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Abstract

:

The construction industry has been experiencing a rapid increase in complex projects for the last two decades. Simultaneously, project complexity has received more attention from academics and practitioners worldwide. Many studies suggest that perceiving complexity is critical for successful construction project management. This study investigates the current status and future trends in construction project complexity (CPC) literature from the Scopus database. This review systematically uses bibliometric and scientometric methods through co-occurrence and co-citation analysis. First, 644 academic documents were retrieved from the Scopus database. Then, co-occurrence and co-citation analysis were performed along with network visualization to examine research interconnections’ patterns. As a result, relevant keywords, productive authors, and important journals have been highlighted. The prominent research topics within the literature on construction project complexity focus on the following topics: identifying and measuring project complexity, schedule performance and cost estimation, system integration and dynamic capabilities, and risk assessment and uncertainty. Finally, the potential research directions are developing towards safety performance, organizational resilience, and integrated project delivery (IPD). The study still has a limitation. The review focuses only on the academic documents retrieved from the Scopus database, thus restricting the coverage of the reviewed literature relating to construction project complexity. To the best of the author’s knowledge, this study is the first study that provides a systematic review of the literature from the Scopus database on construction project complexity.
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1. Introduction


Complexity theory was initially introduced to the knowledge of project management by [1,2,3,4,5,6,7,8]. All these studies have emphasized the impact of complexity on projects, particularly on project goals, organization structure, and required management experiences and it is widely recognized that complexity has significant effects on the project management process such as: (i) complexity affects project coordinating, planning, and controlling, (ii) complexity causes difficulties identifying primary project goals and objectives, (iii) complexity is an essential factor in forming the suitable organizational structure and selecting project team with proper level of experience, (iv) complexity is a selection criterion for adequate arrangement in project management; and (v) complexity directly influences the main project’s outcomes such as cost, time, quality, and safety. Perceiving and grasping project complexity is very important for project managers to effectively make decisions and achieve goals related to complexity [8,9]. While complexity is increasing in projects, conventional project management practices have become ineffective. Therefore, the project complexity concept has received more attention from scholars and practitioners [1,8]. It is undeniable that project organizations are suffering failure due to increasing complexity; however, it is not apparent how this phrase is correct. Therefore, describing complexity from different aspects and a better understanding of complexity management can benefit worldwide project management communities [10]. Complexity affects projects negatively due to ambiguity and emergencies that are associated with the dynamic characteristics of the entire system. Project managers need to manage complexity and know-how to prevent emerging opportunities to reduce or avoid the negative impact of complexity [11].



This study aims to use bibliometric and scientometric analysis to answer the following research questions:




	
RQ1. What are the most relevant keywords in construction project complexity studies?



	
RQ2. Which are the most important journals and productive authors on construction project complexity studies?



	
RQ3. What are the most prevalent themes of construction project complexity between scholars?



	
RQ4. What are the future trends of publications on construction project complexity studies?








This review study aims to better understand project complexity, especially in its increasing global construction industry. This study will also assist researchers in proposing future research recommendations by examining the Scopus database publications on construction project complexity. A scientometric analysis is defined as a “quantitative study of science, communication in science and science policy” [12]. The scientometric analysis involves assessing the research effect, exploring the impact of academic journals and research institutions in a particular area of knowledge, and includes analysis techniques for citation inter-relationships [13]. Recent research in the construction field, such as construction engineering and management (CEM) and building information modelling (BIM), are employing scientometric methodology [14]. This paper presents a systematic review using the scientometric approach to analyze and map the literature on construction project complexity (CPC). The findings of this paper identify the main topics in the literature on complexity and provide a better understanding of current research directions. This paper has been divided into four sections containing methodology, findings and interpretations, a discussion of various considerations and problems elaborate in answering the research questions, and finally, the conclusion.




2. Research Methodology


Academic publications relevant to construction project complexity (CPC) have been retrieved from the online dataset to fulfil this review study’s objectives. Thus, a list of academic publications was extracted from the Scopus database. To overcome the difficulty of searching every related article, drawing the borders of the research area is essential [15]. In this paper, a systematic methodology is employed, a science mapping approach is adopted to perform bibliometric and scientometric analysis based on the Scopus online database as a source of data. Figure 1 shows the methodological process framework for this study.



2.1. Bibliometric Analysis


Bibliometric search retrieves data for required documents that have an academic structure [16,17]. Scopus is one of the most comprehensive database sources [18]. The Scopus database provides the broadest documents coverage over other databases [19,20]. Therefore, the Scopus database is selected in this paper to review the current literature on project complexity in the construction industry. Additionally, the Scopus database covers the most recently published documents [21,22]. The Scopus database is one of the most important peer-reviewed literature sources, including the highest citations and abstract numbers [18,23]. The Scopus database is selected for this review paper because it has the widest coverage of construction-related academic research compared to other databases such as Google Scholar, Web of Science, and PubMed [19]. Furthermore, the Scopus database contains the widest range of peer-reviewed journals [24]. For a comprehensive literature review, articles related to project complexity in the construction industry were retrieved using the following keywords: (“project complexity” OR “complex project” OR “complexity management”) AND (“construction”) and a search conducted within the code of (titles, abstracts, and keywords). The research subjects were limited to Engineering, Business Management and Accounting, Decision Sciences, Social Sciences, Economics, Econometrics and Finance, and Multidisciplinary, which are related to the construction domain. Only English journal and conference proceedings papers were selected for this review. Research query was carried out on 2 September 2021 with following final string: (TITLE-ABS-KEY (“project complexity” OR “complex project” OR “complexity management”) AND TITLE-ABS-KEY (“construction”)) AND (EXCLUDE (SUBJAREA, “EART”) OR EXCLUDE (SUBJAREA, “ENER”) OR EXCLUDE (SUBJAREA, “ARTS”) OR EXCLUDE (SUBJAREA, “PHYS”) OR EXCLUDE (SUBJAREA, “CENG”) OR EXCLUDE (SUBJAREA, “MEDI”) OR EXCLUDE (SUBJAREA, “AGRI”) OR EXCLUDE (SUBJAREA, “CHEM”) OR EXCLUDE (SUBJAREA, “BIOC”) OR EXCLUDE (SUBJAREA, “HEAL”) OR EXCLUDE (SUBJAREA, “PSYC”) OR EXCLUDE (SUBJAREA, “IMMU”) OR EXCLUDE (SUBJAREA, “NURS”) OR EXCLUDE (SUBJAREA, “PHAR”)) AND (EXCLUDE (SRCTYPE, “d”) OR EXCLUDE (SRCTYPE, “k”) OR EXCLUDE (SRCTYPE, “b”) OR EXCLUDE (SRCTYPE, “r”)). The other screening process was conducted by reviewing documents’ titles and abstracts to identify only papers related to the area of construction project complexity. After a careful manual filtering process, the remaining documents in the final dataset are 644 documents, including 379 journal articles and 265 conference papers.




2.2. Scientometric Analysis


The scientometric analysis is defined by [25] as “a quantitative study of the research on the development of science.” It is a technique to evaluate research impact and investigate citation relationships to map a specific knowledge area with trends extracted from the academic database. The manual literature review can lay out a comprehensive mapping of a particular research area; however, it remains subjected to bias and limited to subjective interpretation [26]. Therefore, the scientometric technique, used in this study to analyze project complexity within the construction domain, is adopted as an approach for visualizing and mapping the knowledge area [27]. The scientometric method uses bibliometric data to generate a network model and identifies research subjects [28]. The scientometric analysis generates network models to visualize the intellectual view of a specific knowledge area that can assist researchers in answering their questions and achieving research objectives [29]. Network visualizing the field of construction project complexity will assist researchers in perceiving the overall research patterns and discovering the research trends.



Abstract and keywords concisely represent the content of publications. Consequently, keywords are used as a unit of analysis to establish clusters reflecting the prominent components of the research area. In this review paper, a bibliometric search was performed using the title, abstract, and keywords code for a comprehensive literature review of construction project complexity. The following analysis was conducted to disclose the research pattern: keyword co-occurrence analysis, author co-citation analysis, burst identification, journal co-citation analysis, and document co-citation and clustering analysis. Keyword co-occurrence and author co-citation analysis provide a general description of the research area before clustering analysis. Burst assists in identifying research behaviour over time and navigating recent construction project complexity trends. Document co-citation analysis provides clustering techniques and labels clusters with abstract terms to lay out the research areas. This approach has been suggested previously for systematic literature review [30,31].





3. Results and Findings


3.1. Data Acquisition


Academic documents, journals, and conference papers related to construction project complexity were extracted using the keyword search strategy from the Scopus database. The Scopus database allows to browse and sort required documents by subject area, and statistics are displayed as 47.7% related to engineering and 22.9% related to business and management, as shown in Figure 2.



Figure 3 shows the number of published documents each year. Publications in construction project complexity exhibit an upward trend between 2006–2017, and the highest number of publications were in the years of 2017 and 2019 with published documents of 56 and 51, respectively. Although, notably, this study covers publications for only 9 months of the year 2021, records in 2021 would be estimated at around 50 publications if linear regression is applied to extend the statistical graph.




3.2. Keyword Co-Occurrence Analysis


Keywords are words or phrases that reflect overall document content and express the researched area inside the domain boundaries [32]. In this study, VOSviewer software performs keyword co-occurrence analysis and creates networks based on the data from the Scopus database. Generated map is a distance-based network, and the space between nodes indicates the strength of the relationship between the keywords [33]. The closer distance between nodes generally represents the more robust relationship between the keywords, and node size is directly proportional to the number of documents containing that keyword. VOSviewer tool provides a clustering technique to set related keywords in the same group with the same color [34]. Only keywords with high-occurrence numbers are selected to map the network, so the threshold was set at 5, and 41 keywords remain from 1513 total keywords. Figure 4 shows a keywords co-occurrence network with 41 nodes, 153 links, and total link strength of 236. Table 1 summarizes the most frequent keywords with their occurrences and the mean year published, links, and full link strength.



According to VOSviewer statistical technique, Table 1 shows the term (project management) is the most frequent author keyword in the literature, and the word (project complexity) is the second. However, the word (project complexity) is mentioned implicitly in different phrases such as project complexity, complexity, complex projects, and complexity management. Aggregating frequencies of those items will result in 92 occurrences. Thus, the term (project complexity) can be considered the most mentioned author keyword in the literature, and the word (project management) will be the second. The mean year of publication indicates the average period researchers have used this keyword in their documents. For instance, documents that include scheduling received more attention in 2015, while publications that include risk, integration, and uncertainty have received more attention in 2010, 2011, and 2014. The links represent the number of connections between a particular node and other nodes, while the total link strength represents the overall strength of the links connected to a given node [35]. For example, the entire link strength of the keyword (project management) is 42, which is the highest among other nodes and suggests the strongest inter-related keyword to project complexity.




3.3. Author Co-Citation Analysis


The CiteSpace tool can analyze and visualize a scientific research field to logically perceive a cohesive and organized knowledge structure. This method is widely recognized as a practical scientometric approach to disclosing concealed implications from an enormous amount of information. Moreover, CiteSpace is a powerful tool in mapping the knowledge area and systematically generates various network maps [36]. Therefore, this systematic review adopts CiteSpace to create a co-citation network and perform abstract clustering analysis. Kleinberg developed CiteSpace in 2003, and a burst detecting algorithm is added to the application.



The author co-citation network presents the relationship between authors whose publications are cited in the same document. Figure 5 shows the author’s co-citation network, including 475 nodes and 3604 links. As recommended in earlier studies, network pruning was carried out through the pathfinder function to remove unnecessary links [37]. Thus, node size represents each author’s co-citation frequency, and connections between nodes reflect citation relationships created by the number of citations. The top-ranked author is (Anonymous) with citation counts of 60. The second one is (Baccarini D), with citation counts of 56. The third is (Williams TM) with citation counts of 34. The 4th is (Flyvbjerg B) with citation counts of 29. The 5th is (Bosch-Rekveldt M) with citation counts of 27. The 6th is (Chan APC) with citation counts of 24. The 7th is (Love PED) with citation counts of 21. The 8th is (Geraldi J) with citation counts of 19. The 9th is (Williams T) with citation counts of 18. The 10th is (Dao B) with citation counts of 17. Authors with the most robust citation bursts, who received a sudden increase in the number of citations during a short time, are identified and sorted as shown in Figure 6.



Additionally, information about authors can be obtained from bibliometric records, and the most productive authors in the field can be identified by Scopus analysis. For example, Figure 7 shows the top leading researchers in construction project complexity Kermanshachi, S (The University of Texas); Zhang, L (Nanyang Technological University); and Skibniewski, M. J. (University of Maryland) are holding the top three positions.




3.4. Journal Co-Citation Analysis


Table 2 shows the list of top sources (journals and conference proceedings) of academic documents related to construction project complexity.



Top sources of academic publications for construction project complexity were identified from the Scopus database statistics and extracted in Table 2. Journals that include the most publications are Journal of Construction Engineering and Management, Engineering Construction and Architectural Management, Journal of Management in Engineering, International Journal of Project Management, Construction Management and Economics, Automation in Construction, and International Journal of Managing Projects in Business. Similarly, conference proceedings that contribute the most to the research field of CPC are IOP Conference Series Materials Science and Engineering, Procedia Engineering, and Proceedings Annual Conference Canadian Society for Civil Engineering.



Journal co-citation analysis using the CiteSpace was carried out, and a journal co-citations network was created with 469 nodes and 3631 links. As shown in Figure 8, the node size represents citation frequency as the most cited journals offer more significant nodes on the network. The top-ranked journal by citation counts is the International Journal of Project Management, with citation counts of 181. The second is the Journal of Construction Engineering and Management, with citation counts of 154. The third is the Journal of Management in Engineering, with citation counts of 93. The 4th is Construction Management and Economics, with citation counts of 89. Finally, the 5th is Automation in Construction, with citation counts of 72. It is noticeable that all the most cited journals are also among the top source journals publishing articles for construction project complexity.




3.5. Document Co-Citation and Clustering Analysis


The document co-citations network assists in mapping the research field and grouping documents based on the citation relationship between publications. In this section, a document co-citation network is created containing 415 nodes and 1275 links, as shown in Figure 9. Each node represents a document, and node size indicates the co-citation frequency. Links between nodes represent the co-citation relationship between publications. Mean silhouette (S) and modularity (Q) are essential metrics given by CiteSpace which determine network structural properties. Modularity is considered high when Q is more than 0.3, indicating the network is separated into loosely coupled clusters [38]. When the silhouette score is more than 0.5, that suggests network clustering is heterogeneous [39].



This study divides the network into seven co-citation clusters at a modularity measure and harmonic mean of 0.87 and 0.90, respectively. LSI/LLR labelling algorithms provided by CiteSpace are employed to tag each set automatically. Identified clusters are loosely linked; however, clusters borders can be recognized. Table 3 summarizes clusters information such as cluster size, mean year, LSI/LLR labels, and the most cited document in each cluster. The log-likelihood ratio (LLR) algorithm allows unique and sufficient coverage for labelling clusters based on the keywords [40].





4. Research Topics in Construction Project Complexity


This section will discuss the clusters presented in Table 3 and review the most cited documents mentioned in each group. Then, research topics will be analyzed based on the most relevant publication and ordered according to the number of publications in the research areas.



4.1. Identifying and Measuring Project Complexity


Managing project complexity is one of the critical strategies to improve project performance and enhance successful project delivery. Measuring project complexity is a vital practice to manage project complexity in the construction industry. Assessing complexity enables managers to identify difficulties and allocate scarce resources efficiently in complex construction projects. Thus, many research studies were conducted to develop measurement models and evaluate project complexity from different perspectives [48]. Figure 9 illustrates that cluster #0 and cluster #8 are closely located in the networks. From Table 3, cluster #0 and cluster #8 cover the same area of research in measuring project complexity. Cluster #0 is the largest cluster in the network, including 41 publications, while cluster #8 is more minor, containing ten publications.



For cluster #0, the most cited document was published by [41], which developed a complexity measurement model for large-scale construction projects from a task and organization (TO) perspective. Luo et al. [49] analyzed the relationship between project complexity and success in complex construction projects, and the findings prove a negative relationship between complexity and success in the complex construction project. Eriksson et al. [50], suggested that flexible practices are adapted to complex projects for better schedule performance. Accordingly, the model of flexibility focused project management was introduced. Finally, Ahn et al. [51] examined the influence of interface-management practices in large-scale engineering construction projects. The study reveals that IM practices mitigate the negative impact of project complexity that emerges from scope uncertainty, communication, and large numbers of stakeholders.



On the other hand, IM practices are not effective with complexity originating from other engineered items. Sohi et al. [52] developed a practical framework to add flexibility to project management practices. The suggested framework will reduce project complexity and dynamics in the construction industry and improve project delivery success. Nguyen et al. [53] developed a complexity level (CL) measure to evaluate and quantify complexity specifically in transportation projects. Luo et al. [54] created a project complexity measurement model (PCMM) employing a Bayesian belief network-based methodology. This model considers a cause-effect relationship. Thus, complexity can be measured under what-if scenarios for complexity management. Additionally, Nguyen et al. [55] employed a computational model in MATLAB to measure the complexity level in construction projects. The measure is called complexity level (CL), which quantifies project complexity and foresees general difficulties.



For cluster #8, the most cited document was published by Xia and Chan, [45] which developed a complexity index (CI) based on six key complexity measures. These complexity measures assist stakeholders in evaluating complexity levels and managing associated risks in building projects. Furthermore, in their study, B. Xia and Chan [45] identified that project complexity is one of the top seven selection criteria for operational variations of the construction industry’s design-build (DB) system. Finally, Cooke [56] concluded in his study that knowledge and data sharing in construction projects can be enhanced by advanced information management; thus, complexity may well be diminished, and many issues in the early life of the project can be resolved.



For cluster #13, the most cited document was published by Y. Chen et al. [46] and found that project complexity is the most important factor affecting the main functions (control, coordination, and adaptation) of the FIDIC construction contract model.




4.2. Schedule Performance and Cost Estimation


In the history of the construction industry, complexity is the main reason for poor performance and project failure in terms of cost overrun, schedule delay, low quality and even safety issues [57,58].



For cluster #1, the most cited document was published by Nguyen et al. [42] exploring the relationship between project complexity and project performance with resource allocation in construction projects. Findings from the empirical study show that project complexity significantly impacts schedule performance, influenced by resource allocation. Hietajärvi et al. [59] investigated the integration mechanisms to develop throughout complex alliance projects. The study found that adopting different integration mechanisms demands complex and alliance project organizations in response to dynamic situations. Hartono et al. [60] examined the relationship between project risk management maturity (PRMM) and organizational performance with the effect of project complexity as a moderating variable. Results suggested that (PRMM) is remarkable in project-based organizations; however, the significance of (PRMM) diminishes when the project complexity level is low. Project complexity is a considerable variable when setting organizational maturity. Damayanti et al. [61] defined the complexity of the mega-construction project in Indonesia from project managers’ perspectives. The study found that project managers perceive complexity as an obstacle and view complexity in mega-construction projects negatively, even though positive opportunities can be associated with complexities. Hietajärvi et al. [62] defined project alliance (PA) capability and identified its components, as PA capability is a vital delivery model for delivering complex projects.



For cluster #2, the most cited document was published by Akintoye [43] which identified factors influencing cost estimating practices in construction projects. The study included eighty-four contractors ranging from very small to huge companies. Factor analysis resulted in classifying factors into seven groups. The project complexity factor is ranked as the most crucial factor affecting construction project costs.




4.3. Systems Integration and Dynamic Capabilities


Complexity has a significant impact on systems integration. Therefore, systems design improvement must be more integrated and flexible, delaying complexity issues [63].



For cluster #3, the most cited document was published by Davies and Mackenzie [44] who found that systems’ integration is the major challenge in delivering complex projects. Organizations overcome project complexity by partitioning the project into integrated subsystem components. Organizations have to understand the whole system of components and manage flexible interfaces between individual components to maintain stability in dynamic and uncertain changing conditions. Brady and Davies [64] compared how structural and dynamic complexity was controlled in two successful construction megaprojects. The study revealed differences in the two approaches dealing with structural and dynamic complexity; however, common factors were identified those assist project managers in successful complex projects. Davies et al. [65] emphasizes that particular dynamic capabilities (strategic behaviour and collaborative processes) are essential for delivering complex, risky, multiple-stakeholders projects. Kermanshachi et al. [66] conducted an empirical study to identify the best practices and strategies to manage project complexity and increase the chance of success. Lu et al. [52] developed an evaluating model to assess complexity in large-scale projects considering the dynamic and emerging effects.




4.4. Risk Assessment and Uncertainty


Uncertainty and risk management practices positively correlate with perceived success in projects with high complexity [67]. Uncertainty refers to any deviation from anticipated project performance, and project complexity is an essential factor driving the uncertainty. Thus, in construction projects, understanding the three concepts of complexity–uncertainty−performance and modelling the nonlinear relationships between those constructs is necessary for developing an effective strategy to control risk and complexity [68].



For cluster #34, the most cited document was published by Adedokun et al. [47] assessing the adoption of qualitative risk analysis techniques (QRAT) in big construction projects. The study reveals that (QRAT) is not used sufficiently in evaluating the inherent risk in construction projects which is the reason for recorded time and cost overruns. Qualitative risk analysis is an important determinant factor for stakeholders to estimate the degree of project complexity. Identifying and addressing complexity in large construction projects help stakeholders to improve the planning process and achieve successful project delivery. Afzal et al. [69] reviewed the literature for all artificial intelligence (AI) methods used to evaluate cost-risk in construction projects to grasp complexity and uncertainty. Survey reveals that fuzzy hybrid methods are the most commonly used because those methods can measure complexity and underlying uncertainty. Erol et al. [70] examined the nature of the relationship between complexity and risk in mega construction projects. A conceptual framework was developed utilizing a qualitative approach, and the connections were verified using the qualitative approach. Thus, an integrated risk assessment process (IRAP) was formulated, which helps develop plans for risk management in mega-construction projects. Fang C and Marle F, [71] introduced a matrix-based risk propagation model to evaluate risk propagation considering the complexity of engineering projects. The model measures and ranks risks according to their impact on the project risk network.





5. Discussion


Bibliometric data can provide the necessary information to evaluate a particular field’s performance in literature, assist research institutions in managing policies regarding fund allocation, and evaluate scientific inputs and outputs [72]. Moreover, findings obtained from the bibliometric analysis can also uncover the main factors that increase contribution in a specific field of study and direct researchers to carry out more studies effectively [73]. This review studies a refined search query to find 644 documents from the Scopus database related to project complexity in the construction industry. Statistics display that 47.7% of the collected documents are related to engineering and 22.9% related to business and management. Publications in this area exhibit an upward trend between 2006–2017, and the highest number of publications were in 2017 and 2019. The first research question of this study was regarding the identification of the most popular keywords in the field of construction project complexity, which can be seen in the keyword co-occurrence network generated using the VOSviewer tool. The top keywords were identified from the Scopus documents ranked by high-occurrence frequency and shown in Table 1. The second research question was to identify the most important authors and journals. Therefore, citation metrics were used and found the following authors: Anonymous, Baccarini, Williams, Flyvbjerg, Bosch-Rekveldt are among the top 10 authors in the field of project complexity. Additionally, the most cited journals are the Journal of Construction Engineering and Management, Engineering Construction and Architectural Management, Journal of Management in Engineering, and International Journal of Project Management.



Regarding the third research question, which addressed the most prevalent themes of construction project complexity, the main research topics in the literature for construction project complexity were identified using document co-citation and clustering analysis. Literature of project complexity was classified into four main groups: identifying and measuring project complexity, schedule performance and cost estimation, systems integration and dynamic capabilities, and risk assessment and uncertainty. Finally, this study addressed the fourth research question regarding the current trends in project complexity literature and future research directions. According to Moed et al. [74] bibliometric analysis can evaluate research productivity and publications in a specific literature topic and explore research trends. From this study, research movements tend towards safety performance, organizational resilience, and integrated project delivery (IPD).




6. Conclusions and Future Research Directions


Construction project complexity has been snowballing over the past few years, and it has received more attention from scholars and practitioners. In this review, a scientometric methodology is suggested to conduct a thematic literature review for CPC and navigate the future research directions. Although a review work has been previously published for the CPC literature, this study is the first comprehensive review adopting the scientometric approach and including 644 academic documents examined to map the CPC literature. The frequent keywords, productive authors, top journal sources, and current research topics in the CPC literature were identified; simultaneously, future trends for construction project complexity were proposed. The prominent research topics in the literature on CPC are identifying and measuring project complexity, schedule performance and cost estimation, systems integration and dynamic capabilities, and risk assessment and uncertainty. Suggested future research directions include safety performance, organizational resilience, and integrated project delivery (IPD). The findings of this review have theoretical and practical implications for scholars and practitioners as the following:




	
From the academic perspective, analyzing and laying out the literature of CPC will provide the scholars with systematic knowledge and a broad understanding of the research area;



	
From a practical standpoint, practitioners in the field of construction should consider the findings of this review and perceive the impact of project complexity, which will assist in improving organizational performance.








Although this study contributes to the body of knowledge, the study still has a limitation. The review focuses only on the academic documents retrieved from the Scopus database, thus restricting the coverage of the reviewed literature relating to construction project complexity. It would be exciting to conduct a similar study with a broader range of CPC literature from other databases such as Web of Science, Google Scholar, and PubMed for future research. That would complement this review and monitor the research development in construction project complexity.



6.1. Future Research Directions


While the previous section discussed the current significant themes in the knowledge area of construction project complexity, the following section summarizes the potential future research trends on construction project complexity. The current trend in the literature on construction project complexity can be judged by manually reviewing and analyzing the current hotspots in recent publications. Thus, future research trends on construction project complexity include the following:



6.1.1. Safety Performance


In the construction industry, safety risks are growing due to the increasing degree of projects complexity. Resilient safety culture is suggested to handle these safety risks and achieve the intended safety performance. Interactive influences of resilient safety culture with project complexity on safety performance in construction projects were investigated, and the study shows that safety performance is negatively affected by technical and environmental complexities. Furthermore, a higher level of resilient safety culture moderates the negative impact of project complexity on safety performance; however, this moderating effect diminishes when increasing the resilient safety culture level [75]. Safety is an emergent phenomenon in a complex system with construction sites. Current safety management facing difficulties dealing with complexity and including situational self-organizing on construction sites is critical to improving the safety management system (SMS) [76]. Introducing Building Information Modeling (BMI) and industry revolution 4.0 technology into a dynamic model for the building industry would increase complexity and safety issues. However, establishing BIM in buildings reduces costs and improves management efficiency [77]. Complexity and resilience are interconnected features of construction projects. These features need to be observed with their impacts on safety management. The outcome of the Safety Performance Measurement System (SPMS) can be used to identify and monitor sources of complexity and resilience in construction projects [78].




6.1.2. Organizational Resilience


Project resilience is still an emergent knowledge area, and the resilience concept still needs more definition despite increasing research on this topic [79]. Geambasu [80]; conducted an empirical study on big infrastructure projects and was the first who introduce the concept of project resilience. The author has defined project resilience as “the project system’s ability to restore capacity and continuously adapt to changes to fulfil its objectives to continue to function at its fullest possible extent, despite threatening critical events”. The concept of project resilience has been processed by exchanging to advance research areas, and organizational resilience is the most established conceptual development of project resilience [81]. Construction projects are time-limit, focused contract, and dynamic (likely to influence disruptions). Construction projects can be defined as temporary multidisciplinary organizations (TMO), and organizational resilience in the (TMO) is the ability to be ready, respond and decrease the effects of disruptions resulting from project complexity [82]. Organizational resilience is a vital emergent attribute of an organization that refers to the hypothetic resilience characteristic. Organizational resilience cannot be described by joining any particular agent features, even in concept. Organizations composed of complex systems present a high degree of complexity as an emerging attribute covering the whole aspects of the organization. Resilience is also considered an emerging feature associated with such an organization of complex systems [83].




6.1.3. Integrated Project Delivery (IPD)


Integrated project delivery (IPD) is an emergent approach in the construction industry to minimize conflicts between project shareholders. Integrated project delivery (IPD) is a promising strategy used in traditional contracting systems to overcome inefficiency issues and promote project success [84]. However, due to increasing project complexity and rigorous legal rules, conventional practices became ineffective and led to conflicts, schedule delays, and cost overruns. Recently, integrated project delivery (IPD) system, including risk-sharing, trust, and collaboration, has been adopted as an efficient delivery practice [85]. Applying integrated project delivery (IDP) principles and practices in complex projects are widely expected. Additionally, utilizing IDP principles on small scales and fewer complex projects can be effective and enhance project team experience to be collaborative and more efficient [86]. Integrated project delivery (IPD) has been developed to tackle issues of the growing complexity of construction projects. Contracting culture should be supported to allow the broader adoption of IPD standards and practices for project performance [87].
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Figure 1. Flow diagram of the search methodology. 
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Figure 2. Documents by subject area. 






Figure 2. Documents by subject area.



[image: Buildings 12 00482 g002]







[image: Buildings 12 00482 g003 550] 





Figure 3. Documents by year of publication. 
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Figure 4. Keyword co-occurrence network. 
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Figure 5. Author co-citations network. 
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Figure 6. Authors with the strongest citation bursts. 
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Figure 7. Productive authors in construction project complexity. 






Figure 7. Productive authors in construction project complexity.



[image: Buildings 12 00482 g007]







[image: Buildings 12 00482 g008 550] 





Figure 8. Journal co-citations network. 
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Figure 9. Network of document co-citations analysis. 
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Table 1. Selected keywords with network parameter.
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	Keyword
	Occurrences
	Mean Year Published
	Links
	Total Link Strength





	Project management
	64
	2013
	27
	42



	Project complexity
	39
	2015
	18
	25



	Complexity
	31
	2013
	20
	21



	Construction
	26
	2014
	12
	18



	Risk management
	15
	2015
	13
	13



	Construction industry
	19
	2013
	9
	11



	Construction management
	22
	2014
	15
	11



	Complex projects
	14
	2014
	11
	10



	Construction projects
	15
	2017
	9
	10



	Procurement
	13
	2014
	10
	10



	Uncertainty
	10
	2014
	10
	9



	Collaboration
	10
	2016
	10
	8



	Project performance
	9
	2016
	9
	8



	Scheduling
	10
	2015
	9
	8



	BIM
	14
	2015
	9
	7



	Case study
	11
	2013
	8
	7



	Communication
	9
	2013
	5
	7



	Lean construction
	9
	2015
	9
	7



	Innovation
	8
	2017
	11
	6



	Risk
	8
	2010
	5
	6



	Simulation
	10
	2010
	4
	6



	China
	6
	2013
	6
	5



	Partnering
	6
	2014
	6
	5



	Project
	5
	2015
	3
	5



	Risk identification
	5
	2013
	4
	5



	Design management
	5
	2014
	6
	4



	Integration
	5
	2011
	5
	4



	Leadership
	8
	2012
	3
	4



	Productivity
	7
	2010
	4
	4



	Project success
	5
	2016
	4
	4



	Systems thinking
	5
	2016
	4
	4



	Tunnel construction
	5
	2015
	2
	4



	Australia
	6
	2015
	4
	3



	Building information modelling (bim)
	6
	2018
	4
	3



	Delphi method
	5
	2013
	3
	3



	Design-build
	6
	2015
	4
	3



	Building information modelling
	5
	2013
	3
	2



	Construction project
	5
	2017
	2
	2



	Knowledge management
	5
	2013
	2
	2



	Management
	5
	2014
	3
	2



	Complexity management
	8
	2015
	1
	1
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Table 2. Top sources of academic documents of construction project complexity.
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	Journal Title
	Relevant Published Articles
	% Total

Publication



	Journal of Construction Engineering and Management
	33
	8.71%



	Engineering Construction and Architectural Management
	24
	6.33%



	Journal of Management in Engineering
	22
	5.80%



	International Journal of Project Management
	16
	4.22%



	Construction Management and Economics
	15
	3.96%



	Automation in Construction
	12
	3.17%



	International Journal of Managing Projects in Business
	10
	2.64%



	Journal of Civil Engineering and Management
	8
	2.11%



	Journal of Computing in Civil Engineering
	8
	2.11%



	Construction Economics and Building
	6
	1.58%



	International Journal of Construction Management
	5
	1.32%



	Construction Innovation
	4
	1.06%



	Journal of Professional Issues in Engineering Education and Practice
	4
	1.06%



	Proceedings of the Institution of Civil Engineers Civil Engineering
	4
	1.06%



	Advanced Engineering Informatics
	3
	0.79%



	Built Environment Project and Asset Management
	3
	0.79%



	Computers and Industrial Engineering
	3
	0.79%



	Facilities
	3
	0.79%



	IEEE Engineering Management Review
	3
	0.79%



	International Journal of Project Organisation and Management
	3
	0.79%



	Journal of Financial Management of Property and Construction
	3
	0.79%



	Journal of Information Technology in Construction
	3
	0.79%



	Proceedings of Institution of Civil Engineers Management Procurement and Law
	3
	0.79%



	Production Planning and Control
	3
	0.79%



	Project Management Journal
	3
	0.79%



	Conference Title
	Relevant Published Articles
	% Total

Publication



	IOP Conference Series Materials Science and Engineering
	11
	4.15%



	Procedia Engineering
	10
	3.77%



	Proceedings Annual Conference Canadian Society for Civil Engineering
	10
	3.77%



	ISEC 2013 7th International Structural Engineering and Construction Conference New Developments in Structural Engineering and Construction
	5
	1.89%



	AACE International Transactions
	4
	1.51%



	Construction Research Congress 2016 Old and New Construction Technologies Converge in Historic San Juan Proceedings of the 2016 Construction Research Congress CRC 2016
	4
	1.51%



	Proceedings 30th Annual Association of Researchers in Construction Management Conference ARCOM 2014
	4
	1.51%



	22nd Annual Conference of The International Group for Lean Construction Understanding and Improving Project Based Production IGLC 2014
	3
	1.13%



	31st International Symposium on Automation and Robotics in Construction and Mining ISARC 2014 Proceedings
	3
	1.13%



	AACE International Transactions of The Annual Meeting
	3
	1.13%



	ASEE Annual Conference and Exposition Conference Proceedings
	3
	1.13%



	ASEE Annual Conference Proceedings
	3
	1.13%



	Association of Researchers in Construction Management ARCOM 2010 Proceedings of the 26th Annual Conference
	3
	1.13%



	Cobra 2008 Construction and Building Research Conference of The Royal Institution of Chartered Surveyors
	3
	1.13%



	Computing in Civil Engineering New York
	3
	1.13%



	Congress on Computing in Civil Engineering Proceedings
	3
	1.13%



	IGLC 2012 20th Conference of The International Group for Lean Construction
	3
	1.13%



	Proceedings of the International Conference on Industrial Engineering and Operations Management
	3
	1.13%



	Understanding and Managing the Construction Process Theory and Practice 14th Annual Conference of The International Group for Lean Construction IGLC 14
	3
	1.13%
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Table 3. Co-citation clusters analysis of construction project complexity.
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	Cluster-ID
	Size
	Mean (Year)
	Top Terms (Latent Semantic Indexing) LSI
	Top Terms (Log-Likelihood Ratio) LLR
	The Most Cited Document





	0
	41
	2006
	Project complexity
	Complex construction project
	[41]



	1
	30
	2003
	Transportation project
	Schedule performance
	[42]



	2
	29
	1985
	Factor
	Analysis
	[43]



	3
	22
	1991
	Project complexity
	Systems integration
	[44]



	8
	10
	2003
	Delphi study
	Delphi study
	[45]



	13
	8
	2006
	Understanding the multiple function of construction contracts
	Multiple function
	[46]



	34
	4
	2001
	Evaluation of qualitative risk analysis techniques in selected large construction companies in Nigeria
	Evaluation
	[47]
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