance between shield machines, humans
and the environment, and safety performance in tunnel
construction by developing an agent-based safety system.
This system can identify risk factors, and the effectiveness
of the system was also verified. Liu et al. (2020b) used
the ABM method and structural entropy to calculate the
safety evaluation index weights of the steel structure at-

Objective Main dimensions Sub-objective Representative literature
and codes
Safety (1) Worker safety | Exploring the interaction between safety Goh and Ali (2016), Wehbe et al. (2016), Choi and
performance behavior related influencing factors and their impact | Lee (2018), Li et al. (2018), Liang et al. (2018), Ji et al.
improvement on safety behavior (2019), Zhang et al. (2019), Liang and Lin (2019), Ye

et al. (2020), Lu et al. (2016), He et al. (2023)

(2) Equipment

Real-time tracking and monitoring of large | Lee and Bernold (2008), Zhang and Hammad (2012),

emergencies

of safety evacuation in case of sudden

safety construction equipment to avoid accidents | Vandatikhaki et al. (2017), Lu et al. (2020), Liu et al.
as much as possible (2020b)
(3) Safety Enhanced building layout design through | Mirahadi et al. (2019), Ha and Lykotrafitis (2012),
evacuation ABM helps to improve the efficiency Arteaga and Park (2020), Zhou et al. (2020), Manley

and Kim (2012), Naili et al. (2019), Li and Xu (2020)

(4) A few other
interesting
perspectives

perspective

Exploring the impact of a factor on safety
performance from a more alternative

Araya (2021)




tached lifting scaffold and used the grey relative Euclidean
weighted correlation theory to establish a safety evalua-
tion model.

In the event of an emergency, evacuation of the crowd
is required to safeguard the lives of the people. Reason-
able building design and layout can help the crowd to
evacuate efficiently (Mirahadi et al., 2019). This is also a
reflection of high-quality safety performance. Most studies
focus on the design variables in buildings (e.g., geometric
properties of doors, exits, rooms, corridors, stairs). Ha and
Lykotrafitis (2012) aimed to optimize the size of doors and
exits in complex multi-room multistory buildings. Arteaga
and Park (2020) focused on optimizing the exit widths,
door widths, and corridor widths of buildings during in-
door shootings. Zhou et al. (2020) worked on improving
the design of staircases. Manley and Kim (2012), Naili et al.
(2019), and Li and Xu (2020) applied ABM to enhance the
design of building layouts or building components, and
explored the optimal design of exits, door operability, and
shelf locations through taking into account different pe-
destrian characteristics (with special attention to the el-
derly, children, and the disabled).

There are some alternative studies in the studied area.
For instance, Araya (2021) simulated the spread of COVID-19
among construction workers in different risk activities and
analyzed the impacts on worker safety and construction
project performance. Meanwhile, the adoption of multi-
shift management measures can minimize the degree of
industrial worker density, which reduces the spread of
COVID-19 and improves the safety performance of proj-
ects.

3.2. Duration optimization

The ABM method was also used to study the construction
duration optimization issues. Table 5 lists the main dimen-
sions of the current study, the sub-objectives of each di-
mension, and the representative literature.

It was found that a large number of articles on duration
optimization focus on productivity improvement. Firstly,
the relevant research on the impact of human oriented

Table 5. Classification of studies on duration optimization
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labor productivity improvement on duration optimization
was analyzed. For example, Watkins et al. (2009) analyzed
the impacts of the interaction between individual workers
at construction sites on labor productivity and spatial con-
gestion. The study results indicate that congestion can be
used as a sudden feature and temporal and spatial dynam-
ics, and the increase in efficiency may lead to the loss of
time and space in the construction process. Du and El-Gafy
(2012) analyzed the collective behavior generated by the
interaction between employee behavior and organization
and its impacts on the project construction schedule by
establishing the virtual organizational integration for con-
struction enterprises model. The study found that voice
is an effective method to understand interactions. Ahn
et al. (2013) analyzed the mechanism of workers' social
learning and the relationships and roles of absenteeism,
social norms, and labor control. The findings of this study
showed that the cultivation of social norms can improve
attendance and project productivity. Du and El-Gafy (2015)
analyzed the mechanism and impact of the differences in
the behavioral cognition and management standards of
stakeholders in project development and showed that a
comprehensive and systematic investigation of behavior
is necessary to improve project efficiency. Kiomjian et al.
(2020) analyzed the influence mechanism of worker in-
teraction on social learning based on different personnel
compositions and project schedules and concluded that
team diversification is positively related to the level of
knowledge sharing and productivity.

Improvements in equipment efficiency also helped the
project progress. Marzouk and Ali (2013) proposed a pro-
ductivity estimation model to study the impacts of safety
and space availability on the productivity of piling equip-
ment at construction sites to improve the project schedule.
Matejevic et al. (2018) used the AnylLogic software to es-
tablish a productivity prediction model based on discrete
events and agent-based modeling. The study analyzed the
constraints affecting concrete production capacity at con-
struction sites to accurately plan the concrete production
process and shorten the construction duration. Naticchia
et al. (2019) integrated ABM and BIM to develop a generic

Objective Main dimensions and

Sub-objective

Representative literature

codes
Duration (1) Productivity Exploring the impact of labor productivity on Watkins et al. (2009), Du and EI-Gafy
optimization (manpower- project schedule acceleration (2012, 2015), Ahn et al. (2013), Kiomjian
oriented) et al. (2020)

(2) Productivity
(equipment-
oriented)

increase efficiency

Evaluate and improve equipment performance to | Marzouk and Ali (2013), Matejevic

et al. (2018), Naticchia et al. (2019),
Khodabandelu et al. (2020)

(3) Supply chain
information
sharing

Accurately control the quantity, quality and cost
of the required materials and deliver them to the | Bjomsson (2008), Jung et al. (2018)
construction site in a timely manner

Obonyo et al. (2005), Tah (2005), Min and

(4) Other influencing
factors

A number of other factors (e.g., negotiations,
choice of delivery system, etc.) can also have an
impact on the project duration

Meng et al. (2019); Zhu et al. (2020)
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online platform for efficiently managing the execution of
bored piles. Khodabandelu et al. (2020) developed an AB
model to explore the most efficient allocation of material
supply locations and cranes to each task on a large multi-
crane site by considering all potential collisions.

Getting the right quantity, quality, and cost of materi-
als to the construction site in a timely manner is important
for the completion of projects on schedule. The incom-
plete data availability due to dispersed information or lack
of proper communication hinders proper decision-making
at every stage of the supply chain and slows down dura-
tion. Therefore, timely sharing of supply chain informa-
tion is also critical for duration optimization. For example,
Obonyo et al. (2005) centralizes information through an
online platform. Tah (2005) built a multiagent prototype
system to pre-plan a collaborative project supply network
for more efficient business processes. Min and Bjomsson
(2008) developed the construction industry supply chain
simulator (CS2), analyzed the value of real-time informa-
tion sharing in the construction industry, and found that
real-time information sharing can effectively reduce the
construction time of a project and improve the perfor-
mance of the construction supply chain. Jung et al. (2018)
proposed a model combining discrete event simulations
and ABM to simulate and analyze the relationships and
influence mechanisms between construction, material sup-
ply, and resource sharing, and verified that the model is
effective in improving the progress of projects.

Some other scholars have studied the duration optimi-
zation from other perspectives. For example, Meng et al.
(2019) discussed the influence of competitive preferences
and social welfare preferences on the negotiation between
contractors and owners for the optimization of construc-
tion project schedules. The study found that greed will
lead to longer negotiation time and lower success rate,
and social welfare preferences do not affect the revenue
sharing coefficient and negotiation time. Zhu et al. (2020)
comprehensively analyzed the influence mechanism of de-
cisive factors such as project characteristics and environ-
ment on the project delivery system (PDS) decision and
concluded that the choice of PDS will directly affect the
project construction duration.

3.3. Cost saving

Using ABM as the main research methodology, the third
type of research focuses on cost savings. Table 6 lists the
main dimensions of the current study, the sub-objectives

Table 6. Classification of studies on cost saving

of each dimension, and the representative literature.

Labor costs are firstly considered as people are the
most important subjects in a construction project. For ex-
ample, Dabirian et al. (2016) studied the influencing factors
of labor costs in complex project processes and concluded
that multi-agent simulation can more accurately predict
changes in labor costs compared with planned costs in
construction projects.

Effective maintenance and repair can go a long way in
avoiding facility system failures and reducing the corre-
sponding financial losses (Trappey et al., 2013). To address
this issue, related research has used ABM and combined
it with other tools to develop a maintenance and repair
framework. For example, Shen et al. (2012) developed an
AB platform that integrates BIM and the sensing tech-
nology, which can capture relevant data from all facility
lifecycle stages and provide optimal decision support for
facility management and maintenance. By using the game
theory, Trappey et al. (2013) combined ABM with the sens-
ing technology to develop a collaborative maintenance
decision support platform.

Researchers have also focused on the impact of project
portfolios on project costs. Farshchian et al. (2017) took
the increased cost during construction and the increased
income after completion into account in the model, simu-
lated and analyzed how the four optimization schemes
and the budget cost in the portfolio affect the project
progress. The study concluded that the maximum pro-
ductivity optimization scheme has the best comprehen-
sive effect compared with the three schemes such as the
lowest residual cost. On this basis, Farshchian and Heravi
(2018) simulated and analyzed the progress, time, and cost
of the project portfolio in different scenarios, and verified
that the model can effectively improve the organization’s
revenue cost forecast and reduce its risk level.

3.4. Quality control

Using ABM as the main research methodology, the fourth
type of research focuses on quality control. Table 7 lists the
main dimensions of the current study, the sub-objectives
of each dimension, and the representative literature.

In addition to focusing on the production progress of
the project, attention should also be paid to the comple-
tion quality of the project. There is relatively little literature
focusing on this issue, and researchers mainly conducted
research from two perspectives, including bidding meth-
ods and the attributes of workers.

Objective Main dimensions and codes Sub-objective Representative literature
Cost (1) Labor cost Using ABM to accurately forecast labor costs helps | Dabirian et al. (2016)
saving projects spend wisely

(2) Maintenance and repair of

facilities economic losses

Effective maintenance of facility systems can reduce | Shen et al. (2012), Trappey et al.

(2013)

(3) Project portfolio

Help organizations optimize budget al.ocation
scenarios to reduce construction costs

Farshchian et al. (2017),
Farshchian and Heravi (2018)
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Objective Main dimensions and codes Sub-objective Representative literature
Quality (1) Bidding methods Proper bidding contributes to the overall quality Awwad and Ammoury (2019)
control assurance of the project

(2) Attributes of workers

Differences in the behavior of workers with different | Ben-Alon and Sacks (2017), Wu
attributes can affect some quality aspects

et al. (2019)

Awwad and Ammoury (2019) focused on the issue that
the choice of bidding method may affect project quality.
Awarding the project to the lowest bidder could lead to
hostile relations, reduce cooperation between the project
parties and potentially affect the quality of projects. From
the perspective of the owner, the authors simulated and
analyzed the dynamic evolution of the price and the mar-
ket during the bidding process and how to choose the
best competitive bidding method under restrictive condi-
tions. Simulation results showed that the below-average
bid method is most favored for less-competitive projects,
whereas the second low bid and average-bid methods are
preferred when the level of competition is high.

Differences in the behavior of workers with different at-
tributes can also have an impact on some quality aspects.
Ben-Alon and Sacks (2017) incorporated decision-making,
behavior, and perception in construction into the model,
simulated through similar scenes to verify the model, and
concluded that the multi-agent behavior model can ef-
fectively control production and quality issues in build-
ing construction. Wu et al. (2019) analyzed the impacts of
different attributes and behavior differences of employ-
ing multiple types of workers on project performance
and concluded that the behavior of employed workers is
affected by surrounding environmental factors (e.g., en-
gineers, external environment). Insufficient estimation of
production quality and absence rate caused by behavior
differences will lead to serious deviation of projects.

3.5. Risk management

Using ABM as the main research methodology, the fifth
type of research focuses on risk management. Table 8 lists
the main dimensions of the current study, the sub-objec-
tives of each dimension, and the representative literature.

In the field of risk research in construction manage-
ment, one type of study considered whether a number
of uncertainties could potentially affect the feasibility of
the project. Jo et al. (2015) combined ABM with SD to
build a project feasibility analysis platform. Mostafavi et al.
(2016) applied ABM to simulate and study potential fi-

Table 8. Classification of studies on risk management

nancing strategies for road construction projects at the
feasibility study stage. Raoufi and Fayek (2018) developed
a multi-agent model (FABM) based on the fuzzy logic for
the problem of uncertainty affecting construction quality,
analyzed the interaction and subjective uncertainty be-
tween construction personnel in the construction system,
and verified that the model can effectively improve the
performance appraisal and deal with the subjective un-
certainty in projects. Korb and Sacks (2021) utilized ABM
to examine how applying a different, new, and creative
paradigm to the relationships between general contractors
and subcontractors affects the final outcome of a project.

Risks are complex as they may interact or change
throughout project implementation. Therefore, it is impor-
tant to identify and assess the potential risks of a project
(Taillandier et al., 2015). Karakas et al. (2013) developed an
AB model that is able to allocate risks and associated cost
overruns due to risks among the stakeholders of a con-
struction project in any possible scenario. Taillandier et al.
(2015) studied the complexity caused by the interaction
and changes between risks in the process of construction
projects, evaluated the impacts of risks on projects and
stakeholders through the model, and confirmed that the
model can effectively test risk mitigation strategies. On
this basis, Taillandier et al. (2016) considered that the pre-
vious stochastic multi-agent simulation model was rigid
and could not well describe the process and modeling.
Therefore, a new smacc2 model was developed to better
mitigate the risk of complex construction projects. Asgari
et al. (2016) simulated the market bidding process under
different combinations of risk attitude and pricing behav-
ior, and analyzed that the contractor’s performance is af-
fected by different combinations of work needs and risk
allowances based on fixed pricing under three market en-
vironments. It is concluded that moderate risk attitude and
work needs are the most effective strategies, and extreme
lack of risk aversion and work needs are the most ineffec-
tive decision taken by contractors. Du et al. (2020) pro-
posed an evaluation model for the effect of design change
management to study the risk coordination mechanism of

Objective Main dimensions and codes Sub-objective Representative literature
Risk (1) Feasibility analysis Assess some of the uncertainties and explore their |Jo et al. (2015), Mostafavi et al.
management impact on the success of the project (2016), Raoufi and Fayek (2018),

Korb and Sacks (2021)

(2) Identification of risk
factors

project success

Identify potential risks and utilize the AB model to
mitigate the negative impact of risk interactions on |et al. (2015, 2016), Asgari et al.

Karakas et al. (2013), Taillandier

(2016), Du et al. (2020)
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design change, and to improve project performance and
reduce the risks caused by design changes.

3.6. Sustainable development

Using ABM as the main research methodology, the sixth
type of research focuses on sustainable development. Ta-
ble 9 lists the main dimensions of the current study, the
sub-objectives of each dimension, and the representative
literature.

Effective management of construction waste contrib-
utes to environmental sustainability (Liu et al., 2020a;
Ogunmakinde et al., 2022; Wu et al., 2017). Many research-
ers have applied ABM to explore this issue. For example,
Gan and Cheng (2015) compared the performance of cen-
tralized optimization and distributed agent optimization
models in the context of a complex backfill supply chain,
and concluded that agent-based models are more suitable
for complex research in the backfill process. Ding et al.
(2016) proposed an environmental impact assessment
model to study how environmental performance changes
under the influence of attitudes and the interaction of vari-
ous stakeholders. The findings indicated that deconstruc-
tion methods and oriented design have significant impacts
on demolition waste management. Ding et al. (2020) stud-
ied the environmental effects of the policies generated
by the interaction of stakeholders in the management of
waste renovation and concluded that reducing the sources
of renovation waste is the most effective strategy. Ding
et al. (2021) simulated and quantified the changes in the
data warehouse during the waste treatment process in
Shenzhen, China, and concluded that the deconstruction
method is more effective in reducing construction waste.
Stakeholders and demolition companies should pay more
attention to the improvement of demolition waste man-
agement. Yu et al. (2021) focused on the sustainability
of reusing concrete waste. By combining geographic in-
formation system (GIS) and ABM methods, the authors
studied the dynamic collaboration of stakeholders in the
waste supply chain, and the findings showed that recycled
concrete aggregate information system exists implicitly.

Some studies focus on energy management issues in
the construction industry (especially reducing energy con-
sumption). Liang et al. (2019) evaluated the effectiveness
of various government energy efficiency incentive strate-

Table 9. Classification of studies on sustainable development

gies in reducing energy consumption and found that gov-
ernments can incentivize homeowners by paying special
attention to energy prices. Rosales-Carreon and Garcia-
Diaz (2015) collected stakeholders’ views on near-zero
energy buildings based on innovative theories and quali-
tative methods and analyzed the impacts of knowledge
owned and shared by participants on preventing exces-
sive near-zero energy buildings. Ali et al. (2020) simulated
and analyzed the impacts of behavioral interventions and
environmental interactions on the behavior of the three
types of people for the sustainability of energy-efficient
buildings. The study also explored the impacts of behav-
ior on the performance of energy-efficient buildings. No-
rouziasl et al. (2020) used sensors to predict the sched-
ules of people and their lighting-related behaviors in an
office building and simulated this environment through
ABM, and finally explored effective ways to reduce light-
ing energy consumption. Klein et al. (2012) developed an
AB multi-objective model to improve energy efficiency
by scheduling meetings and controlling building systems
while attempting to improve occupant comfort. Azar et al.
(2016) and Azar and Al Ansari (2017) used ABM to develop
a facility management plan to reduce energy consumption
while improving occupant health and thermal comfort.
Green decisions by stakeholders also drive green and
sustainable development in the construction industry.
Mukherjee and Muga (2010) analyzed the influencing fac-
tors of decision-makers’ adoption and dissemination of
sustainable technologies in the construction engineering
industry, and found that the acceptance of stakeholders
is the key influencing factor. Stephan and Menassa (2015)
studied the impacts of social networks on the decision-
making of various stakeholders on their value. The research
shows that the higher the degree of interaction of social
networks, the more favorable the interaction of stakehold-
ers. Different types of networks have different effects on
the formation of consistency of sustainable renovation
decision-making. Meng et al. (2018b) analyzed the interac-
tion process between customers and manufacturers in the
development of green building products and the changes
in manufacturers’ decisions. The findings indicated that
customers’ financial resources are positively correlated
with manufacturers’ green decisions, and customers have
relatively high requirements for green products. Du et al.

Objective Main dimensions and codes

Sub-objective

Representative literature

(1) Construction waste
management

Sustainable
development

Effective disposal of construction
waste for environmental sustainability

Gan and Cheng (2015), Ding et al. (2016,
2020, 2021), Yu et al. (2021)

(2) Construction energy
consumption

Reducing energy consumption and
promoting environmental sustainability | Garcia-Diaz (2015), Azar et al. (2016), Azar

Klein et al. (2012), Rosales-Carreon and

and Al Ansari (2017), Liang et al. (2019), Ali
et al. (2020), Norouziasl et al. (2020)

(3) Green decision-making

Some of the green choice preferences
of stakeholders will drive the
development of green buildings

Mukherjee and Muga (2010), Stephan and
Menassa (2015), Meng et al. (2018b), Du
et al. (2023)




(2023) investigated the effectiveness of PC strategies by
introducing different cost reduction scenarios in the model
to assess the effectiveness of different prefabricated con-
struction (PC) policies with respect to the sustainability of
decision making in the construction industry.

3.7. Coordination of multi-party relationships

There are many project parties involved into the operation
of projects, and coordination is needed in order to man-
age their relationships and ensure that the goals of proj-
ects are achieved. Coordination is a certain organizational
means and method to dredge relationships and remove
the interference and obstacles within projects. The use of
ABM methodology during the operation of a construction
project can be a good way to regulate the relationships
between multiple parties so as to achieve the pre-deter-
mined goals of projects. Current research has explored co-
ordination from three main perspectives, which is shown
in Table 10.

Some researchers have explored the coordination be-
tween organizations and the external environment by us-
ing the ABM method. Ke (2018) modeled and analyzed
the evolutionary process of the transition from traditional
migrant workers to industrial standardized workers in
China in response to the coordination problem of engi-
neering construction worker shortage. Liang et al. (2019)
addressed the coordination problem of policy effective-
ness by analyzing the impacts of incentive policies on the
decision-making behavior of different owners and opti-
mized three incentive policies on the platform. The study
concluded that the agent-based policy works best. Singto
et al. (2021) addressed the coordination of conflicting in-
terests related to the construction of reservoir projects,
simulated the process of the impacts of project construc-
tion on related farmers and the environment under the
compensation strategy, and assessed ex-ante the income
and satisfaction of farmers under different conditions
through the model. Araya (2022) showed that multi-skilled
workers as an alternative to the ongoing pandemic can
optimize the progress of construction projects and labor
shortages by quantifying the impact of multi-skilled work-
ers on construction sites in the context of the pandemic.

Some researchers have explored coordination among
project participating units (stakeholders) using the ABM
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method. Kim and Paulson (2003) proposed a new agent-
based compensation negotiation method to facilitate “dis-
tributed coordination of project schedule changes (DCPSC)”,
in which a project can be dynamically rescheduled through
the negotiation of all relevant subcontractors. Awwad et al.
(2015) used an Anylogic simulation platform to simulate
and analyze the impacts of the interaction between con-
tractors in different construction bidding environments on
contractors’ bidding decisions, market equilibrium, and
performance. The study also clarified the impacts of risk
factors (such as risky behavior, risk attitudes) on the price
increase strategies. Jo et al. (2015) analyzed the sudden
and heterogeneous behavior of stakeholders for the dy-
namic coordination of project investments to explore the
dynamic feasibility issues regarding the project and the
practicality of the approach. Meng et al. (2018a) focused
on the coordination of objectives in projects. The study
simulated and studied the impacts of three types of fair
preferences of contractors on project negotiation effect
and negotiation income, and the findings indicated that
different sympathy coefficients and jealousy coefficients
have different effects on income sharing coefficients.
Su (2020) analyzed the decision-making process among
construction waste recycling process stakeholders and
the elements affecting the coordination of strategies. On
this basis, the authors proposed a tripartite subject game
model. Hussein et al. (2022) investigated the impact of de-
cision making on the performance of modular integrated
construction supply chains (MIC-SC) in terms of duration,
cost and emissions, and the coordination between these
performance indicators.

In addition, several other researchers have explored
the coordination between relationships within participat-
ing units using the ABM method. Son and Rojas (2011)
explored the organization and coordination of temporary
teams in construction. Based on the game theory and
social networks, the authors simulated the evolution of
collaboration among members of a construction project
team. The research results showed that the efficiency of a
collaborative network is affected by the establishment of
the relationships between employees. Ahn and Lee (2015)
explored the coordination of worker behavior and con-
struction project performance. Based on questionnaires,
the authors analyzed the influences of social norms on the
group behavior of workers in construction projects and

Table 10. Classification of studies on coordination of multi-party relationships

Objective Main dimensions and codes

Representative literature

Coordination
of multi-party

relationships factors of production, etc.)

(1) Coordination between the organization and the external
environment (e.g. coordination with policies, resources,

Ke (2018), Liang et al. (2019), Singto et al. (2021),
Araya (2022)

(2) Coordination among project participants (e.g., coordination
between owners, contractors, subcontractors, etc.)

Kim and Paulson (2003), Awwad et al. (2015),
Jo et al. (2015), Meng et al. (2018a), Su (2020),
Hussein et al. (2022)

(3) Coordination within participating units (e.g. coordination
between project departments, personnel, etc.)

Son and Rojas (2011), Ahn and Lee (2015),
Mahjoubpour et al. (2018), Kedir et al. (2020),
Akcay and Arditi (2022)
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verified that the model can effectively improve worker be-
havior. Mahjoubpour et al. (2018) simulated and analyzed
the influence of factors such as interaction and character-
istics among employees of construction workers’ learning
behavior and the change of employees’ working ability in
the process. The research findings showed that the model
helps to coordinate the relationships between learning
behavior and performance in projects. Kedir et al. (2020)
constructed the Multi-Criteria Decision Making (MCDM)
and Fuzzy Agent-Based Modeling (FABM) decision-making
models that help to improve the decision-making process
in construction and help construction practitioners to
adopt economically viable strategies to improve the mo-
tivation and performance of construction workers. Akcay
and Arditi (2022) addressed the issues of liability identifi-
cation and compensation coordination in construction ac-
cidents, and modeled the role relationship between work-
ers and employers to quantify the negotiation of liability
between the parties in an accident.

4. Discussion

On the basis of reviewing relevant literature, it was found
that the application of the ABM method in the field of
construction management is becoming increasingly popu-
lar. These studies can be linked to one of the construc-
tion management objectives. A close examination of these
studies found that the historical research mainly focuses
on the fields of construction safety, time, sustainability, and
coordination. Few researchers are involved in the fields of
cost, quality and risk, and therefore these three fields still
need to be further explored in the future. Although it was
recognized the contribution of using the ABM method in
various sub-fields of engineering management, the re-
search in these fields still has certain challenges. This sec-
tion will discuss some common problems in the research,
and propose potential and reasonable solutions to them.

4.1. Challenges and limitations

ABM has its advantages in portraying the intelligent deci-
sion-making, behavior evolution of heterogeneous agents,
and macro emergence phenomena caused by interactions
between agents. It also shows strong vitality in the ap-
plication research of construction management. However,
there are still some factors that hinder the further develop-
ment of ABM method and reduce the effectiveness of the
research method.

First of all, the experimental data used and the ini-
tial parameters set by researchers in developing the ABM
model are mostly derived from self-recognition and em-
pirical understanding of complex systems construction,
and empirical data is rarely used to verify the accuracy of
the simulation model (Ye et al., 2020). Such empirical data
and insights will change due to factors such as different
researchers or different types of projects, which will cause
the results failing to meet the needs of different projects
and the generality and effectiveness of the conclusions will
also be weak. Meanwhile, the verification techniques (e.g.,

sensitivity analysis and factorial analysis) are insufficiently
applied in the model validity verification, which results in
the inability to fully study and consider the effects of data
representation parameters and the interaction between
different input parameters (Ding et al.,, 2016).

Second, when researching certain problems in the
construction field, some unstructured factors may not be
considered in the model. Nevertheless, these factors are
essential for understanding and solving the problem. Al-
though the model is a simplification of reality, the abil-
ity of research to guide reality will be insufficient or the
research will be far from reality if some key factors are
not taken into consideration. For example, when explor-
ing the safety climate, it is difficult to estimate the intan-
gible costs of employee morale and productivity loss, and
employee turnover (Awwad et al., 2017). Some literature
modelled the interactive behavior characteristics of agents,
and rarely modelled other agent characteristics. Collective
phenomena resulting from individual behavioral attributes
are rarely highlighted in this literature. It means that the
behavior rules or models between the subjects of the ex-
periment in a simulated environment are relatively simple
compared to the various connections in the actual produc-
tion process, and their true complexity cannot be reached
(Cheng et al., 2021). In addition, the subject’s active be-
havior in the model is still in the reactive stage, and it has
a low level of adaptability and learning ability (Ji et al.,
2019). Moreover, its intelligence is far away from the level
of people in real situations.

Finally, the scale of construction of major projects in
countries around the world is increasing. Compared with
general projects, the characteristics of major projects (e.g.,
wide area, complex natural environment, instability of
project decision-making, large scale, and many types of
construction subject groups) lead to the high complexity
of construction management. Therefore, the research on
the complexity of major construction management is be-
coming the mainstream (Sheng, 2018). However, the scale
of the current ABM model cannot meet the requirements
of complexity in real-world scenarios.

4.2. Future directions

In summary, to further promote the effective use of ABM
in the construction management research, various im-
provements should be made.

(1) Data used by the model

Since actual data are difficult to obtain or cannot be meas-
ured, most of the current experiments or most of the data
settings in the experiment are mainly derived from the
researcher’s hypothesis, empirical data, or borrowing from
other literature and other channels. However, this may
cause the initial value of the experiment to be far away
from the actual value, or it is only applicable to a single
project and has limited value for other projects. Therefore,
researchers should work closely with the government, con-
struction companies, or corresponding practitioners to an-



alyze the collected actual or real-time data through tech-
nologies such as the big data analysis, cloud computing,
and the global information system technology. This will
provide information driving force for the hypothetical vari-
ables in the model and improve the fit between the model
and the actual results. In terms of the validity verification
of the model, researchers can not only use the verification
techniques such as robustness analysis, sensitivity analysis,
and structural validation to verify, but also consider the
reference of real case studies or the feedback of expert
judgments to further improve the authenticity and cred-
ibility. In addition, the data obtained from questionnaires
and event-related potential experiments can also be used
to test models to a certain extent.

(2) Intelligence of the agent

In the face of increasingly complex construction projects
in practice, the learning, intelligence, adaptability of the
agent in the model and the interaction mechanism be-
tween different agents, it is difficult to effectively portray
the complexity of the system in reality. Therefore, when
building a multi-agent model, researchers should integrate
the theories and methods of various disciplines (e.g., social
network analysis, machine learning, game theory, artificial
intelligence, big data) to further improve the agent'’s intel-
ligent decision-making ability and the ability of the model
to depict the complexity of reality.

(3) Scope of ABM applied research

As the scale of major construction projects increases, the
ABM technology will gradually be more integrated with
major construction management complexity research in
future research. The complexity of major projects is mani-
fested in several aspects, such as the complexity caused by
the openness of the environment, the complexity caused
by the diversity of the subject, the complexity caused
by the correlation of elements, and the complexity of
the system structure. Besides the existence of complex-
ity, major projects also involve a lot of uncertainties (e.g.,
probabilistic and subjective uncertainties). Therefore, the
ABM technology itself (e.g., the comprehensiveness of the
model, the intelligence of the agent) urgently needs to
be improved through effective methods (e.g.,, computer
technologies, interdisciplinary integration, fuzzy logic). To
provide effective scientific guidance for major construc-
tion practices, there is a need to establish more complex,
larger-scale, and more computationally capable models.

5. Conclusions

As an important factor affecting the sustainable develop-
ment of the society, engineering construction is asking for
higher requirements for construction management. The
level of management will directly influence the achieve-
ment of multiple objectives and performance. However,
due to the increase in the scale and complexity of engi-
neering construction projects, construction management is
facing many complex challenges. To clarify the mechanism
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of construction system complexity and improve the ability
to control the complexity of construction management,
scholars have used the ABM method in the research field
of construction management.

Currently, as there is limited literature summarizing
the application status of the ABM method in construction
management research, a systematic and holistic under-
standing of this research field is still lacking. Therefore,
this paper searched and reviewed 133 relevant literature
sources retrieved from the WOS database. Based on the
multi-objectives involved in the engineering construction
process as the literature classification framework, this pa-
per depicts the research status in the studied field. The
CiteSpace mapping software was used to analyze the
keywords co-occurrence, cluster and keywords burst de-
tection diagram of these documents, which helps to clearly
show the trends in this field. On this basis, the study sug-
gested the application and improvement paths of this
method from three aspects, including the scientific and va-
lidity of data, the intelligence of agents in the model, and
the scale of the constructed model. The study provides a
theoretical basis for strengthening the effectiveness and
universality of the ABM method in the construction man-
agement research.

There are still some limitations in this study. First of all,
the WOS database was adopted in this study. Although
WOS has a relatively comprehensive range of world-class
academic journals, books and conference proceedings,
there is still a possibility that some relevant studies were
not included in this review. Secondly, although some indi-
cators were used to depict the existing relevant literature
on using the ABM method in the construction manage-
ment research, there are still some indicators that are not
included in the study. On the basis of the multi-objective
classification framework, there are some classifications that
involve very little literature. Therefore, the study does not
include them in the framework of the analysis.

Acknowledgements

The authors would like to thank the anonymous reviewers
for their invaluable and constructive comments.

Funding

This work was supported by the <National Natural Science
Foundation of China> under Grant [72071096, 71971100];
and the <Postgraduate Research & Practice Innovation
Program of Jiangsu Province> under Grant [KYCX23_3793].

Author contributions

Wenyao Liu, Qingfeng Meng and Hanhao Zhi conceived
the study and were responsible for the design the overall
logical framework. Wenyao Liu, Hanhao Zhi and Xin Hu
were responsible for literature collection and bibliometric
analysis. Wenyao Liu, Qingfeng Meng and Zhen Li were
responsible for the distillation of the core content of the
literature. Wenyao Liu wrote the first draft of the article.



Journal of Civil Engineering and Management, 2024, 30(3), 200-219

Disclosure statement

No potential conflict of interest was reported by the au-
thors.

References

Agarwal, R, Chandrasekaran, S., & Sridhar, M. (2016). Imagining
construction’s digital future. McKinsey & Company. https://
www.mckinsey.com/capabilities/operations/our-insights/im-
agining-constructions-digital-future

Ahn, S., & Lee, S. (2015). Methodology for creating empirically sup-
ported agent-based simulation with survey data for studying
group behavior of construction workers. Journal of Construc-
tion Engineering and Management, 141(1), Article 04014065.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000918

Ahn, S., Lee, S., & Steel, R. P. (2013). Effects of workers’ social
learning: Focusing on absence behavior. Journal of Construc-
tion Engineering and Management, 139(8), 1015-1025.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000680

Akcay, E. C,, & Arditi, D. (2022). Predicting employer and worker
responsibilities in accidents that involve falls in building con-
struction sites. Buildings, 12(4), Article 464.
https://doi.org/10.3390/buildings12040464

Ali, Q, Thaheem, M. J,, Ullah, F., & Sepasgozar, S. M. E. (2020). The
performance gap in energy-efficient office buildings: How the
occupants can help?. Energies, 13(6), Article 1480.
https://doi.org/10.3390/en13061480

AlRyalat, S. A. S, Malkawi, L. W., & Momani, S. M. (2019). Com-
paring bibliometric analysis using PubMed, Scopus, and Web
of Science databases. Journal of Visualized Experiments, 152,
Article €58494. https://doi.org/10.3791/58494

Araya, F. (2020). Modelacién basada en agentes [Agent based
modeling]. Revista Ingenieria de Construccién, 35(2), 111-118.
https://doi.org/10.4067/50718-50732020000200111

Araya, F. (2021). Modeling the spread of COVID-19 on construc-
tion workers: An agent-based approach. Safety Science, 133,
Article 105022. https://doi.org/10.1016/j.ssci.2020.105022

Araya, F. (2022). Modeling the influence of multiskilled construc-
tion workers in the context of the covid-19 pandemic using
an agent-based approach. Revista De La Construccion, 27(1),
105-117. https://doi.org/10.7764/rdlc.21.1.105

Arteaga, C., & Park, J. (2020). Building design and its effect on
evacuation efficiency and casualty levels during an indoor
active shooter incident. Safety Science, 127, Article 104692.
https://doi.org/10.1016/j.ssci.2020.104692

Asgari, S., Awwad, R, Kandil, A, & Odeh, I. (2016). Impact of con-
sidering need for work and risk on performance of construc-
tion contractors: An agent-based approach. Automation in
Construction, 65, 9-20.
https://doi.org/10.1016/j.autcon.2016.01.004

Awwad, R, & Ammoury, M. (2019). Owner's perspective on evo-
lution of bid prices under various price-driven bid selection
methods. Journal of Computing in Civil Engineering, 33(2), Ar-
ticle 04018061.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000803

Awwad, R., Asgari, S., & Kandil, A. (2015). Developing a virtual
laboratory for construction bidding environment using Agent-
Based Modeling. Journal of Computing in Civil Engineering,
29(6), Article 04014105.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000440

Awwad, R, Shdid, C. A, & Tayeh, R. (2017). Agent-based model
for simulating construction safety climate in a market environ-
ment. Journal of Computing in Civil Engineering, 31(1), Article
05016003.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000612

Azar, E., & Al Ansari, H. (2017). Multilayer agent-based modeling
and social network framework to evaluate energy feedback
methods for groups of buildings. Journal of Computing in Civil
Engineering, 31(4), Article 04017007.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000651

Azar, E., Nikolopoulou, C., & Papadopoulos, S. (2016). Integrating
and optimizing metrics of sustainable building performance
using human-focused agent-based modeling. Applied Energy,
183, 926-937. https://doi.org/10.1016/j.apenergy.2016.09.022

Ben-Alon, L., & Sacks, R. (2017). Simulating the behavior of trade
crews in construction using agents and building information
modeling. Automation in Construction, 74, 12-27.
https://doi.org/10.1016/j.autcon.2016.11.002

Carbo, J., Sanchez-Pi, N, & Molina, J. M. (2018). Agent-based
simulation with NetLogo to evaluate ambient intelligence sce-
narios. Journal of Simulation, 12(1), 42-52.
https://doi.org/10.1057/j0s.2016.10

Chen, C. (2017). Science mapping: a systematic review of the lit-
erature. Journal of Data Information Science, 2(2), 1-40.
https://doi.org/10.1515/jdis-2017-0006

Chen, C, Lou, Y., Li, X.-Y,, Lv, Z.-T., Zhang, L.-Q., & Mao, W. (2020).
Mapping current research and identifying hotspots on mesen-
chymal stem cells in cardiovascular disease. Stem Cell Research
& Therapy, 11(1), Article 498.
https://doi.org/10.1186/s13287-020-02009-7

Cheng, L., Guo, H., & Lin, H. (2021). Evolutionary model of coal
mine safety system based on multi-agent modeling. Process
Safety and Environmental Protection, 147, 1193-1200.
https://doi.org/10.1016/j.psep.2021.01.046

Choi, B., & Lee, S. (2018). An empirically based agent-based model
of the sociocognitive process of construction workers' safety
behavior. Journal of Construction Engineering and Manage-
ment, 144(2), Article 04017102.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001421

Dabirian, S., Khanzadi, M., & Moussazadeh, M. (2016). Predicting
labor costs in construction projects using agent-based mod-
eling and simulation. Scientia Iranica, 23(1), 91-101.
https://doi.org/10.24200/sci.2016.2100

Dang, Q, Luo, Z,, Ouyang, C, & Wang, L. (2021). First systematic
review on health communication using the CiteSpace Software
in China: Exploring its research hotspots and frontiers. Inter-
national Journal of Environmental Research and Public Health,
18(24), Article 13008. https://doi.org/10.3390/ijerph182413008

Ding, Z., Wang, Y., & Zou, P. X. W. (2016). An agent based en-
vironmental impact assessment of building demolition waste
management: Conventional versus green management. Journal
of Cleaner Production, 133, 1136-1153.
https://doi.org/10.1016/j.jclepro.2016.06.054

Ding, Z, Gong, W., Fan, Z, Tam, V. W. Y., & lllankoon, I. M. C. S.
(2020). Agent-based modelling for environmental impact of
renovation waste in Shenzhen, China. Proceedings of the In-
stitution of Civil Engineers-Engineering Sustainability, 173(8),
397-413. https://doi.org/10.1680/jensu.19.00040

Ding, Z, Liu, R, Wang, Y., Tam, V. W. Y, & Ma, M. (2021). An
agent-based model approach for urban demolition waste
quantification and a management framework for stakehold-
ers. Journal of Cleaner Production, 285, Article 124897.
https://doi.org/10.1016/j.jclepro.2020.124897



Du, J., & El-Gafy, M. (2012). Virtual organizational imitation for
construction enterprises: Agent-based simulation framework
for exploring human and organizational implications in con-
struction management. Journal of Computing in Civil Engineer-
ing, 26(3), 282-297.
https://doi.org/10.1061/(asce)cp.1943-5487.0000122

Du, J., & El-Gafy, M. (2015). Using agent-based modeling to inves-
tigate goal incongruence issues in proposal development: Case
study of an EPC project. Journal of Management in Engineering,
31(6), Article 5014025.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000343

Du, J., Jing, H., Castro-Lacouture, D., & Sugumaran, V. (2020).
Multi-agent simulation for managing design changes in pre-
fabricated construction projects. Engineering, Construction and
Architectural Management, 27(1), 270-295.
https://doi.org/10.1108/ecam-11-2018-0524

Du, H., Han, Q, Sun, J, & Wang, C. C. (2023). Adoptions of pre-
fabrication in residential sector in China: Agent-based policy
option exploration. Engineering, Construction and Architectural
Management, 30(4), 1697-1725.
https://doi.org/10.1108/ecam-04-2021-0330

Falcone, R, & Sapienza, A. (2023). An agent-based model to as-
sess citizens' acceptance of COVID-19 restrictions. Journal of
Simulation, 17(1), 105-119.
https://doi.org/10.1080/17477778.2021.1965501

Farshchian, M. M., & Heravi, G. (2018). Probabilistic assessment
of cost, time, and revenue in a portfolio of projects using sto-
chastic agent-based simulation. Journal of Construction Engi-
neering and Management, 144(5), Article 04018028.
https://doi.org/10.1061/(ASCE)C0O.1943-7862.0001476

Farshchian, M. M., Heravi, G., & AbouRizk, S. (2017). Optimizing
the owner’s scenarios for budget al.ocation in a portfolio of
projects using agent-based simulation. Journal of Construc-
tion Engineering and Management, 143(7), Article 04017022.
https://doi.org/10.1061/(ASCE)C0O.1943-7862.0001315

Gan, V. J. L, & Cheng, J. C. P. (2015). Formulation and analysis of
dynamic supply chain of backfill in construction waste man-
agement using agent-based modeling. Advanced Engineering
Informatics, 29(4), 878-888.
https://doi.org/10.1016/j.aei.2015.01.004

Geng, Y., Zhu, R, & Maimaituerxun, M. (2022). Bibliometric re-
view of carbon neutrality with CiteSpace: evolution, trends,
and framework. Environmental Science and Pollution Research,
29(51), 76668-76686.
https://doi.org/10.1007/s11356-022-23283-3

Goh, Y. M., & Ali, M. J. A. (2016). A hybrid simulation approach
for integrating safety behavior into construction planning: An
earthmoving case study. Accident Analysis and Prevention, 93,
310-318. https://doi.org/10.1016/j.aap.2015.09.015

Ha, V., & Lykotrafitis, G. (2012). Agent-based modeling of a multi-
room multi-floor building emergency evacuation. Physica A:
Statistical Mechanics and Its Applications, 391(8), 2740-2751.
https://doi.org/10.1016/j.physa.2011.12.034

He, C. Jia, G, McCabe, B., Chen, Y., Zhang, P., & Sun, J. (2023).
Psychological decision-making process of construction worker
safety behavior: an agent-based simulation approach. Inter-
national Journal of Occupational Safety and Ergonomics, 29(1),
141-153. https://doi.org/10.1080/10803548.2021.2022351

Huang, S., & Liu, H. (2021). Impact of COVID-19 on stock price
crash risk: Evidence from Chinese energy firms. Energy Eco-
nomics, 107, Article 105431.
https://doi.org/10.1016/j.eneco.2021.105431

Hussein, M., Darko, A., Eltoukhy, A. E. E, & Zayed, T. (2022). Sus-
tainable logistics planning in modular integrated construction

W. Liu et al. A review of agent-based modeling in construction management: an analytical framework based on multiple objectives

using multimethod simulation and Taguchi approach. Journal
of Construction Engineering and Management, 148(6), Article
04022022.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002273

Ji, T., Wei, H.-H., & Cheng, J. (2019). Understanding the effect of
co-worker support on construction safety performance from
the perspective of risk theory: an agent-based modeling ap-
proac. Journal of Civil Engineering and Management, 25(2),
132-144. https://doi.org/10.3846/jcem.2019.7642

Jo, H., Lee, H, Suh, Y., Kim, J., & Park, Y. (2015). A dynamic fea-
sibility analysis of public investment projects: An integrated
approach using system dynamics and agent-based modeling.
International Journal of Project Management, 33(8), 1863-1876.
https://doi.org/10.1016/j.ijproman.2015.07.002

Jung, M., Park, M., Lee, H.-S,, & Chi, S. (2018). Multimethod sup-
ply chain aimulation model for high-rise building construc-
tion projects. Journal of Computing in Civil Engineering, 32(3),
Article 04018007.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000751

Karakas, K., Dikmen, I., & Birgonul, M. T. (2013). Multiagent system
to simulate risk-allocation and cost-sharing processes in con-
struction projects. Journal of Computing in Civil Engineering,
27(3), 307-319.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000218

Ke, Y. (2018). Research on the Chinese industrialized construction
migrant workers from the perspective of complex adaptive
system: Combining the application of SWARM computer simu-
lation technology. Wireless Personal Communications, 102(4),
2469-2481. https://doi.org/10.1007/s11277-018-5266-8

Kedir, N. S., Raoufi, M., & Fayek, A. R. (2020). Fuzzy agent-based
multicriteria decision-making model for analyzing construc-
tion crew performance. Journal of Management in Engineering,
36(5), Article 04020053.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000815

Khodabandelu, A., Park, J., & Arteaga, C. (2020). Crane operation
planning in overlapping areas through dynamic supply selec-
tion. Automation in Construction, 117, Article 103253.
https://doi.org/10.1016/j.autcon.2020.103253

Kim, K., & Paulson, B. C. (2003). Agent-based compensatory ne-
gotiation methodology to facilitate distributed coordination of
project schedule changes. Journal of Computing in Civil Engi-
neering, 17(1), 10-18.
https://doi.org/10.1061/(ASCE)0887-3801(2003)17:1(10)

Kiomjian, D., Srour, I, & Srour, F. J. (2020). Knowledge sharing
and productivity improvement: An agent-based modeling ap-
proach. Journal of Construction Engineering and Management,
146(7), Article 04020076.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001866

Klein, L., Kwak, J.-y., Kavulya, G., Jazizadeh, F., Becerik-Gerber, B,
Varakantham, P., & Tambe, M. (2012). Coordinating occupant
behavior for building energy and comfort management using
multi-agent systems. Automation in Construction, 22, 525-536.
https://doi.org/10.1016/j.autcon.2011.11.012

Knight, V. A., Williams, J. E., & Reynolds, I. (2012). Modelling pa-
tient choice in healthcare systems: Development and applica-
tion of a discrete event simulation with agent-based decision
making. Journal of Simulation, 6(2), 92-102.
https://doi.org/10.1057/jos.2011.21

Korb, S., & Sacks, R. (2021). Agent-based simulation of general
contractor-subcontractor interactions in a multiproject envi-
ronment. Journal of Construction Engineering and Manage-
ment, 147(1), Article 04020151.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001944



Journal of Civil Engineering and Management, 2024, 30(3), 200-219

Lee, J., & Bernold, L. E. (2008). Ubiquitous agent-based communi-
cation in construction. Journal of Computing in Civil Engineer-
ing, 22(1), 31-39.
https://doi.org/10.1061/(ASCE)0887-3801(2008)22:1(31))

Li, Z., & Xu, W. (2020). Pedestrian evacuation within limited-space
buildings based on different exit design schemes. Safety Sci-
ence, 124, Article 104575.
https://doi.org/10.1016/j.ssci.2019.104575

Li, Z, Lv, X. F,, Zhu, H. M., & Sheng, Z. H. (2018). Analysis of com-
plexity of unsafe behavior in construction teams and a multia-
gent simulation. Complexity, 15, Article 6568719.
https://doi.org/10.1155/2018/6568719

Li, Z, Mao, R, Meng, Q. F,, Hu, X, & Li, H. X. (2021a). Exploring
precursors of construction accidents in China: A grounded the-
ory approach. International Journal of Environmental Research
and Public Health, 18(2), Article 410.
https://doi.org/10.3390/ijerph18020410

Li, Z, Zhang, S. W., Meng, Q. F., & Hu, X. (2021b). Barriers to
the development of prefabricated buildings in China: a news
coverage analysis. Engineering, Construction and Architectural
Management, 28(10), 2884-2903.
https://doi.org/10.1108/ecam-03-2020-0195

Li, Z, Jin, Y., Li, W, Meng, Q., & Hu, X. (2022). Impacts of COVID-19
on construction project management: a life cycle perspective.
Engineering, Construction and Architectural Management, 30(8),
3357-3389. https://doi.org/10.1108/ecam-10-2021-0873

Liang, H., & Lin, K.-Y. (2019). A hybrid simulation approach for
understanding the social contagion effect of safety violations
within the construction crew. In ASCE International Conference
on Computing in Civil Engineering (i3CE), Georgia Institute of
Technology, Atlanta, Georgia, USA.
https://doi.org/10.1061/9780784482421.065

Liang, H., Lin, K.-Y., & Zhang, S. (2018). Understanding the social
contagion effect of safety violations within a construction crew:
A hybrid approach using system dynamics and agent-based
modeling. International Journal of Environmental Research and
Public Health, 15(12), Article 2696.
https://doi.org/10.3390/ijerph15122696

Liang, X, Yu, T., Hong, J., & Shen, G. Q. (2019). Making incentive
policies more effective: An agent-based model for energy-
efficiency retrofit in China. Energy Policy, 126, 177-189.
https://doi.org/10.1016/j.enpol.2018.11.029

Liang, H., Zhang, S., & Su, Y. (2020). The structure and emerging
trends of construction safety management research: a biblio-
metric review. International Journal of Occupational Safety and
Ergonomics, 26(3), 469-488.
https://doi.org/10.1080/10803548.2018.1444565

Lin, J, Ling, F,, Huang, P., Chen, M., Song, M., Lu, K., & Wang, W.
(2022). The development of GABAergic network in depression
in recent 17 years: A visual analysis based on CiteSpace and
VOSviewer. Frontiers in Psychiatry, 13, Article 874137.
https://doi.org/10.3389/fpsyt.2022.874137

Liu, J. K, Yi, Y. Q, & Wang, X. T. (2020a). Exploring factors in-
fluencing construction waste reduction: A structural equation
modeling approach. Journal of Cleaner Production, 276, Article
123185. https://doi.org/10.1016/j jclepro.2020.123185

Liu, Y., Li, Q, Li, W,, Li, H., & Pei, X. (2020b). Safety assessment of
all-steel-type attached lifting scaffold based on grey Euclidean
theory. Plos ONE, 15(8), Article e0238074.
https://doi.org/10.1371/journal.pone.0238074

Liu, W. Y, Meng, Q. F., Li, Z, & Hu, X. (2021). Applications of com-
puter vision in monitoring the unsafe behavior of construction
workers: Current status and challenges. Buildings, 11(9), Article
409. https://doi.org/10.3390/buildings11090409

217

Lu, M., Cheung, C. M,, Li, H., & Hsu, S.-C. (2016). Understanding
the relationship between safety investment and safety perfor-
mance of construction projects through agent-based mod-
eling. Accident Analysis and Prevention, 94, 8-17.
https://doi.org/10.1016/j.aap.2016.05.014

Lu, H., Qi, J., Li, J, Xie, Y., Xu, G.,, & Wang, H. (2020). Multi-agent
based safety computational experiment system for shield tun-
neling projects. Engineering, Construction and Architectural
Management, 27(8), 1963-1991.
https://doi.org/10.1108/ecam-12-2019-0726

Mahjoubpour, B., Nasirzadeh, F., Golabchi, M. M. H. Z., Khaje-
hghiasi, M. R., & Mir, M. (2018). Modeling of workers’ learning
behavior in construction projects using agent-based approach:
The case study of a steel structure project. Engineering, Con-
struction and Architectural Management, 25(4), 559-573.
https://doi.org/10.1108/ECAM-07-2016-0166

Manley, M., & Kim, Y. S. (2012). Modeling emergency evacuation
of individuals with disabilities (exitus): An agent-based pub-
lic decision support system. Expert Systems with Applications,
39(9), 8300-8311. https://doi.org/10.1016/j.eswa.2012.01.169

Marzouk, M., & Ali, H. (2013). Modeling safety considerations and
space limitations in piling operations using agent based simu-
lation. Expert Systems with Applications, 40(12), 4848-4857.
https://doi.org/10.1016/j.eswa.2013.02.021

Matejevic, B., Zlatanovic, M., & Cvetkovic, D. (2018). The simula-
tion model for predicting the productivity of the reinforced
concrete slabs concreting process. Tehnicki Vjesnik-Technical
Gazette, 25(6), 1672-1679.
https://doi.org/10.17559/tv-20170627195003

Meng, Q., Chen, J., & Qian, K. (2018a). The complexity and simu-
lation of revenue sharing negotiation based on construction
stakeholders. Complexity, Article 5698170.
https://doi.org/10.1155/2018/5698170

Meng, Q, Zhu, H,, Li, Z, Du, J,, Wang, X., & Kim, M. J. (2018b). How
green building product decisions from customers can be tran-
sitioned to manufacturers: An agent-based model. Sustainabil-
ity, 70(11), Article 3977. https://doi.org/10.3390/su10113977

Meng, Q. Li, Z, Du, J, Liu, H, & Ding, X. (2019). Negotiation
for time optimization in construction projects with competi-
tive and social welfare preferences. Complexity, 2019, Article
3269025. https://doi.org/10.1155/2019/3269025

Meng, Q. Zhang, Y., Li, Z,, Shi, W,, Wang, J,, Sun, Y, Xu, L, &
Wang, X. (2020). A review of integrated applications of BIM
and related technologies in whole building life cycle. Engineer-
ing, Construction and Architectural Management, 27(8), 1647—
1677. https://doi.org/10.1108/ecam-09-2019-0511

Meng, Q. Li, M., Liu, W., Li, Z,, & Zhang, J. (2021a). Pricing policies
of dual-channel green supply chain: Considering government
subsidies and consumers' dual preferences. Sustainable Pro-
duction and Consumption, 26, 1021-1030.
https://doi.org/10.1016/j.spc.2021.01.012

Meng, Q. F., Liu, W. Y., Li, Z, & Hu, X. (2021b). Influencing factors,
mechanism and prevention of construction workers’ unsafe
behaviors: A systematic literature review. International Jour-
nal of Environmental Research and Public Health, 18(5), Article
2644. https://doi.org/10.3390/ijerph18052644

Min, J. U.,, & Bjomsson, H. C. (2008). Agent-based construction
supply chain simulator (CS2) for measuring the value of real-
time information sharing in construction. Journal of Manage-
ment in Engineering, 24(4), 245-254.
https://doi.org/10.1061/(ASCE)0742-597x(2008)24:4(245)

Mirahadi, F., McCabe, B., & Shahi, A. (2019). IFC-centric perfor-
mance-based evaluation of building evacuations using fire



dynamics simulation and agent-based modeling. Automation
in Construction, 101, 1-16.
https://doi.org/10.1016/j.autcon.2019.01.007

Mohan, D. |, Verma, A., & Rao, S. (2023). Modelling prejudice and
its effect on societal prosperity. Journal of Simulation, 17(6),
647-657. https://doi.org/10.1080/17477778.2022.2039570

Moher, D, Liberati, A, Tetzlaff, J, Altman, D. G, & Grp, P. (2009).
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. British Medical Journal, 339,
Article b2535. https://doi.org/10.1136/bmj.b2535

Monks, T., Currie, C. S. M., Onggo, B. S., Robinson, S., Kunc, M., &
Taylor, S. J. E. (2019). Strengthening the reporting of empirical
simulation studies: Introducing the STRESS guidelines. Journal
of Simulation, 13(1), 55-67.
https://doi.org/10.1080/17477778.2018.1442155

Mostafavi, A., Abraham, D., DelLaurentis, D., Sinfield, J., Kandil, A,
& Queiroz, C. (2016). Agent-based simulation model for as-
sessment of financing scenarios in highway transportation in-
frastructure systems. Journal of Computing in Civil Engineering,
30(2), Article 04015012.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000482

Mukherjee, A, & Muga, H. (2010). An integrative framework for
studying sustainable practices and its adoption in the AEC in-
dustry: A case study. Journal of Engineering and Technology
Management, 27(3-4), 197-214.
https://doi.org/10.1016/j.jengtecman.2010.06.006

Naili, M., Bourahla, M., & Naili, M. (2019). Stability-based model
for evacuation system using agent-based social simulation and
Monte Carlo method. International Journal of Simulation Pro-
cess Modelling, 14(1), 1-16.
https://doi.org/10.1504/1JSPM.2019.097702

Naticchia, B., Carbonari, A., Vaccarini, M., & Giorgi, R. (2019). Hol-
onic execution system for real-time construction management.
Automation in Construction, 104, 179-196.
https://doi.org/10.1016/j.autcon.2019.04.018

Norouziasl, S., Jafari, A, & Wang, C. (2020). An agent-based simu-
lation of occupancy schedule in office buildings. Building and
Environment, 186, Article 107352.
https://doi.org/10.1016/j.buildenv.2020.107352

Obonyo, E., Anumba, C., & Thorpe, T. (2005). APRON: an agent-
based specification and procurement system for construction
products. Engineering, Construction and Architectural Manage-
ment, 12(4), 329-350.
https://doi.org/10.1108/09699980510608802

Ogunmakinde, O. E., Egbelakin, T., & Sher, W. (2022). Contribu-
tions of the circular economy to the UN sustainable develop-
ment goals through sustainable construction. Resources Con-
servation and Recycling, 178, Article 106023.
https://doi.org/10.1016/j.resconrec.2021.106023

Olawumi, T. O., Chan, D. W. M., & Wong, J. K. W. (2017). Evolu-
tion in the intellectual structure of BIM research: a bibliometric
analysis. Journal of Civil Engineering and Management, 23(8),
1060-1081. https://doi.org/10.3846/13923730.2017.1374301

Qiu, Y., Liao, K, Zou, Y., & Huang, G. (2022). A bibliometric analy-
sis on research regarding residential segregation and health
based on CiteSpace. International Journal of Environmental
Research and Public Health, 719(16), Article 10069.
https://doi.org/10.3390/ijerph191610069

Raoufi, M., & Fayek, A. R. (2018). Fuzzy agent-based modeling
of construction crew motivation and performance. Journal of
Computing in Civil Engineering, 32(5), Article 04018035.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000777

Rosales-Carreon, J., & Garcia-Diaz, C. (2015). Exploring transitions
towards sustainable construction: The case of near-zero energy

W. Liu et al. A review of agent-based modeling in construction management: an analytical framework based on multiple objectives

buildings in the Netherlands. Journal of Artificial Societies and
Social Simulation, 18(1), Article 10.
https://doi.org/10.18564/jasss.2625

Sabe, M., Pillinger, T., Kaiser, S., Chen, C,, Taipale, H., Tanskanen, A.,
Tiihonen, J,, Leucht, S., Correll, C. U., & Solmi, M. (2022). Half
a century of research on antipsychotics and schizophrenia: A
scientometric study of hotspots, nodes, bursts, and trends.
Neuroscience and Biobehavioral Reviews, 136, Article 104608.
https://doi.org/10.1016/j.neubiorev.2022.104608

Shen, W., Hao, Q., & Xue, Y. (2012). A loosely coupled system
integration approach for decision support in facility manage-
ment and maintenance. Automation in Construction, 25, 41-48.
https://doi.org/10.1016/j.autcon.2012.04.003

Sheng, Z. (2018). Mega infrastructure construction management.
In Fundamental theories of mega infrastructure construction
management: Theoretical considerations from Chinese practices
(pp. 13-14). Springer.
https://doi.org/10.1007/978-3-319-61974-3_2

Singto, C., de Vries, M., Hofstede, G. J., & Fleskens, L. (2021). Ex
ante impact assessment of reservoir construction projects for
different stakeholders using agent-based modeling. Water Re-
sources Management, 35(3), 1047-1064.
https://doi.org/10.1007/s11269-021-02771-0

Son, J., & Rojas, E. M. (2011). Evolution of collaboration in tempo-
rary project teams: An agent-based modeling and simulation
approach. Journal of Construction Engineering and Manage-
ment, 137(8), 619-628.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000331

Stephan, K., & Menassa, C. C. (2015). Modeling the effect of build-
ing stakeholder interactions on value perception of sustain-
able retrofits. Journal of Computing in Civil Engineering, 29(4),
Article B4014006.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000409

Su, Y. (2020). Multi-agent evolutionary game in the recycling utili-
zation of construction waste. Science of the Total Environment,
738, Article 139826.
https://doi.org/10.1016/j.scitotenv.2020.139826

Tah, J. H. M. (2005). Towards an agent-based construction sup-
ply network modelling and simulation platform. Automation
in Construction, 14(3), 353-359.
https://doi.org/10.1016/j.autcon.2004.08.003

Taillandier, F., Taillandier, P., Tepeli, E., Breysse, D., Mehdizadeh, R.,
& Khartabil, F. (2015). A multi-agent model to manage risks in
construction project (SMACC). Automation in Construction, 58,
1-18. https://doi.org/10.1016/j.autcon.2015.06.005

Taillandier, F., Taillandier, P, Hamzaoui, F., & Breysse, D. (2016).
A new agent-based model to manage construction project
risks — application to the crossroad of Bab El Karmadine at
Tlemcen. European Journal of Environmental and Civil Engi-
neering, 20(10), 1197-1213.
https://doi.org/10.1080/19648189.2015.1134675

Tho, S. W., Yeung, Y. Y., Wei, R, Chan, K. W., & So, W. W.-m. (2017).
A systematic review of remote laboratory work in science edu-
cation with the support of visualizing its structure through the
HistCite and CiteSpace software. International Journal of Sci-
ence and Mathematics Education, 15(7), 1217-1236.
https://doi.org/10.1007/s10763-016-9740-z

Trappey, A. J. C., Trappey, C. V., & Ni, W.-C. (2013). A multi-agent
collaborative maintenance platform applying game theory ne-
gotiation strategies. Journal of Intelligent Manufacturing, 24(3),
613-623. https://doi.org/10.1007/s10845-011-0606-5

Vandatikhaki, F., Langari, S. M., Taher, A, El Ammari, K, & Ham-
mad, A. (2017). Enhancing coordination and safety of earth-



Journal of Civil Engineering and Management, 2024, 30(3), 200-219

work equipment operations using Multi-Agent System. Auto-
mation in Construction, 81, 267-285.
https://doi.org/10.1016/j.autcon.2017.04.008

Wang, N., Xu, Z,, & Liu, Z. (2023). Innovation in the construction
sector: Bibliometric analysis and research agenda. Journal of
Engineering and Technology Management, 68, Article 101747.
https://doi.org/10.1016/j,jengtecman.2023.101747

Watkins, M., Mukherjee, A, Onder, N., & Mattila, K. (2009). Using
agent-based modeling to study construction labor productivity
as an emergent property of individual and crew interactions.
Journal of Construction Engineering and Management, 135(7),
657-667.
https://doi.org/10.1061/(ASCE)C0O.1943-7862.0000022

Wehbe, F., Al Hattab, M., & Hamzeh, F. (2016). Exploring associa-
tions between resilience and construction safety performance
in safety networks. Safety Science, 82, 338-351.
https://doi.org/10.1016/j.ssci.2015.10.006

Wu, Z. Z, Yu, A. T. W,, & Shen, L. Y. (2017). Investigating the de-
terminants of contractor's construction and demolition waste
management behavior in Mainland China. Waste Management,
60, 290-300. https://doi.org/10.1016/j.wasman.2016.09.001

Wu, C, Chen, C, Jiang, R, Wy, P, Xu, B,, & Wang, J. (2019). Un-
derstanding laborers’ behavioral diversities in multinational
construction projects using integrated simulation approach.
Engineering, Construction and Architectural Management, 26(9),
2120-2146. https://doi.org/10.1108/ecam-07-2018-0281

Xu, L, Liu, X, Tong, D, Liu, Z,, Yin, L, & Zheng, W. (2022). Forecast-
ing urban land use change based on cellular automata and the
PLUS Model. Land, 11(5), Article 652.
https://doi.org/10.3390/land 11050652

Ye, G, Yue, H. Z, Yang, J. J,, Li, H. Y., Xiang, Q. T,, Fu, Y., & Cui, C.
(2020). Understanding the sociocognitive process of construc-
tion workers' unsafe behaviors: An agent-based modeling ap-
proach. International Journal of Environmental Research and
Public Health, 17(5), Article 1588.
https://doi.org/10.3390/ijerph17051588

Yu, Y., Yazan, D. M., Bhochhibhoya, S., & Volker, L. (2021). Towards
circular economy through industrial symbiosis in the Dutch
construction industry: A case of recycled concrete aggregates.
Journal of Cleaner Production, 293, Article 126083.
https://doi.org/10.1016/j.jclepro.2021.126083

Zang, X, Zhu, Y., Zhong, Y., & Chu, T. (2022). CiteSpace-based
bibliometric review of pickup and delivery problem from 1995
to 2021. Applied Sciences, 12(9), Article 4607.
https://doi.org/10.3390/app12094607

Zhang, C., & Hammad, A. (2012). Multiagent approach for real-
time collision avoidance and path replanning for cranes. Jour-
nal of Computing in Civil Engineering, 26(6), 782-794.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000181

Zhang, P.Y., Li, N, Jiang, Z. M,, Fang, D. P., & Anumba, C. J. (2019).
An agent-based modeling approach for understanding the ef-
fect of worker-management interactions on construction work-
ers' safety-related behaviors. Automation in Construction, 97,
29-43. https://doi.org/10.1016/j.autcon.2018.10.015

Zhang, M., Shi, R, & Yang, Z. (2020a). A critical review of vision-
based occupational health and safety monitoring of construc-
tion site workers. Safety Science, 126, Article 104658.
https://doi.org/10.1016/j.ss¢i.2020.104658

Zhang, M. Y, Cao, Z. Y, Yang, Z., & Zhao, X. F. (2020b). Utilizing
computer vision and fuzzy inference to evaluate level of colli-
sion safety for workers and equipment in a dynamic environ-
ment. Journal of Construction Engineering and Management,
146(6), Article 04020051.
https://doi.org/10.1061/(ASCE)C0O.1943-7862.0001802

Zhao, X. (2017). A scientometric review of global BIM research:
Analysis and visualization. Automation in Construction, 80,
37-47. https://doi.org/10.1016/j.autcon.2017.04.002

Zhong, B. T., Wu, H. T,, Ding, L. Y., Love, P. E. D,, Li, H., Luo, H. B.,
& Jiao, L. (2019). Mapping computer vision research in con-
struction: Developments, knowledge gaps and implications
for research. Automation in Construction, 107, Article 102919.
https://doi.org/10.1016/j.autcon.2019.102919

Zhou, J,, Jia, X., & Jia, J. (2020). Effects of different staircase design
factors on evacuation of children from kindergarten buildings
analyzed via agent-based simulation. Healthcare, 8(1), Article
56. https://doi.org/10.3390/healthcare8010056

Zhu, J.-W., Zhou, L.-N,, Li, L., & Ali, W. (2020). Decision simulation
of construction project delivery system under the sustainable
construction project management. Sustainability, 12(6), Article
2202. https://doi.org/10.3390/5u12062202



