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Abstract

:

The construction industry is among the least digitized industries, and the lack of innovation in construction project management practices has led to decreases in productivity. The European Directives for Public Procurement are pushing the entire construction supply chain towards more radical digital transformations over the next years, and project managers are left with the difficult task to harness ICT for the involvement and management of project stakeholders. Digitalization of various processes and practices used to manage stakeholders in construction projects is still low, and part of this problem lies in weak systematization of ICT systems which support these practices. Thus, this paper provides a systematic review of how digitalization and digital transformation affect the way stakeholders behave, engage, and communicate in projects. Following the PRISMA methodology, 73 sources from the literature were chosen for the final analysis. Results are presented through descriptive and qualitative content analysis. Six research topics were identified and thoroughly analyzed. Results show that BIM, social network analysis, and web-based applications as means to digitalize stakeholder management are more mature than social media and VR/AR. An important finding is the need to reengineer and digitally transform processes in construction projects and construction firms to enable further digitalization and effectiveness of digital technologies. Suggestions for further studies follow this line of thought.
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1. Introduction


1.1. Importance of Digitalization in the Construction Industry


The construction industry is characterized by highly interdisciplinary, fragmented, and temporary project organizations, process discontinuities, and unique projects [1], and this fragmentation is making it very difficult to meet construction project requirements in terms of cost, time, and productivity [2]. Complexity is added by the reciprocal interdependencies between different stakeholders, such as financing bodies, authorities, architects, engineers, and many others, which makes it necessary for construction projects to improve integration, cooperation, communication, and coordination [3]. Important elements of stakeholder interaction are information management and communication processes, which are considered to be main constituents of efficient human cooperation [4]. Documents serve as a key information carrier, and in today’s business world, they are mainly handled as individual computer files, which requires ICT for their creation and storage [5]. The construction project aspects mentioned illuminate the fact that they are very dependent on reliable and updated information and thus require a number of ICT-based business systems, communication tools, and shared storage servers [6].



The construction sector has been slow to adopt innovations in processes and organization, and in general, it has not yet embraced new digital technologies, which is corroborated by the fact that the construction industry is among the least digitized industries [7]. The lack of innovation in construction project management practices has been described as having led to lost productivity [2]. Additionally, there is a growing demand for making the construction industry more sustainable, which also requires changes in traditional practices [7]. The McKinsey Global Institute estimates that the world will need to spend USD 57 trillion on infrastructure by 2030, which is a massive opportunity for the digital transformation of the construction industry [7]. Digitalization is a hot topic in the construction industry today, which is corroborated by a great number of developed ICT tools [8]. Web-based project platforms, digital meetings, and BIM have all existed for quite a while [8], although they are mostly not used to their full potential [1]. It Is apparent that ICT is essential in daily work for most professionals in the construction industry [9], and Jahanger et al. [2] showed that proper digitalization of construction and project management practices can help in reversing the decline in productivity. The European Directives for Public Procurement are pushing the entire construction supply chain towards more radical transformations over the next years by supporting research, development, and training for digitalization [10].




1.2. Digitalizing Construction Stakeholder Management Practices to Enhance Performance in Construction Projects


Large construction projects are mostly focused on overcoming current infrastructure capacity problems or opening new business opportunities [11], and they bear great importance for the promotion of the economic and social wellbeing of the wider stakeholder community. These projects include numerous contracting parties and a vast range of potentially conflicting interests, which requires highly complex problem-solving activities such as stakeholder management [12]. Stakeholder management comprises two major processes (e.g., stakeholder analysis and engagement) [13], and it is increasingly becoming a part of construction project practice [14]. Inadequate stakeholder management has led to process disruptions and adverse outcomes in many large construction projects [11,12] and it is considered as a fundamental instrument for setting the direction of projects [15]. Additionally, there is a great need to manage stakeholders through various engagement strategies (i.e., communication, partnership, and capacity building strategy) to increase the sustainability of construction projects [16]. Significant empirical research conducted in recent years further divides stakeholder analysis processes (i.e., stakeholder identification, classification, assessment of stakeholder influence, etc.) [17,18,19,20] and stakeholder engagement processes (i.e., stakeholder communication, involvement, collaboration, etc.) [13,21,22] which is consistent with stakeholder management becoming a formal project management knowledge area [23]. The project management body of knowledge (PMBOK) standard [24] for project management formalizes stakeholder management through four processes (identification of project stakeholders, planning of stakeholder engagement, management of stakeholder engagement and monitoring, and control of stakeholder engagement), which comprise several underlying practices.



Through rapid advancements in ICT, opportunities arise in enhancing communication between participants of different organizations (i.e., internal stakeholders) in construction projects [24]. Furthermore, obtaining external stakeholder support necessitates strategic engagement, often using information and communications technology (ICT) [25]. Building information modelling (BIM) promotes the collaborative working of different stakeholders, enabling them to support and reflect their respective responsibilities by inserting, extracting, updating, and sharing information through the BIM model [26]. Computer-mediated collaboration has been the main focus of Computer Supported Collaborative Working (CSCW) studies, which deal with ICT-supported information sharing, information exchange, collaborative decision making, and control protocols [27]. Web (cloud) applications exploit Internet and web technologies to enhance information sharing between various project stakeholders throughout the project lifecycle [28]. In large construction projects, ICT supported visualization and simulation are considered very important for coordination of both internal and external stakeholders [29]. Additionally, software packages supporting a social network analysis method (i.e., UCINET, NetMiner, etc.) can be used to analyze and visualize stakeholder relationship networks and their influence. Ninan et al. [25] provides evidence that ICT was used strategically to hegemonize stakeholder support and persuade stakeholders to support project decisions. They emphasized social media as a key type of ICT system which can assist in conducting stakeholder engagement strategies.



Using digital technology for communication and collaboration is often seen as an important managerial tool, and project managers are left with the increasingly important task of finding proper ways to harness ICT collaboration tools for the involvement of project stakeholders [30,31] The digitalization of various construction project management practices is relatively well researched, considering the number of various ICT tools and articles dealing directly or indirectly with this broad research field. Nevertheless, the adoption of the digital way of performing project and stakeholder management practices in construction projects is still very low compared to some other industries [25], and part of this problem lies in the weak systematization of ICT systems which support these practices. There is not enough information on what a particular ICT tool serves for, which stakeholder should use it, and for what purposes; in other words, research streams related to the digitalization of various management processes and activities (i.e., stakeholder engagement, collaboration, analysis, etc.) are vague. There are numerous papers dealing with the collaboration and cooperation of specific internal construction project stakeholders through various ICT tools (i.e., contractor with subcontractors, project manager with other stakeholders), and on the other hand, ICT usage for external stakeholder involvement and analysis (i.e., project end users) is becoming an increasingly important topic. Therefore, this study analyzes a body of literature and answers the following questions:




	
“What are the general ways of using ICT systems and tools to manage construction project stakeholders?”



	
“Which processes and underlying practices of construction stakeholder management are digitalized and to what extent?”



	
“What are the circumstances in which digital stakeholder management is needed in future research?”








In other words, the main goals of this paper are to provide a systematic review of how digitalization and digital transformation affects the way stakeholders behave, engage, and communicate in construction projects.



In this introductory section, the research field encompassing the digital approach to project stakeholder management is presented, followed by a stipulation of the main research goals. Section 2 presents the systematic literature review methodology chosen to achieve the research goals, and the results are presented in Section 3. The results are organized through descriptive and qualitative analysis presented in two main subsections. The qualitative analysis provides six research topics, each presented in separate subsection. Discussion and further suggestions are provided in Section 4 for the research topics identified in the results. The last section presents the conclusion, in which the importance of digital transformation is highlighted.





2. Sources and Methods


2.1. Systematic Literature Review


Researchers use systematic literature reviews (SLR) to provide readers with syntheses and analyses of research in specific subject areas, as well as to establish a framework for future research [32]. The approach is particularly suitable when the analyzed subject is fragmented across fields of study [33], which has previously been portrayed for the area of digitalized stakeholder management practices. In this study, a selection and analysis of papers is conducted following the established PRISMA statement methodology [34], where PRISMA stands for “preferred reporting items for systematic reviews and meta-analyses”. The PRISMA statement is a checklist covering all critical issues that should be reported and consists of a flow diagram that presents the research procedure. The paper adopts the PRISMA statement to avoid errors and bias and provide high-quality results. For qualitative and quantitative content analysis of the chosen papers, we used the guidelines provided by Seuring and Gold [35] on how to properly conduct and report a content analysis type of literature review. For content analysis purposes, we iteratively developed precise codes related to our research topic [35] and presented them in a table codebook (Table 1) [36].




2.2. Research Procedure


The SLR approach is consistent with suggestions made by [33,35]. It is compatible with the PRISMA method and includes the following steps:




	
Identification of initial studies;



	
Title, abstract, and keywords screening;



	
Full-text screening;



	
Qualitative and quantitative analysis of included papers;



	
Detecting possible future research streams;



	
Stating the research limitations;



	
Presentation of summarized results and new insights.








We followed a PRISMA procedure which contains four main stages (Figure 1) and provides clear method for the retrieval of a final set of papers, which are then analyzed.



In stage 1 (identification), we conducted a comprehensive exploratory desktop literature search through two major databases of scientific literature, namely “Web of Science Core Collection” and “Scopus”. These databases are the largest citation and abstract databases of peer-reviewed literature that deliver an overview of the world’s research output in the fields of technology, science, etc. [37]. This stage was done through sub-stages of computer search and filtering. Computer search was done through keywords for “digital” and “stakeholder management”, which was searched in context of “construction projects”. Each keyword was supplemented with various expressions used as a proxy, i.e., “construction* project*” was supplemented with “AEC industry*”, “construction industry*”, “infrastructure mega-project*”, etc. Stakeholder management has been categorized and classified into the several processes and practices of stakeholder analysis and stakeholder engagement presented in the previous section, so we used them as a proxy for the stakeholder management discipline. Furthermore, we divided “stakeholder” and “management” (and their proxies) in order to prevent excluding valuable sources because expressions are often stated in various ways, i.e., “managing project stakeholders”. For “digitalization” we also used various proxy terms, i.e., keywords such as “BIM”, “ICT”, “cloud”, “social network analysis”, etc. These proxy terms either carry the same meaning as “digital*” or are associated with ICT tools and systems, which are very commonly used for practices of stakeholder analysis and engagement. An initial search retrieved 2065 items. Filtering was done using WoS and SCOPUS filters to exclude items that were not remotely related to the broad fields of engineering and management and those which were not journal articles. Finally, we removed duplicates and finished this stage with 748 journal articles compared to the 2065 items which were retrieved in the initial database searches.



In stage 2, screening was performed on 748 journal articles that were screened by their title, abstract, source, and keyword list. We screened out journal articles which were not written in English, were not associated with the digitalization of stakeholder management processes (i.e., articles dealing with a “BIM-Based Research Framework for Sustainable Building…”), and did not fall into the construction project management context (i.e., articles dealing with the “Industrial Revolution 4.0 in the construction industry….”). This resulted in the exclusion of 648 journals articles, so 100 remained for stage 3.



In stage 3, the goal was to check papers for eligibility and retrieve a final set of items which would undergo quantitative and qualitative analysis. Journal articles were visually examined, and each article that did not provide any valuable conclusion on a digitalized approach to various stakeholder analysis or engagement practices (i.e., articles dealing with “Relationally integrated value networks (RIVANS) for total facilities…”) or, in other words, that did not explicitly link stakeholder management practices with any form of ICT was excluded. Furthermore, in this stage, we performed a snowball approach by analyzing the literature references in the examined articles, and we also performed a brief Google search to assure that every relevant source was included. Through our search, we found two additional ICT systems for construction stakeholder management and retrieved a few more sources and added them to our final set.



Finally, in stage 4, the contents of 69 eligible articles and 4 other sources were considered for a content analysis. For this study, content analysis was appropriate because it could be used to determine the major facets of a set of data by counting the number of articles that elaborate a specific process, ICT tool, or topic [38]. Additionally, both qualitative and quantitative analysis methods were employed in this study. We focused our qualitative content analysis on the identification of research topics and findings (specifically the connection between an ICT tool or system and stakeholder management process); the project phases studied (three major phases of conceptualization, design, and construction); the main research methods used in the article; publication chronology; and source attributes (research journal and author/s). On the other hand, a quantitative content analysis was conducted to statistically categorize the identified contents in each article.




2.3. Content Analysis of Retrieved Articles


For the content analysis-based literature review, we followed guides that are provided by Seuring and Gold [35]. The coding rules (Table 1) offered a highly reliable method for the quantitative and qualitative analysis of the papers. We followed a two-step process approach elaborated in [35] of developing a pattern of analytic categories: after the basic frame of categories and dimensions (e.g., codes) has been established on the basis of existing theory, single categories are inductively refined during the coding process. Initial coding rules were developed iteratively, as were six research topics which were identified based on codes. In addition to usual codes for scientific articles (i.e., journal name, authors, title, publication year), we also added our own to enrich the overall descriptive and qualitative content analysis (Table 1). Two coders iteratively conducted the content analysis on the full manuscripts of the selected articles, which ensured the reliability of the analysis [35]. In descriptive analysis, we analyzed 69 journal articles for each point of analysis (e.g., each code), and in the qualitative content analysis, we added the other four sources (webpages), which means that 73 sources were qualitatively analyzed.





3. Results


In this section, we present the results of the content analysis, which was divided into two streams. First, we present the descriptive analysis which was done through various points of analysis (codes in Table 1), and the second section presents the results of the qualitative analysis. Descriptive analysis provides general information about research journals, years of publication, and research methodology applied in each article. Furthermore, we investigated the phases of the construction project that were analyzed in the articles, and we concluded descriptive analysis with identification of ICT systems and the stakeholder management processes for which they were used. The descriptive analysis provided sufficient insight to recognize the specific topics in stakeholder management digitalization. These topics are subject of further examination, which is done through content analysis in the second subsection of this section. Content analysis provides detailed and broad insight in the digitalized construction stakeholder management research field, where points of analysis are digitalized stakeholder management practices which provide transformation and improvements in stakeholder analysis and engagement.



3.1. Descriptive Analysis


In the methodology section, it can be seen that 69 sources were journal articles, and there are an additional four other sources (e.g., websites). Descriptive analysis is made for all journal articles, which were analyzed through structured coding (Table 1), and four websites which do not fall into the coding scheme were added in the qualitative content analysis.



In Table 2, the distribution of selected publications in different journals is represented. These journals covered the research area of the digitalized approach to various stakeholder management practices. The papers included in this study were published in 37 journals. There is no single prevailing journal for the observed research area, but two journals encompassing the field of ICT in construction (project) management are logically the most popular on this subject. Automation in Construction and the Journal of Information Technology in Construction each published seven articles on this topic, followed by the International Journal of Project Management with six and the Journal of Construction Engineering and Management with four articles. These four journals published more than one third of all articles dealing with the digitalization of stakeholder management practices, and more than half of the articles are published in the first eight journals (Table 2).



Based on the year-wise distribution of the selected articles (Figure 2), we identified three specific periods: the first period was before 1999, when this subject was not explored; the second was a 16-year period from 1999 to 2015, when 19 scientific journal articles were published, which is slightly more than one article per year; and the last was the 6.5 year period from 2015 to 2021, when this research field is being researched at an accelerated pace. As many as 50 scientific journal articles were published in the last 6.5 years, which emphasizes the importance of the area dealing with digital construction stakeholder management.



We classified the research methodologies into six categories which are based on the dominant research method used in article (e.g., mixed methods articles consisted of a few equally addressed research methods).



The seventh category to which we refer as “other research methodology” comprises seven articles, each having a specific research methodology which does not fall into any stipulated category (Figure 3). Almost half of the selected articles are based on the case study methodology, which comprises various means of data collection and analysis, followed by mixed methods, conceptual frameworks, surveys, and articles that elaborate the process of software application development. Additionally, two review articles came up in the selected papers, and seven articles had a specific methodology that did not appear in any other article.



A large portion of the selected articles addressed the specific project phase on which they conducted their research. This encouraged us to examine each article and determine which project phase was in focus. First, we determined three project phases, namely the conceptualization, design, and construction phases. The articles either observe one or multiple project phases and thus fall into one of the categories shown in Figure 4. Furthermore, there are articles in which the authors reported observations regarding previously completed projects which they chose for a case study. These observations referred to a particular project phase, or the ICT usage described in the project was applied throughout the whole project lifecycle (e.g., all phases). Thus, we added a category encompassing all project phases. In nine articles, the authors either elaborated the basic principles of digital stakeholder management practices, or they conducted a survey in which it was not possible to claim with certainty which phase was addressed (i.e., opinions of practitioners were surveyed), so they were labeled as non-applicable (N/A). We coupled the project phase with the construction stakeholder management process which was addressed in the article, and this is shown in Figure 4.



The most relevant codes we used in the analysis were the code referring to the ICT technology or system described in the article and the code referring to one of two major stakeholder management processes that was applied in digital form. Additionally, interesting information on this subject consists of knowing which types of stakeholders were addressed, so we used the classification provided by Winch [39], which categorizes stakeholders into two major groups of internal stakeholders (i.e., contracted parties such as the contractor) and external stakeholders (i.e., indirectly involved such as the affected local community). As this paper’s main goal is to systematically examine the literature dealing with the digitalization of construction stakeholder management practices, we organized the information in Table 3 to portray which ICT systems are used by particular stakeholder groups and more importantly for which stakeholder management processes. We also added a year-wise distribution of these articles in Table 3, which is linked to stakeholder management processes, to present the results more accurately. To explain the social network analysis approach to stakeholder analysis in more detail, we divided the stakeholder analysis process into the pre-engagement analysis done as a part of project planning and the post-engagement analysis done for the purpose of the evaluation of the actions and influences of stakeholders. The information organized in this manner helped us in detecting the specific topics in construction stakeholder management digitalization, which will be further elaborated in qualitative content analysis.




3.2. Content Analysis—Construction Stakeholder Management Digitalization


The results of the qualitative content analysis were presented through six main topics that connect digital (ICT) technology (tool or system) with various types of stakeholder management processes and practices. Topics were developed iteratively by a thorough analysis of ICT systems used to digitalize stakeholder management practices, and some articles covered a very broad research field. The first topic presented in this section (nine articles) covers a broader research area than the other five. It encompasses early concepts and ICT development models dealing with the digitalization of construction stakeholder management practices, i.e., collaboration and communication between stakeholders. Additionally, in this broader topic, we included articles which described advanced digital approaches to project and stakeholder management using multiple ICT systems. Thus, this first topic briefly introduces most of the ICT technologies and digitalized stakeholder management practices which are more thoroughly explained in the other five topics.



The other five topics have a strong focus on one ICT system. Assigning some articles to one research topic was challenging because they dealt with more than one ICT system. The criterion used to categorize articles was the main ICT technology used to perform stakeholder management, i.e., an article describing SNA analysis of the stakeholder network was placed in the SNA category, even though data were collected through social media, which represents another category. Another example is an article describing a virtual reality (VR) approach to designing review communication between end-users and designers that was placed in VR/AR, even though the initial VR model was based on a BIM model (e.g., BIM represents another topic). The approach to categorization is based on detailed qualitative insight in every analyzed article, leaving us with sufficient conviction that the articles are properly categorized.



The second topic (14 sources) presents web technology and web-based (cloud) applications, which provide a more comprehensive and formal approach to construction stakeholder management than any other ICT approach. Cloud applications in the construction industry can be grouped into three major groups: cloud computing (1) in construction management, (2) in design and engineering, and (3) in BIM [40]. Following this line of thought, we ascribed every article dealing with some form of web-enhanced BIM or VR to these other ICT systems (e.g., VR or BIM), which are primarily addressed. Thus, this second topic encompasses articles dealing specifically with the web as a primary ICT approach to stakeholder management. The third topic is BIM (15 articles), which is further divided into a subtopic dealing with a regular BIM approach to stakeholder collaboration and another dealing with BIM enhanced with web or some other technology (e.g., cloud-enhanced BIM). The fourth topic (10 articles) addresses a virtual and augmented reality (VR/AR) approach to the involvement and communication with construction project stakeholders. The fifth topic (seven articles) refers to social media as an ICT tool to manage the wider stakeholder community, and the sixth topic deals with social network analysis methods done through various software applications.



3.2.1. Various ICT Concepts, Approaches, and Tools to Digitalize Stakeholder Communication and Overall Management


This first category encompasses six papers dealing with concepts and the wider technological and organizational context of ICT implementation for purposes of stakeholder collaboration. Another three papers presented a broader approach to ICT implementation for stakeholder management purposes by elaborating the combined usage of a few different ICT tools.



Various ICT Concepts and Approaches to Digitalizing Stakeholder Communication and Analysis


The term groupware, dating from 1978, is defined as intentional group processes plus software, and a few different types of ICT systems that were later researched fell into this category, namely computer-supported cooperative work (CSCW), group decision-support systems (GDSS), and computer-mediated communication [41]. Papers dating to the early and mid-2000s emphasized communication as the key aspect of construction project management that was affected by ICT [24,41], and they dealt with issues of how to properly implement ICT for collaboration in order to increase productivity in various construction processes. Considering ICT through the perspective of critical social theory, Adrianesse et al. [22] concluded that contracts, different stakeholder interests, and the different language used by stakeholders influence ICT-supported communication activities and that it is very important to further develop ICT in a way that supports both strategic and normative regulated activities. Arayici et al. [42] analyzed computer integrated construction (CIC), which consists of ICT systems designed to facilitate collaboration between a geographically dislocated set of construction stakeholders (i.e., ICT tools for client briefing, site planning, etc.). They concluded that requirements engineering is necessary and a significant enabler for proper implementation because it brings a shared understanding between end-users (e.g., various stakeholders) of ICT systems. Similarly, Ahuja et al. [43] developed IT-enhanced communication protocols for building project management targeting small and medium enterprises (SME) because every supply chain member must use the same communication methods in order to achieve proper ICT-supported stakeholder collaboration. Marshall-Ponting and Aouad [41] developed the concept of the nD model, defined as an extension of the 3D building information model which would allow what-if analyses to be performed (i.e., knock-on effects for time, cost, etc.). They [41] envisioned VR as an ICT tool which should provide a means to visualize nD models and lead to the development of transdisciplinary thinking in design and construction by involving other stakeholders’ requirements (i.e., end users) in building models. A different type of ICT research stream consists of multi-agent systems (MAS) emerging from the artificial intelligence field, where the agent is a computer system that can act autonomously to reach its objectives, and it is used to analyze and simulate sophisticated patterns of interactions, such as cooperation or consensus [44]. Building on previously validated organizational simulation tools (e.g., MAS), Du and El-Gafy [45] developed the multiagent-based behavioral simulation model ABM to tackle the issue of goal incongruence between various stakeholders in the project proposal phase.




Implementation of Various Combined ICT Tools for Engagement and Collaboration of Project Stakeholders


In urban highway reconstruction, a major challenge is to balance the mobility needs of public stakeholders and the construction needs of the contractor [29]. In the case presented in [29], the transportation agency (e.g., the project owner of the highway project) made and disseminated nine 3D drive-through animations and a 4D animation (e.g., using various ICT tools) that virtually depicted the construction process of the project with upcoming activities, and they reported great improvements in the coordination and satisfaction of stakeholders. In one large metro rail project, ICT was used in the form of 3D CAD visualizations, traffic simulations, and social media comments to persuade stakeholders and reach mutual satisfaction [25]. Additionally, simulation and social media were used to frame some project events in a way that was mostly in line with solutions presented by the project team, and a third way of strategic use was to hegemonize the support of public stakeholders [25]. Zhou et al. [46] presented a framework for a smart construction site with its three key elements including an information support platform, collaboration work, and intelligent construction management, which included several ICT systems such as BIM, Internet of Things, GIS, etc. They highlighted the need for a good information support platform and greater transparency of site information for all project stakeholders in order to achieve innovative management modes which are more cooperative and productive.





3.2.2. Web Technology, Web-Based Applications, and ICT Tools as Means of Comprehensive Project Stakeholder Management


This topic includes 14 sources dealing with a web-based approach to stakeholder management. Eight articles covered a wide range of digital approaches to construction stakeholder management based on the web. Another six sources (e.g., two articles and four websites) analyzed two web-based applications which are made solely for the purpose of formalizing stakeholder management processes and practices.



Web Technology and Web-Based Applications Used to Digitalize a Variety of Different Stakeholder Management Practices


Early papers (late 1990s and early 2000s) refer to web-based ICT systems as those which use the Internet and the World Wide Web (WWW) [47,48]. One of those web-based ICT systems, “Total Information Transfer System” (TITS), enabled users to share text, graphics, audio, and video through “web pages” and “hypertext” links [47]. The most advocated benefits of web-based systems were enhanced information sharing and communication and the ability to generate cost savings through the usage of the Internet [28,47]. Similar to TITS, ProjectCentre was a web-based application used by project team members to manage correspondence, requests for information, instructions, variations, drawings, etc., and there was also a public area available where the general public could review “project newsletters” and other documents [48]. It is important to note that even early versions of web-based applications provided features to conduct management of both internal and external construction stakeholders. A large portion of ICT systems encompassed features suitable for the construction phase of a project, and the Construction Dynamic Teams Communication Management (Con-DTCM) system [28] was made specifically for small-to-medium sized subcontractors and suppliers, thus enabling general contractors to manage their stakeholders. Some features of Con-DTCM are a schedule management module, costs, assets, online communication, and multimedia, and there are many others. Chung et al. [30] analyzed computer-supported cooperative work (CSCW) platforms covering the same broad area of digital stakeholder communication and cooperation. However, they presented a collaborative client briefing framework, which the shifted focus of web-based applications to the early project development phase (e.g., client briefing), enabling users to visualize the whole “requirements identification” process in a graphical form. Wang and Zhang [49] presented a tailor-made web-based project management system (named ICPMS) developed for one major developer, and it encompassed a common communication platform for the project participants, coordinating the company headquarters, construction sites, and consultancy offices. Another similar type of web-based ICT consists of digital construction-phase information management (DCIM) systems, which were analyzed from the public client perspective (e.g., Departments of Transportation, DoTs), and respondents strongly agree that DCIM systems can improve an organization’s overall business processes [2]. Web-based applications for the construction industry were primarily oriented toward the support of construction management actions, and features for construction project management that supported the management of broader project stakeholders were developed later.



Web ontology (or the semantic web) can be used to support heterogeneous data transfer and integration through web services; thus, to facilitate the collaboration and information exchange of supply chain stakeholders, an ICT system based on ontologies was developed, assisting stakeholders in using their own machines storing data but using a common platform, which improves data integrity [50]. A different approach focusing on quantifying data privacy, security, and performance was developed to test the adequacy of each web-based system linked in a federation of computational infrastructure from multiple stakeholders (e.g., architects, engineers), and this improved the on-time completion of projects and enhanced collaboration performance [51]




Stakeholder Circle Tool and Darzin Software—ICT Tools for Stakeholder Management


The Stakeholder Circle tool is primarily used for the visualization of stakeholders and their influence on a project [12,19]. Its key elements are concentric circle lines that indicate the distance of stakeholders from the project delivery entity, the size of the block and its relative area, which indicates the scale and scope of influence [12]. The Stakeholder Information Management System (SIMS) database is a sophisticated tool, based on the Stakeholder Circle tool and method, designed for the identification, analysis, and management of a single stakeholder community of a project, and it was transitioned to “the cloud” (SaaS or an organization’s internal web server) [52]. It has many features such as recording of the stakeholder data, automatic calculation of their priority to the project, drawing of the stakeholder circle, etc., and it helps the project team to perform comprehensive stakeholder management.



Another even more comprehensive ICT tool for stakeholder management is Darzin software, which is similar to a CRM but specifically for managing stakeholders [53]. Darzin software is a robust tool which helps in mapping and segmenting stakeholders, keeping their details up to date, and it records all SM activities, so it is possible to look at which project team members have been interacting with a stakeholder, when, and what the topic was [53]. Furthermore, there is an option to create surveys and publish them on a website, and collecting stakeholder feedback is made simple; in addition, each type of project interaction with a stakeholder is easily traceable (i.e., an online discussion forum, a survey, a face-to-face meeting, or an email) [54]. Examples of Darzin software usage on real projects show its ability to lead stakeholder engagement through all project phases, i.e., a USD 10.9 billion Metro Tunnel mega project had very frequent consultation with its stakeholder community, which is shown in Darzin software engagement statistics (e.g., 19 community sessions, over 1500 attendees, 180 meetings, and 50 presentations, etc.) [55].





3.2.3. BIM Collaboration as Means of Engagement and Integration of Internal Construction Project Stakeholders


This section includes 15 BIM-related articles which are divided into two subsections. The first deals with regular BIM-supported collaboration of construction stakeholders, and the second subsection encompasses articles dealing with BIM collaboration enhanced by web and other ICT technologies.



Regular BIM Used for Integration and Collaboration of Construction Stakeholders


Many governments and authorities have openly accepted BIM in the construction industry to provide the required information exchange between stakeholders, and thus they have supported changes that should lead to increased productivity, efficiency, quality, reduction of costs, etc. [56]. One remote construction project architectural firm used BIM to collaborate with the main contractor and other personnel on site, which resulted in increased and very effective collaboration in comparison to prior remote projects [56]. Furthermore, one utility relocation project BIM 3D visualization enabled clash detection and coordination of designers and various utility stakeholders [57], and an in metro-rail project 3D visualization was successfully used to persuade external stakeholders to support the project’s goals [25]. A BIM 4D simulation enabled the tracking of actual progress of relocation works and thus improved coordination in the construction phase [57]. In many cases of BIM usage, the benefit of better coordination is reported, and Maskil Leitan and Reychav [58] conclude that BIM leads to the formation of a new and possibly much more cooperative organizational infrastructure in which conducting proper stakeholder management can greatly contribute to project success. BIM influences stakeholders’ framing of event patterns throughout project delivery because of changes occurring in information landscapes, i.e., sources and flows of information are different in BIM projects [59]. Some examples of good BIM implementation point to the high importance of the BIM managers and BIM coordinators in the project stakeholder network, demonstrating the effectiveness of these two new roles in managing the flow of communication [60]. Kapogiannis and Sherratt [61] refer to BIM as an integrated collaborative technology, and they discovered that these types of technologies can boost collaborative culture throughout a project. According to Mutis and Ramachandran [62], BIM technologies and teamwork should be configured to adapt to one another and enable the effective performance of distributed and collocated work tasks, which is often not the case. Kapogiannis and Sherratt [61] corroborate this line of thought and highlight the Chartered Institute of Building’s conclusion that the construction industry has failed to implement BIM maturity level 2 due to a lack of understanding of how to collaborate.




Upgrading the BIM Collaborative Capabilities with Web and Other ICT Technologies


To address the issue of cooperative work in BIM, Mutis and Ramachandran [62] developed the BIMbot cognitive assistant that informs and advises on activities, engages team members together in a task, and facilitates fundamental actions for shared understandings. The dialog-based agent design of BIMbot was based on machine learning algorithms, and it uses a combination of technologies and resources for the successful pro-active exchange of stakeholder dialogs [62]. With a similar intention, Lin et al. [63] developed a database-supported and BIM-based CMI (DBCMI) system for general contractors which integrates BIM with web technology and allows users (e.g., project managers, BIM engineers, etc.) to communicate various interface issues. Cooperative scheduling which includes subcontractor contribution is a rarely adopted method because collaborative interfaces and ICT tools are not user friendly for new or inexperienced users, so Tallgren et al. [64] developed a web-based VPP application for collaborative BIM 4D scheduling which was used and evaluated on a real project case. Users stressed the improved legibility of the schedule as well as a better overview of the tasks and agreed that VPP really supports cooperative scheduling [64]. Another approach on a similar issue was the development of a web and database-supported visualization platform that enables real-time information sharing of daily 4D BIM. This platform enhanced communication and collaboration among project participants in comparison to a file-based 4D BIM approach [65]. The collaboration of stakeholders (i.e., suppliers) is fundamental to successfully achieve the objectives of precast construction within the allocated time and assigned cost, and this issue led to the development of a collaborative tool comprising cloud computing, building information modelling, and context awareness (e.g., CACCBIM) [66]. By considering important features of data ownership and privacy in a cross-party collaboration study, [67] proposed a multi-server approach based on a private cloud for BIM data sharing and management in which different stakeholders can collaborate smoothly while retaining ownership and control of their data. BIM and web technology might not be enough to significantly improve collaboration, so one case study implemented both public (shared room) and private workspaces (e.g., personal laptops with BIM for each stakeholder) [27]. The study showed that collaborative workspaces with direct and indirect communication channels indeed enhanced communication and collaboration [27]. Another study that came from interactive workspaces similarly concluded that the exchange of product BIM models needs to be complemented with easy-to-use, easy-to-set-up information sharing and interaction approaches [68].





3.2.4. Virtual and Augmented Reality (VR/AR) as Means to Enhance Collaboration in Design Phase and Involve End-Users in Early Project Phases


There is evidence indicating that current communication practices fail to meet the requirements of increasingly complex projects, and a trend of creating a digital communication environment between stakeholders has been noted [69]. The AR/VR market in the United States could be as large as USD 182 billion by 2025, proving that VR is a versatile tool for creating a collaborative environment [70]. Communication tools and affordance in AR/VR are manifested through several forms: text-based tools, voice chat tools, visual sharing affordances, and avatars [69]. VR provides a shared visualization of information and immersive environment for users to explore, communicate, and meet with others [69] and thus alleviates the issues of visualization on mediums such as computer screens which lack some degree of immersion [71]. Another problem with conventional collaboration methods such as BIM-Big room is the need for the physical presence of participants in a room [71], while VR allows geographically dislocated stakeholders to collaborate [58,59]. Balali et al. [70] propose a VR-based framework for interior finish material selection, incorporating both visual aesthetics and associated cost impacts. Through their method [70], they offer stakeholders an interactive and immersive environment to interact with a three-dimensional model and visually receive an updated cost estimate in real time, thus providing benefits such as end-user design involvement, end-user satisfaction, and reduction of design changes. Anderson et al. [72] discovered that avatar movement and position were effective at communicating the non-verbal information of stakeholders and that collaboration was enhanced when gesture bubbles were used for backchannel communication. Chalhoub and Ayer’s [73] results suggest that mixed reality (MR) used as a construction site tool enabled a significantly higher productivity rate; reduced the time required to understand the design; led to fewer errors; and increased the number of accurately constructed conduits, thus showing that it improves the engagement of site personnel. Project communication was enhanced by Dinis et al.’s [74] new workflow, which coupled laser scanning and virtual reality (VR) within building information modelling (BIM) and brought an alternative approach regarding the definition of expected requirements, qualities, and specifications valued by stakeholders (i.e., project owners). Similarly, Ventura et al. [75] formed a process map representing all the necessary phases and activities to consider for the effective adoption of immersive VR to evaluate design intents with clients and end-users. The investigation of Abbas et al. [76] showed no large statistical difference in IVR-based and face-to-face (FtF) communication in terms of discussion quality, communication richness, and openness, but FtF did show slightly better results, and this led to the conclusion that immersive reality needs improvement to better represent realistic interactions. The issue mentioned concerning interactions in VR motivated Du et al. [40] to introduce a cloud-based multiuser VR headset system called collaborative virtual reality (CoVR) with the option of face-to-face conversations in the virtual world, which helped project stakeholders create a shared vision.




3.2.5. Social Media as Modern Means to Engage Public Stakeholders and Internal Project Team


Social media platforms have become omnipresent in our daily life, and this is due to their convenience of use; users access social media from their smartphones at any time and from any place [77]. Social media entered into the field of project management, and it has been increasingly used in communication with construction project stakeholders [77]. Some scholars predict that new digital ways of communication will transform project stakeholder management, providing both opportunities and challenges [78]. The most common use of social media has been reported in the engagement of public stakeholders [25,79], which is corroborated by the fact that the usage of social media is constantly on the rise in large U.S. state transportation agencies [80]. Minooei et al.’s [80] survey on the STA’s personnel showed that social media is ranked high in both effectiveness and frequency of usage and that it is considered highly effective in building trust among stakeholders. Furthermore, social media (e.g., Twitter) can help to handle the complexity of soft and context-sensitive issues for modern urban infrastructure [81] because it encourages the micro-participation of numerous public stakeholders (i.e., citizens) [82]. Ninan et al. [25] showed an example of how social media was strategically used to influence the project community, and Ojelabi et al. [83] examined the social media practices of construction companies and concluded that their implementation is very basic, lacking the elements of serious stakeholder management based on social media. The challenges of using social media (i.e., Facebook, Twitter) for consulting and informing public stakeholders must be taken seriously because there is a risk of a perceived lack of responsiveness [78]. Al-Shehan and Assbeihat [77] pointed to the fact that project managers are increasingly using various types of social media for management of their internal team because it is a very efficient (fast with low cost) way to carry out information. Beyond a communication tool, online social media can be used for the analysis of connectivity among project stakeholders and can help to understand the typology of a project’s online followers by segmenting their vested interests [82], while combining it with existing approaches provides a stronger basis for planning management strategies [84].




3.2.6. Social Network Analysis for Robust Pre- and Post-Engagement Analysis of Stakeholders


The concept of social network analysis (SNA) developed out of social network theory, and its application incorporates mathematical, statistical, and computing methodologies [85]. Furthermore, SNA is based on methods and tools of graph theory [86], and various software packages can be used to visualize the relationship network, including UCINET, NetMiner, NetDraw, Pajek, etc. [85]. Social network analysis is used by project managers when they want to understand how the interaction in the project occurs, how strong the connections are between team members, who is the key stakeholder, etc. [86], and Doloi [87] points out that prior to analysis, stakeholders should be identified, i.e., by their project roles. Mok et al. [88] used SNA in cultural building projects to recognize the key actors and critical stakeholder concerns, while Almahmoud and Doloi [89] used it to map stakeholders with respect to their relative stakes and seven social core functions. In different contexts, SNA was used either to identify key stakeholder(s) [49,87,90], which requires an analysis of network node characteristics, or to analyze the whole inter-organizational communication network [91,92], which focuses on overall network measures. Usually, communication data are extracted from a project and used as input to SNA software calculations, and these data can be based on, i.e., plotting the contractual stakeholder relations for analysis prior to conducting stakeholder engagement or combining it with real project communication for post evaluation purposes [91]. Various other stakeholder and/or project characteristics can also be input into SNA, i.e., stakeholder power [93]. SNA was also used with other methods to provide even more insightful stakeholder analysis, i.e., it was combined with a social performance index [94], and in another example, it was combined with Louvain’s algorithm in what if analysis to predict situations if other stakeholders are invited to the project network [95]. Furthermore, Yu et al. [96] used SNA to investigate the social risks related to housing demolition from a stakeholder perspective, and their inputs in this merged stakeholder-risk analysis were stakeholder-associated risks. Nik-Bakht and El-Diraby [79,92] analyzed project discussion networks on social media and conducted analysis for different project stages to unveil the relevance of public stakeholder management to the whole life cycle of construction projects. They concluded that community inputs and interactions are becoming critical criteria for project management, and SNA is a great help in making sense of complex project stakeholder networks.






4. Discussion—The Need for Digital Transformation to Enable Digitalized Construction Stakeholder Management


4.1. Various ICT Concepts and Approaches to Digitalize Stakeholder Communication and Management


In this broad topic, many papers have dealt with the question of how to implement and develop new ICT systems and how to obtain the most out of recently developed advanced digital technologies. In the case of the presented multiagent systems (MAS), there is a need for external justification to increase the applicability of developed simulation systems [45]. There is also merit in further investigation of integrating MAS and other ICT systems such as BIM [44]. Even though visualization and simulation have brought obvious benefits to project managers in terms of stakeholder management, public relation savings, and smoother stakeholder relations [25,29], there is still the question of proving the value for money. The responsibility to justify expenses in ICT infrastructure, which can be relatively high, opens up the research question of how to calculate the cost–benefit analysis of implementing various ICT systems [29].



The need for alignment of ICT and common communication protocols in construction project management is highlighted [24], and authors are pointing to the fact that without people first fully embracing the concept, ICT will not contribute much. They have stated the need for structural cooperation between ICT vendors and user companies [24], which can be interpreted as a call for greater involvement of construction industry stakeholders in the development of ICT systems designed for them. This is in line with other research in this field [41,43], which has emphasized the need for a user-centered approach to the development and implementation of ICT systems, which covers collaborative work between various construction stakeholders. Marshall-Ponting and Aouad [41] concluded that short-termism and the adversarial nature of the construction industry are deemed to be the biggest barriers to implementation, but also warned that it is crucial to carefully manage the expectations of industry professionals concerning new ICT and thus to prevent disappointment. A few combined ICT systems were tested for the purpose of managing construction site stakeholders [46], and the study suggested that the focus should be on how to tailor ICT systems to ensure effective collaborative work among different participants, because even with a carefully planned collaborative system, there are still difficulties with managing the ICT collaboration of multiple firms.




4.2. Web Technology, Web Applications, and ICT Tools as Means of Comprehensive Project Stakeholder Management


There are calls for the development of more innovative ICT tools and improvements in implementation procedures, but issues of cultural barriers and difficulties of changing the traditional way of working in the construction industry are still present [48]. This very much resounds the same issues mentioned in the previous section. Furthermore, there is the problem of initial costs for setting up new ICT systems and additional time [28,30], but also there is evidence that the savings from using web technology to enhance collaboration achieved throughout the projects is greater than the costs. The experiences of some ICT implementations are still showing signs that web-based applications are not tailored enough for multiple firm usage [2], and furthermore, many firms are in the category of SME and thus unable or unwilling to pay usage fees [28]. There is room to further explore how to make web apps cheaper and more available for widespread usage. Additionally, the authors of [30,51] admit that newly developed frameworks and models (e.g., the client briefing framework or federated cloud evaluation) are better suited for large scale projects and multiple stakeholder contexts, leaving room to explore web apps for normal scaled projects. For stakeholder circle apps, there is room for improvements in terms of adding visualization of stakeholder networks [12] and also the question of whether the stakeholder management process should be somehow merged with risk management [97]. Darzin software seems to be the real deal in a comprehensive digitalized approach to stakeholder management, but the only reports in usage come from Australia [13]. It could be concluded that even though web applications and web technology seem to be very robust, widespread adoption has not occurred, which is the opposite to dominant scholarly predictions in early 2000, when most of the community thought that web technology would swiftly and radically transform management practices.




4.3. BIM Collaboration as Means of Engagement and Integration of Internal Construction Project Stakeholders


Many benefits are advocated in the case of BIM implementation, but projects with BIM face organizational challenges that limit collaboration, which led to the conclusion that external assistance may be required to change the status quo [56]. Project change management processes in BIM projects have shown that if we want to perform BIM-supported change management there, it can only be done if we re-engineer construction change management processes, adjusting both the workflow and the organizational units involved [98]. Liu et al. [59] echo the BIM-coordinating architect they interviewed that it is not right to bear the responsibility for the BIM model if other project participants drew it, and they conclude that there are too many unaddressed obligation issues in current BIM practices. To achieve benefits from the BIM collaboration of project stakeholders, besides alignment with the work activities, a willingness to adopt BIM is also considered as a crucial factor [57]. The novel IPD delivery system has proven advantageous in assuring smooth BIM collaboration; nevertheless, a separation between technological coordination and IPD team management should be made, and there is a need to properly manage stakeholders in this project setting [58]. Future research should also analyze the cost benefits for, i.e., web-based BIM 4D scheduling [65] and devise methods to translate the collaboration leverages of interactive public workspaces in the distributed meetings domain [27,68]. Godager et al. [99] presented the emerging enterprise BIM organization concept (EBIM) and emphasized the need for ICT standardization and best practices for interdisciplinary collaborative projects. Shrahily et al. [100] conclude that communication remains a major issue to achieve BIM Level 3 in the UK, as it requires all organizations involved to use a single platform to facilitate communication, which further corroborates the need to develop the proper organizational context for multi-firm collaboration in BIM.




4.4. Virtual and Augmented Reality (VR/AR) as Means to Enhance Collaboration in Design Phase and Involve End-Users in Early Project Phases


The usage of virtual reality and similar technologies (e.g., AR and MR) has risen in recent years, but it is still relatively new ICT in the AEC industry, and at this stage of development, technology is quite expensive [40,76]. Zaker and Coloma [71] highlighted that further research and development should deal with making these technologies more affordable, while Ventura et al. [75] call for an appropriate framework for measuring the actual added value of VR systems implementation. There is room for various improvements to make VR/AR more adjusted to the communication needs of AEC industry stakeholders [71], and one research stream should deal with improving the accuracy of the data collected and analyzed in such environments so that they represent physical environments more realistically [69,101]. Current VR/AR affordances (i.e., text-based chat, avatars, etc.) proved to be useful, but there is still a need to develop more affordances to better meet stakeholder communication requirements [69,76]. Future works in the field must also be focused on the education of students and industry professionals to enhance overall awareness within the AEC industry stakeholders [71]. Additionally, it is very important to avoid focusing more than necessary on technological aspects, because there is a great importance to include a procedural perspective in research, which should address issues such as contractual aspects of VR adoption in design review meetings in relation to the validity of the VR representation, considering both the level of information need and the stakeholders involved in the analysis [75].




4.5. Social Media as Modern Means of Engagement for Public and Community Stakeholders


Social media has proven to be a modern tool for the engagement of various stakeholder groups because of its widespread usage for communication and sharing of various types of information. Ojelabi et al. [83] concluded that social client relationship management (CRM 2.0) based on social media is not recognized in the construction sector, while it is often used in various other industries. According to this study [83], even if the concept of CRM 2.0 is implemented in a construction business, lack of control and lack of effective communication of protocols to employees are potential threats to business, which is in line with some other suggestions that it would be advisable to regulate and professionalize social media usage as a stakeholder management tool [77]. Al-Shehan and Assbeihat [77] advise project managers to fuse offline and online strategies to improve more effective stakeholder management, which is in line with Ninan et al.’s [25] predictions that social media usage for external stakeholder management can vastly contribute to successful engagement. Williams et al.’s [84] findings indicate that the majority of online stakeholders opposed the observed project, and they formed stable clusters that were not prone to a change of heart no matter what engagement strategy was used, probably because the engagement of the affected community started too late. Conducting an analysis of stakeholder concerns using, i.e., Twitter in order to improve the planning of public stakeholder engagement can be misleading because there are always groups who are not vocal in an online environment or simply are not active with particular social media (i.e., Twitter) [81], and there is also the issue of confidentiality of the project-related as well as follower-related information [82]. More detailed insight into stakeholder engagement through social media monitoring of online communication must be applied as a continuous process over different phases of the project, and measures should be improved to focus on closer types of connection and stronger ties among project followers, e.g., observing the number of retweets [82].




4.6. Social Network Analysis for Robust Pre- and Post-Engagement Analysis of Stakeholders


Lin et al. [93] caution on the generalizability of SNA analysis and point out that it can only show the general perceptions of stakeholder power, because under different project delivery approaches or different project types, the distribution of stakeholders’ power and responsibility varies significantly. Mok et al. [88] echo with a similar caution and advise performing multiple analyses with different types of stakeholder-related data to cover all the angles of a project. Yu et al. [96] extended SNA to the area of social risk management and indicated that stakeholder analysis and management can be integrated with other project management tools (e.g., risk management) to provide a more robust way of dealing with stakeholder-associated issues. On the other hand, Trach et al. [95] recommend that the analysis of communication networks should be done several times throughout the project and point to the possible weaknesses of the SNA network centrality measure, proving that the centrality of certain stakeholders can be artificially high in situations where neighboring nodes have a very weak centrality. The application of social network analysis requires a comprehensive understanding of the actors (stakeholder groups) and their relationships to other project stakeholders, which is much more time consuming, complex, and costly than traditional stakeholder analysis; thus, to ease the data collection process, it should be planned from early phases. Yang [85] concludes that no one method for stakeholder analysis is perfect and that applying both empirical and rationalistic (e.g., software SNA analysis) perspectives and comparing the analysis results when necessary is the best way to analyze stakeholders.




4.7. Summary Analysis of Presented Digital Approaches to Stakeholder Managemnet


To summarize the status of the six research topics identified for the field of digitalized construction stakeholder management, we organized the information in the form of the current status of each topic and suggestions for further studies (Table 4).



Each specific research topic has contributed to the overall goal of examining the means of digitalizing stakeholder management practices in the construction industry. There are various ICT systems and approaches to digitalize stakeholder analysis and engagement practices, which are identified in this research. It can be concluded that engagement practices of stakeholder communication and collaborative working of a few stakeholders in the project were the most researched stream of digitalization. Even though each research topic has its own research streams for which we suggested future directions (Table 4), it is possible to give some remarks for the whole research area of stakeholder management digitalization. Suggestions and the need for further research on all six topic leads to these concluding remarks for future work in this field:




	
BIM (3D/4D/5D), SNA, and web-based applications as a means to digitalize stakeholder management are more mature research streams than social media and VR/AR.



	
There is a need to make ICT systems more user friendly (especially for inexperienced users) and more prone to construction practices.



	
There is a need to re-engineer and digitally transform some construction processes to enable further digitalization and effectiveness of digital technologies and systems.



	
There is a need to make wider changes in terms of organizational and project policies and procedures (i.e., procurement) to unleash collaborative abilities of new digital technologies.








These results should be carefully interpreted as we acknowledge research limitations inherent in this research. First, the information source and search strategy have their limitations. Some researchers choose leading journals or mix them with databases, and some use only databases. We chose the latter and searched the two largest databases in our field. Because of this decision, certain relevant publications may not have been included in this review. Second, the retrieving process has an inherent risk of bias in terms of the exclusion procedure to arrive at the final set of the literature. We followed PRISMA methodology, and we devised a comprehensive coding scheme, but it is not possible to completely avoid the risk of bias in the exclusion process. Third, the keyword search has its limitations which can affect these results. Fourth, the review process itself can be biased based on researcher knowledge and personal viewpoint, which we tried to reduce by having two researchers reviewing independently and iteratively. Despite these limitations, we think that the results and new insights provided in this research contribute to the knowledge of how digitalization and digital transformation affect the way stakeholders behave, engage, and communicate in projects.





5. Conclusions


The objective of this article was to investigate digitalization as a process of transforming the management of stakeholders in construction. As shown, the stakeholder management practices are divided into analysis and engagement processes, and these processes are further divided into practices of stakeholder communication, collaboration, involvement, etc. We examined and organized knowledge in this broad field of digital performance of stakeholder management practices, which was done through a systematic literature review approach. In the final analysis, 73 sources were examined through descriptive and qualitative content analysis. Results were presented along with suggestions for and the needs of future studies.



In this study, we have found that the construction industry stakeholders often have problems in communication and collaboration in projects, which is a result of various organizational and technological factors. Digitalization was presented as a solution to these problems, but it did not deliver on its promises. There are various ICT systems and technologies used for digital stakeholder management, but it seems that examples of successful implementation of stakeholder collaboration and management through ICT systems are scarce. Additionally, much of the industry is not rushing to implement new digital ways of working, which is evident from reports placing the construction industry as one of the least digitalized.



From our research process, we excluded numerous articles dealing solely with technological aspects of ICT (e.g., standards for software interoperability), which points out that the technological context (e.g., diversity of ICT systems, tools, and underlying technologies) was broadly addressed in the literature. Our insights from the analysis of the retrieved literature, however, shows that organizational factors are those which prevent construction stakeholders from discovering the true potential of digital collaboration. For example, contractor firms need to first raise their organizational competencies for planning and scheduling in digital form to be able to engage in digitalized cooperative planning in projects. The same is true for collaborative designing in BIM, where each architectural and engineering firm should have considerable experience and competence in BIM 3D modelling to engage in this type of collaboration. Even for the narrower use of digital collaboration on 3D models (i.e., view 3D visualization and input textual comments), organizations such as public owners (e.g., transportation agencies) must restructure some internal processes and train their employees to be able to digitally collaborate with other project stakeholders.



Furthermore, organizational factors affecting poor digitalization are tied to obsolete business processes of firms working in construction projects, which hinders the ability of each stakeholder (e.g., individual or organization) to properly share information and communicate with other stakeholders. For example, BIM and virtual reality can indeed help in engaging end users early (i.e., design development), but owners and designers must explore and develop new processes and abilities to really be able to engage other stakeholders properly. Additionally, social media is a very present means of the everyday interactions of most individuals, and it is used in some projects as part of a digital client relationship management process (so-called CRM 2.0) [83]. However, again, results show [25,83] that the benefits of social media are not so high in construction projects because digital business processes such as CRM 2.0 are not very common in construction industry organizations.



The importance of digital transformation or, say, wider process and organization re-engineering is paramount, and this was especially seen in the last couple of years when digital collaboration was unavoidable (i.e., the COVID-19 crisis). Finally, it is obvious that industry-wide changes are yet to come, and the way to enable them is to investigate how to make ICT more user friendly and how to devise organizational and project processes which are more prone to digital collaboration between construction stakeholders.
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Figure 1. Research methodology. 
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Figure 2. Year-wise distribution of the selected papers. 
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Figure 3. Distribution of articles’ research methodology. 
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Figure 4. Distribution of project phases and addressed stakeholder management process. 
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Table 1. Codebook for content analysis of this study. Adapted from Laplume et al. [36].
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	Code
	Definition of Code





	Quantitative variables coded
	



	Authors
	List of authors



	Article title
	Title of the article



	Source title (journal)
	Publication in which the article was published



	Publication year
	Year of publication



	Research methodology
	Case study, conceptual research, survey, mixed-methods, app development, literature review, other



	Stakeholder category
	Two major stakeholder categories (internal or external or both)



	Stakeholder management process
	Two major stakeholder processes (analysis or engagement or both)



	ICT/digital technology, tool, or system
	Web, web-based application, BIM 3D, BIM 4D/5D, social media, VR/AR, social network analysis, etc.



	Project phase
	Three project phases (conceptualization, design, construction) or combination or non-applicable



	Qualitative variables coded
	



	Link between digital and stakeholder management
	Link between ICT system and stakeholder management process/practice explicitly stated in the article



	Contributions
	Contributions explicitly stated in the article (regarding ICT supported stakeholder management)



	Major findings
	Major findings explicitly stated in the article (regarding ICT supported stakeholder management)
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Table 2. Distribution of selected journal articles.
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	Journal Title
	Number of Articles





	Automation in Construction
	7



	Journal of Information Technology in Construction
	7



	International Journal of Project Management
	6



	Journal of Construction Engineering and Management
	4



	Construction Innovation
	3



	Construction Management and Economics
	3



	Facilities
	3



	Project Management Journal
	3



	Architectural Engineering and Design Management
	2



	Engineering, Construction and Architectural Management
	2



	Journal of Management in Engineering
	2



	Transportation Research Record
	2



	Other
	25
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Table 3. Selected articles organized by addressed ICT systems, type of stakeholder group, and stakeholder management processes, followed by their period of publication.
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ICT System, Group of Tools

	
Stakeholder Primary Category

	
N

	
Stakeholder Management Group of Processes

	
N

	
1999

	

	

	

	

	
2004

	

	

	

	

	
2009

	

	

	

	

	
2014

	

	

	

	

	
2019

	

	
2021






	
BIM 3D,4D,5D

	
Internal stakeholder

	
15

	
Stakeholder Analysis

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
External stakeholder

	
0

	
Stakeholder Engagement

	
15

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Both

	
0

	
Both

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Social Media

	
Internal stakeholder

	
0

	
Stakeholder Analysis

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
External stakeholder

	
6

	
Stakeholder Engagement

	
7

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Both

	
1

	
Both

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Social Network Analysis

	
Internal stakeholder

	
6

	
Pre-Engagement Analysis/Planning

	
8

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
External stakeholder

	
7

	
Post-Engagement Analysis/Evaluation

	
11

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Both

	
6

	
Both

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Virtual, Augmented, and Mixed Reality (VR, AR and MR)

	
Internal stakeholder

	
10

	
Stakeholder Analysis

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
External stakeholder

	
0

	
Stakeholder Engagement

	
6

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Both

	
0

	
Both

	
4

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Web, Web-Based application, Cloud Computing

	
Internal stakeholder

	
8

	
Stakeholder Analysis

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
External stakeholder

	
0

	
Stakeholder Engagement

	
8

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Both

	
6

	
Both

	
6

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Various ICT Systems (Mixed ICT Tools, Early ICT Concepts, Intelligent Systems)

	
Internal stakeholder

	
1

	
Stakeholder Analysis

	
2

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
External stakeholder

	
2

	
Stakeholder Engagement

	
7

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Both

	
6

	
Both

	
0

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	

	

	
73

	

	
73
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Table 4. Current status and future directions for digitalization of construction stakeholder management.
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	Current Status
	Research Topics
	Needs for Further Studies





	1. Stakeholder communication is currently the most affected engagement practice by ICT

2. Models, approaches, and protocols are being researched as organization enablers of stakeholder management digitalization

3. Mixed usage of ICT supported simulation, visualization, and communication can be effective

4. ICT infrastructure tailored to specific project and transparency of information are important organizational enablers
	Various ICT concepts, approaches, and tools to digitalize stakeholder communication and overall management
	1. Providing ways to determine cost and other benefits of ICT implementation for stakeholder engagement

2. Need to tailor ICT tools and systems to current needs of construction stakeholder and to make them user-friendly

3. Need to tailor ICT to support collaborative work in multi-firm context



	1. Web applications come in various forms and primarily serve for information and communication management

2. Web technology is one of the first ICT tools for stakeholder management

3. Different web applications are tailored for different types of stakeholders

4. Semantic web and web platforms are emerging as means to increase digital cooperative capabilities of construction stakeholders

5. Two web applications are made specifically to digitalize overall stakeholder management process
	Web technology, web-based applications, and ICT tools as means of comprehensive project stakeholder management
	1. Tailor web application for regular size project and business as usual

2. Develop ways for widespread adoption of developed web applications

3. Develop means to re-engineer current project and stakeholder management practices and processes which are proven to be effective in web-based working environment



	1. BIM can improve information exchange between internal stakeholders if used properly

2. BIM collaboration is often hindered by improper BIM implementation in usual construction project settings

3. Collaborative capabilities for real-time cooperation are being developed through various ICT technologies as add-ons to BIM systems

4. Collaborative workspaces as organizational enablers of BIM project collaboration
	BIM collaboration as means of engagement and integration of internal construction project stakeholders
	1. Need to re-engineer construction processes to enable BIM cooperative capabilities

2. Implement new and adjust current practices of communication and management of project stakeholders in specific delivery systems supporting BIM (i.e., IPD)

3. Need to further explore cost to benefit ratio of implementing web technology add-ons and collaborative workspaces to increase BIM collaborative capabilities



	1. VR/AR as a tool for engagement of end-users and other stakeholders through visualization in immersive environment

2. Various affordances of VR/AR technology are being researched to improve communication and engagement capabilities

3. Scarce synchronization of information in VR/AR environment and BIM model

4. Web technology as VR/AR add-on to improve its collaborative capabilities
	Virtual and augmented reality (VR/AR) as means to enhance collaboration in design phase and involve end-users in early project phases
	1. Need to make VR/AR technology affordable and user friendly to achieve its collaborative potential

2. Need to enhance education, training, and overall knowledge of industry professionals

3. Need to further explore procedural perspective and process reengineering to better suit VR/AR collaborative capabilities to construction processes





	1. Social media as effective ICT tool for engagement of public and community stakeholders

2. Recognition of social media potential for internal project communication

3. Recognition of social media potential for analysis of external stakeholders.
	Social Media as modern means of engagement for public and community stakeholders
	1. Need to further explore and implement social media (collaborative capabilities) to formal stakeholder management process

2. Need to devise ways of how to mix social media communication with other engagement strategies



	1. SNA is visualization tool used for robust stakeholder analysis of stakeholder networks, and it comes in several software packages

2. Visualization of relationship network and SNA calculation are both used prior to stakeholder engagement and as post-engagement evaluation

3. Nature of data used as SNA input and subject of stakeholder analysis are key success factors for SNA analysis
	Social network analysis for robust pre- and post-engagement analysis of stakeholders
	1. Need to devise ways of how to mix social network analysis with other methods of stakeholder analysis

2. Summarize all SNA analysis capabilities for various stakeholder characteristic and joint stakeholder-risk analysis

3. Need to devise ways to increase knowledge about SNA and project data collection to enable widespread adoption
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"web app*" or "web-based app" or "web based app*"
or "internet app*" or cloud or "vizualization tool*")
AND

3. "CONSTRUCTION SECTOR" -> ("construction®
project*” or "construction® megaproject™ or
"construction® mega project*" or "infrastruct* project*"
or "infrastruct* megaproject*" or "infrastruct* mega
project*" or "construction* industr*" or "architecture,
engineering and construction industr*" or "aec
industr*")

Web of Science
(765 items)

SCOPUS

(1300 items)

Filtering

Web of Science: 765 items
Scopus: 1300 items

Time span: 1955 - 2021 (July)

1018 items: journal articles
Time span: 1955 - 2021 (July)

Web of Science

- Remove items if not Engineering, Construction
or Management (8 WoS Categories remained)

- Remove if not Articles or Review Articles
SCOPUS

- Remove items if not Engineering, Construction
or Management (3 SCOPUS Categories remained)
- Remove if not Articles or Review Articles

Web of Science

(426 journal articles)

SCOPUS

- Remove duplicates

(591 journal articles)

748 journal articles

Screening

748 items: journal articles
Time span: 1986 - 2021

Screening: title, author, source, keywords,
abstract

- Remove if not: written in English, not

associated with construction project

management, not associated with
digitalization of stakeholder management
processes and practices

100 journal articles

Eligibility

100 items: journal articles
Time span: 1986 - 2021

Assesing the full text articles for
eligibility

- Remove if not associated with
digitalization of stakeholder
management and practices

69 journal articles +

Snowball approach

- Add if associated with digitalization
of stakeholder management and
practices

4 other items

Content analysis

73 items: 69 journal articles + 4
web pages
Time span: 1999 - 2021 (July)

Organizing and grouping data
into categories

- Sources

- Chronology of papers
- Research methods

- ICT tools
- Digitalized stakeholder practices
- Research topics

Results:

- Quantitative descriptive
analysis

- Qualitative content analysis
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