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Abstract: The last decade has witnessed rapid development in the literature on stakeholder
relationship, however, there have been few attempts to map the research in this domain. To identify
the trends in stakeholder relationship research, CiteSpace, a tool for visualizing patterns and trends
in scientific literature, was used. Papers were selected from 18 authoritative journals via the core of
Web of Science. The aim of this paper is to draw up the knowledge mapping of stakeholder
relationship research, reflect the research focus and hot topics of this domain, show the evolution of
the knowledge structure and detect emerging trends. We present all research focuses in a
scientometric way and arrive at the following findings. First, five clusters were derived from the co-
cited references network of stakeholder relationship, including stakeholder concern, BIM, 4D CAD,
Hydropower Engineering and Review. Second, the existing research of stakeholder relationship
focus primarily on the factors that impact the stakeholder relationship such as technology,
management methods, laws, and how the stakeholder relationship such as conflict or cooperation
impact the construction projects.

1. Introduction

Stakeholder relationship has a strong impact on the success of the construction project, and a
good cooperative relationship is conducive to the success of the project ™. In recent years, with the
increasing of mega projects, infrastructure projects and other complex projects, the types of
stakeholder relationship are more and more complex. There are problems such as poor information
exchange and imperfect communication mechanism among stakeholders, which result in conflicts.
Meanwhile, due to the lack of information exchange platform, project information cannot be
transmitted among stakeholders in a timely, accurate and effective manner, which seriously affects
the collaboration efficiency of them, then, ultimately affects the duration, cost and performance of
the whole project.

At present, the study of stakeholder relationship is relatively scattered, so it is necessary to use a
systematic and quantitative review to comprehensively review the literature, analyse the
development process of stakeholder relationship research, and have a comprehensive understanding
of stakeholder relationship in construction projects. The purpose of this study is as follows: @
Analyse influential literature in the field of stakeholder relations of construction projects from 2000
to 2018 with the method of scientific measurement. @By analysing the co-cited literature network,
we find the research status of stakeholder relationship in construction projects, and the current
research hotspots are determined through cluster analysis. ®Using cluster analysis to detect the
research direction and emerging trends the research.

2. Research Methodology
2.1. Paper retrieval

According to requirements of CiteSpace on data sources, Web of Science (WOS) core database
was selected as the search engine in this study®: [TS = (stakeholders OR team OR partners OR
participants) AND (relationship OR conflict OR communication OR cooperation OR partnership
OR collaboration OR Interoperability)], and paper retrieval was conducted from 2000 to 2018.
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1,698,711 papers were preliminary obtained. Only journal papers were selected, conference papers,
book reviews and other papers were deleted. Papers were required to be in English. Through this
step of screening, 1037638 papers were retrieved. In order to ensure the selected papers have
reference value, 18 journals with great influence in the field of civil engineering were selected, and
the search scope was narrowed to those 18 journals. Through this step of screening, 3392 papers
were retrieved. Then, through reading the title and abstract of the paper, manual screening was
carried out to further remove papers that was not strongly related to the research topic, and finally
384 papers were obtained.

2.2. Scientometric analysis

After journal source analysis and cluster analysis, each cluster is subdivided based on the content
of the article to determine status and hot topics of stakeholder relationship research.

3. Result
3.1 Journal source analysis

A total of 384 papers were published throughout the year (Figure 1). Since 2000, the annual
number of papers published has an increasing trend. After 2010, the quantity increased significantly,
reaching the maximum number of papers published in 2017. It indicates that the importance of
stakeholder relationship research is increasing all over the world, which gradually attracts the
attention of scholars. Probably due to the problem of database and manual screening, the number of
published papers showed a declining trend since 2017. In conclusion, based on the general
publication trend, it is expected that more papers will be published in the future.
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Figure 1 Number of publications per year.

The statistics of high-cited papers in the research topic of stakeholder relationship are shown in
table 1. The articles such as Building Information Modelling Framework: A Research and Delivery
Foundation for Industry Stakeholders (average of 32.82 citations per year), Exploring Critical
Success Factors for Partnering in Construction Projects (average of 12.06 citations per year) and
Building Environmental Assessment Methods: Redefining Intentions and Roles (average of 11
citations per year) with higher annual average citation. In terms of these papers, the hot topics are as
follows: First, technology, BIM and management methods. Second, factors such as sustainable
development or green construction impact on the stakeholder relationship. Third, tapes of
stakeholder relationship such as conflict or cooperation impact the construction project.
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Table 1 Statistics of high-cited papers.

Title Author .ToFaI Average
citations | citations
Building information modelling framework: A
research and delivery foundation for industry Succar et al.(2009) 361 32.82
stakeholders
Exploring critical success facto_rs for partnering in Chan et al. (2004) 193 1206
construction projects
Building en\/_lrpnmental assessment methods: Cole et al.(2005) 165 11
redefining intentions and roles
A theor_etlt_:al _framework of a BIM-based multi- Singh et al.(2011) 163 18.11
disciplinary collaboration platform
Value proposition on mte_roperab_lllty of BIM and Grilo et al.(2010) 197 127
collaborative working environments
Social network model of construction Chinowsky et 121 10.08
al.(2008)
Understanding Construction Industry Experience
and Attitudes toward Integrated Project Delivery Kent et al.(2010) 103 103
Requirements for building information modeling
based lean production management systems for Sacks et al.(2010) 88 8.8
construction
Development of_a wwgless sensor netV\_/ork_ system Chae et al.(2012) 82 10.95
for suspension bridge health monitoring
A service oriented framework for construction Cheng et al.(2010) 74 74

supply chain integration

3.2. Clusters of co-citation analysis

Co-citation analysis is a statistical method used to analyze the knowledge structure, reveal the
number and authority of references cited in published papers. Meanwhile, it can be used to visualize
scientific research fields, detect emerging topics and predict future research directions. Set the
minimum cluster as 10 in the CiteSpace, filter out the unrepresentative clusters, and then divide the
co-cited network into five clusters (Figure 2) named Stakeholder Concern, BIM, 4D CAD,

Hydropower Engineering and Review.
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Figure 2 Co-citation clusters of Cited with the label of title, keywords and abstract.
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4. Specific Analysis on Cluster#0-#4
4.1. Specific analysis on cluster # 0 stakeholder concern

Cluster #0 is the largest cluster, which has 19 members. There are many research topics,
including relationship management, risk, green building, sustainable development, innovation, and
it has two high-cited literatures written by Mok, KY and Yang, RJ. Mok, KY™ believe that cultural
differences will have an impact on the stakeholder relationship of mega projects, and so far there is
no effective method to manage the stakeholder relationship. Yang, R concerns the risk of green
building project, they developed a stakeholders associated risk analysis based on social network
analysis method to evaluate project risks and its interaction, meanwhile, to improve the ability of
stakeholders to assess risks.

In recent years, building energy conservation, green building, sustainable development and
innovation have gradually become the focus of stakeholders. Some conflicts among stakeholders
are caused by the inconsistency of building energy conservation and sustainable development
goals 1. Yik, FWH ® developed a new building energy conservation contract which can effectively
promote cooperation among stakeholders. Meanwhile, it is necessary to develop strategies such as
enhanced communication to promote stakeholder collaboration ). Multi-disciplinary collaboration
is needed if projects have sustainable development objectives. It is necessary to determine the key
role of sustainable building design, and to coordinate various majors with methods such as BIM to
achieve knowledge sharing 1. Whyte, J P! combined social and political factors to further analyze
the motivation and innovation of stakeholders to promote better cooperation among stakeholders.
Risks, benefits and interest also have an impact on stakeholder relationship. In the procurement
stage, Eriksson, PE % proposed a theoretical framework to explain how owners' purchasing
behavior affects their relationship with contractors. In addition, the way of risk allocation will also
affect the cooperation between the owner and the contractor, which can be reduced by means of risk
premium M. Chan, APC M found that the expectation of external stakeholders (government,
public and affected communities, etc.) can promote the social benefits of the project, so a more
comprehensive list of stakeholder expectations has been drawn up to manage the expectations of
external stakeholders; For multinational companies or cross-professional teams should pay more
attention to common goals, equal status and integrated management 1**1.

4.2. Specific analysis on cluster # 1 BIM (building information modeling)

Cluster #1 is also the biggest cluster with many literatures, which is composed of 19 literatures.
This cluster mainly studies the impact of BIM on stakeholder relationship, such as the impact of
using BIM on project performance and the way of information exchange at each stage of the project,
etc.

The use of BIM will bring a series of impacts on the project. Badi, S I believe that using BIM
can effectively improve the stakeholders’ communication quality; Poirier EA ¥ concluded that
BIM would prove the information exchange of stakeholders, thus effectively promote their
collaboration then reduce waste and project costs %, Zheng, L ™" put forward a benefit sharing
model which can determine the common interests among stakeholders to promote the cooperation
among them. Minho, O ® developed an integrated system that enables stakeholders to exchange
information efficiently. Meanwhile, Ma, Z ™ developed a collaboration model to enhance
stakeholder cooperation in quality inspection process. Moreover, environmental sustainability is
often seen as an integral part of design and often requires the collaboration of multiple professional
designers.

4.3. Specific analysis on cluster # 2 4D CAD

Cluster #2 is composed of 12 literatures, which studies the impact of the application of 4D CAD
and 4D BIM in the project on stakeholders. In addition to general projects, it also involves the mega
and green building projects. There are many research topics, including conflict, information
interaction, communication and coordination, etc. The most representative papers among that are
published by Chen LJ and Mahalingam, A: Chen, LJ % found that using 4D BIM can effectively
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reduce stakeholder conflicts in the construction process through data analysis and model
construction, and proved that using 4D BIM can effectively improve project quality. Mahalingam,
A 1 found the obstacles of 4D CAD in the practical application of the project through interviews,
and elaborated the software development goals of 4D CAD in the future.

4D model can realize information integration and sharing among stakeholders to improve the
communication efficiency . But there are a series of problems, such as data format inconsistency,
software incompatibility and information delay ?*. In addition, 4D CAD can effectively predict
conflicts of task delivery by stakeholders 241 1t is benefit to different stakeholders coordinate with
each other and control the project progress. On that basis, Scholtenhuis, LLO ! proposed a method
based on 4D CAD to coordinate the work among stakeholders of underground public projects.
Using 4D CAD to identify and predict conflicts during project delivery can effectively reduce the
risk of project delay. Furthermore, Ding, LY ?® developed nD system to provide a new platform for
information exchange. The nD system can be used to integrate the latest information of all aspects,
so that necessary information can be easily obtained and comprehensive decisions can be made for
the owners.

4.4. Specific analysis on cluster # 3 hydropower engineering

Cluster #3 is composed of 11 literatures, which studies how to promote the success of
infrastructure projects, hydropower Engineering projects, PPP projects and EPC projects by
adjusting the stakeholder relationship. There are many research topics in this cluster such as
stakeholders information sharing, communication, government, trust and contract.

According to research, information exchange and integration of stakeholders will have a great
impact on infrastructure projects. Their communication and collaboration can effectively prevent
project delays "\, Software needs to be developed to achieve integrated management of lifecycle
information 8. In addition, sustainable development goals need to be achieved in the decision
stage of infrastructure projects. A new decision model is developed to guide owners’ decisions and
maximize the environmental and economic benefits of stakeholders *!. Trust is one of the factors
that affect the stakeholder relationship, and it is also the basis of using BIM. Lee, CY ®% proposed a
trust-based EPC project contract model to improve the use efficiency of BIM by improving mutual
trust between stakeholders. Effah EA BY developed a fuzzy comprehensive evaluation model to
evaluate the success of PPP water supply projects. Furthermore, a sound legal system is conducive
to promoting stakeholder relationship in PPP projects, and the government should play a leading
role in promoting reasonable risk distribution 4.

4.5. Specific analysis on cluster # 4 review

#4 consists of 10 literatures. The literatures of this cluster are systematically studied on
stakeholder relationship through literature review or a large number of case studies. There are many
research topics in this cluster: BIM, information communication technology (ICT), integrated
project delivery (IPD), sustainable development, etc., and it has two high-cited literatures written by
Bryde, D and Barlis. Using BIM can enhance the information interaction among stakeholders, thus
effectively reducing the project costs and shortening the construction period. However, the
difficulty of using BIM technology hinders its large-scale application . Barlish, K B* developed a
more complete method to analyze the benefits brought by BIM to the project and established the
calculation model of BIM value assessment. Other scholars have studied the research of BIM, it is
found that there are many problems in BIM technology. Firstly, the application cost of BIM is too
high to popularize BIM in the construction industry in North America. So it is needed to reduce the
application cost of BIM 3. Secondly, it is necessary to carry out deep development of the BIM
software to realize real-time information exchange B® so as to facilitate stakeholder
communication. Chung, JKH B reviewed the development of information communication
technology (ICT), meanwhile, they come up with an innovative collaborative approach which can
improve stakeholder engagement. Kent, DC ¥ believed that trust, respect and good team
relationship are the key to the success of IPD projects, BIM or advanced information technology
application is not a prerequisite for IPD. Stakeholders have different perceptions of the key to
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project success %, the ineffective communication or an inconsistent goal may lead to the delay of
the project Y. In addition, 41 indicators are determined to judge the quality of PPP projects and
improve project performance management ¥ Through literature reading, it is found that the recent
project management literature define the process of project construction as a process of value co-
creation. Therefore, the establishment of a knowledge and information sharing platform for owners
and other stakeholders can effectively improve the degree of stakeholders' participation in the
project and thus promoting the success of the project 2.

5. Conclusion

The research on the stakeholder relationship of construction engineering projects has been
continuing. The research shows that the stakeholder relationship will have a greater impact on the
success of the project, so how to promote the good cooperation of stakeholders is an enduring
research topic. Through the summary of the research results, it is concluded that the main factors
affecting the stakeholder relationship are: Firstly, conflicts of interest, goals and expectations of
stakeholders. Secondly, various reasons (such as software problems, cultural differences) caused by
the lack of information exchange. Thirdly, the impact of changes in policy requirements (such as
green building, sustainable development), industry development (EPC, PPP, IPD and other modes)
and other factors on stakeholders (such as risk allocation and trust issues). Future research can start
from the factors that affect the relationship between stakeholders, or improve stakeholder
relationship: Firstly, stakeholder concerns under new policies, new environment or different
procurement methods can be analyzed. Meanwhile, the expectations and objectives of stakeholders
are analyzed to reduce conflicts among all parties. Secondly, further development of BIM software
to enhance communication and information exchange among stakeholders. Thirdly, how to improve
relevant laws and contracts of different procurement modes should be analyzed in the future.
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