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Abstract: Over the past two decades, social network analysis (SNA) has elicited increasing attention in

construction project management (CPM) research as a response to the emerging perspective of viewing

projects as network-based organizational organizations. However, a thorough review of SNA

application in CPM research is unavailable. This study aims to address this gap by reviewing 63 SNA

papers published in eight peer-reviewed journals from 1997 to 2015 to ascertain the status of this

research area and identify future research directions. The papers are analysed in terms of institutional

and individual contribution, citations, topic coverage and research design and methodologies. Three

research directions, namely, internal stakeholder networks for outcome-related values, external

stakeholder networks for process-related values, and external stakeholder networks for

outcome-related values, are identified. The findings of this study are believed to provide useful

references for the future application of SNA in CPM research.
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1. Introduction

The last two decades witnessed the rapid growth of research studies with social network analysis (SNA)

applied in construction project management (CPM) research; these studies aimed to understand the

network characteristics of construction projects as a response to  the emerging perspective of viewing

projects as temporary network-based organizations(Turner and Miiller, 2003; Taylor and Levitt, 2007).

Compared with that of permanent organizations such as firms and public organizations, the

organization of a construction project is temporary in nature and has a limited life cycle; this

temporary organization is intentionally designed to achieve the objectives or goals of a permanent

organization or certain shareholders through complex problem-solving processes (Turner and Miiller,

2003). From the sociological perspective of an organization (Katz and Kahn, 1978), project



organization can be viewed as a combination of social groupings with relatively stable patterns of

interaction over time. As a result, formal and informal relationships are established. Therefore, SNA is

suitable for analyzing organizational behaviours in construction projects (Hansen et al., 2005;

Tortoriello et al., 2012) and can provide a more relational, contextual, and holistic picture of project

organizations in construction (Borgatti and Foster, 2003).

As an advanced and robust technique, SNA has been widely utilised in various fields, such as

sociology (Simmel and Wolff, 1950), anthropology (Tichy et al., 1979), and political science (Klijn

and Koppenjan, 2000), to address different issues under a specific network circumstance. In the past

three decades, SNA has been increasingly advocated as a key approach to addressing network

organization issues in management, particularly network characteristics and the effects of business

organizations (Tichy et al., 1979). With the rapid development of SNA tools, such as UCINET and

PAJEK, SNA has been gradually applied as a key method of hybrid research design to address several

important topics in management research, such as knowledge transfer, resource mobilization and

consensus building (Bodin and Crona, 2009; Carlsson and Sandstrom, 2008; Newig et al., 2010).

In response to this trend, SNA was introduced in CPM research in the 1990s and has gained

increasing popularity in the field over the past two decades (Chinowsky and Taylor, 2012) because

of its capability to investigate various relationships within or among project participants (Dogan et

al., 2013). This method can also address the social connections among all participants involved in a

project by using a set of socially linking nodes and the relationships of these nodes with the

operating environment, which can also be conceptualised as a network across organizational

boundaries (e.g., Solis et al., 2013). Lin (2014) reported that the use of SNA can help explain actual

management structures in construction projects, identify the key characteristics of a construction



project organization and explore the potential threats that cause engineering mistakes.

To highlight the significance of SNA in construction research and other engineering projects,

Chinowsky and Taylor (2012) conducted a general review of 30 SNA-based journal papers from 1997

to 2011. The rapid development of SNA application in CPM research, as shown in Fig. 1 (25 journal

papers published between 20012 and 2014), requires a thorough and quantitative literature review.

Given the social aspects of construction projects, particularly those of construction megaprojects (Hu

et al., 2015), these references can help address the fundamental changes and the shift of research

paradigms in project management research (Li et al., 2011). The extensive application of SNA in this

field provides useful methodological insights into future project organization research that aims to

explore the existence and strength of connections among various actors within construction project

networks (Li et al., 2011). Therefore, the aim of this study is to conduct a thorough review of

SNA-based papers published in selected journals between 1997 and 2015. An in-depth examination of

these papers through a structured and quantitative method can help researchers understand the current

body of knowledge and stimulate their inspirations for future SNA-based applications in CPM

research. The specific objectives of this study are as follows: (1) identify the coverage of SNA-based

research published in CPM journals from 1997 to 2015, (2) recognise the contributions made by

various institutions and writers to SNA-based research during the said period, and (3) examine the

evolution of interests, methodologies, and research trend of SNA-based research papers during the

said period.

(Please insert Fig. 1 here)

2. Theoretical Base

2.1. Review of SNA Developments in Sociology and Management



SNA stems from investigations by Moreno (1934) and Lewin (1936) on the social relations and

network characteristics of individuals. Traditionally, the application of SNA was based on a

triangulated theoretical ground in sociological and anthropological perspectives (Tichy et al., 1979),

such as balance theory (Cartwright and Harary, 1956) and social comparison in social psychology

(Festinger, 1954). Studies that adopted these perspectives mainly focused on the informal relational

links of the social group identity of individuals. The subsequent use of SNA has created two

indigenous theoretical perspectives, namely, heterophily theory and structural role theory (Kilduff and

Tsai, 2003). The heterophily perspective stems from Simmel and Wolff’s (1950) investigation on

group membership and social interactions among individuals. This perspective hypothesises that new

information and unusual resources can be obtained from relatively strange group members who may

be members of other social groups or brokers who have joined groups. Most SNA-based studies from

this perspective extended this hypothesis and examined the strength of weak ties (Granovetter, 1973;

Granovetter, 1985) and structural holes (Burt, 2000). SNA studies that adopted  a structural role

perspective incorporated a psychological perspective to clarify the various role setting of individuals

in a social network structure (Kilduff and Tsai, 2003), such as structural equivalence (Lorrain and

White, 1971), structural cohesion and role equivalence (Krackhardt and Porter, 1986).

The ‘organizational network’ has become a fashionable description for certain organizational

forms in management research beginning in the late 1970s (Tichy et al., 1979; Kilduff and Tsai, 2003).

This type of organization is characterised by repetitive exchanges among semi-autonomous

organizations based on trust and embedded social relationships to secure transactions and reduce costs

(Bradach and Eccles, 1989; Powell, 1990). In particular, SNA enables this research perspective to

provide a different insight into isolated individual actors within the organizational context, with a



focus on the relations or structured patterns of individual actors (Brass et al., 2004; Kilduff and Tsai,

2003). In the late 1970s, empirical management research began to introduce SNA-related research

perspectives to examine relational links, particulars formal links, in network structures within

business organizations (Tichy et al., 1979). Given the rapid development of powerful SNA software,

such as UCINET and PAJEK, this perspective has expanded significantly in the past three decades

and has been adopted to examine network characteristics and effects within a business organization,

such as knowledge transfer, resource mobilization and consensus building (Bodin and Crona, 2009;

Carlsson and Sandstrom, 2008; Newig et al., 2010). In addition, as a result of the emergence of

various cross-organization networks in business activities, such as supply chain management and

strategic alliance, over the past decades, SNA management research was gradually extended to

examine the characteristics and effects of inter-organization networks in the past two decades (Tsai,

2001; 2002).

2.2 Review of SNA Applications in CPM Research

As early as the 1950s, the construction industry has been regarded as an organizational network in

nature (e.g., quasi-firms) (Stinchcombe, 1959), particularly its project-based businesses (Taylor and

Levitt, 2007). However, SNA was introduced into CPM research only in the 1990s because of the

rapid growth of SNA-based applications in mainstream management research from 1980 onwards

(Scott, 1997; Kilduff and Tsai, 2003). Compared with SNA-based management research, early

SNA-based CPM research focused on issues at the intra-organizational level rather than at the

inter-organizational level; these issues include communication problems among key individuals

involved in a project network, such as clients, project managers, architects, and construction managers

(Loosemore, 1997 & 1998).



After the rapid emergence of the research perspective that views g projects as temporary

organizations in the past decade (Turner and Miiller, 2003), this research paradigm has been

increasingly reinforced to examine the formal and informal relationships of network-based project

organizations at the intra-organizational level. Pryke (2004) stressed that a construction project is a

temporary coalition network consisting of specialist firms for the execution of a project; thus, SNA is

an appropriate tool to examine the network characteristics and effects of these organizations. Existing

studies have revealed the strong abilities of SNA in the following areas: (1) interdependence in

network-based project organizations (Tavistock, 1966), (2) cross-boundary organizational

relationships (Pryke, 2012), (3) accurate representation of project structures and process method, (4)

multiple levels of analysis with the involvement of micro-macro linkages, and (5) integration of

quantitative, qualitative and graphical data for a thorough and in-depth analysis (Ruan et al., 2012).

Pryke (2012) emphasised that none of these abilities can be obtained by using single traditional

research method. From the perspective of stakeholders, the research focus of these SNA applications

mainly refers to formal relationships involving key internal stakeholders through contractual and

teaming arrangements.

As project environments become dynamic and complicated (Hu et al., 2015), project networks

become sensitive to institutional and social changes and need to make timely responses (Chinowsky

and Taylor, 2012). In this regard, SNA-based CPM research in this regard appears to adopt a

sociological perspective and focuses on informal relational links of the social networks of a project

involving external stakeholders who have no direct contractual relationship with the project client

(Aaltonen et al., 2008; Knoke and Yang, 2008). The essential topic of these studies is how to establish

a centralised coordination mechanism to facilitate project execution.



3. Research Methodology

The present study primarily adopted the structured method advocated by Hu et al. (2015) to identify
and assess the major outputs of SNA-based research published in peer-reviewed journals. The entire
research process included three stages. In Stage 1, two academic databases, namely, Web of Science
(WoS) and Scopus, were utilised to identify the journal with the largest number of related papers
published. Common keywords, such as ‘SNA’, ‘project network’ and ‘project management’, were
used in the ‘title/abstract/keyword’ fields under construction or similar categories. Both databases are
among the largest online academic sources that cover more than 10,000 journals covered and
commonly used by CPM researchers to conduct literature reviews in the field (Hu et al., 2015).
According to Chinowsky and Taylor (2012), SNA is commonly used to investigate network issues in
the field of engineering project organization. Thus, search keywords also included project network.
Only peer-reviewed academic journals were selected for review. Book reviews, editorials, and papers
for conference proceedings were excluded from the review. The search was further refined by limiting
the subject areas to ‘business, management, and accounting’, ‘computer science’, ‘decision sciences’ ,
‘economics, econometrics, and finance’ , ‘energy’ , ‘engineering’ , ‘environmental science’ and
‘social sciences’ . ‘article or review’ was indicated as the document type.

The results for Stage 1 revealed that the Journal of Construction Engineering and Management
(JCEM), Construction Management and Economics (CME), Journal of Management in Engineering
(JME) and International Journal of Project Management (1IJPM) published the largest number of
SNA-based papers and were thus selected as target journals in Stage 2. In addition, the journal
ranking list of Chau (1997) in the CPM field was used to identify relevant papers. Given that the

Engineering Project Organization Journal (EPOJ) published a review paper on SNA application in



engineering project management, this journal was regarded as a potential source to identify
SNA-based articles. Project Management Journal (PMJ), another peer-reviewed and frequently cited
journal related to construction, was added to the selected journal list in Stage 2 because PMJ is
regarded as a main source to identify research output in project management field. In summary, eight
journals (listed in Table 1) were selected to conduct a comprehensive search.

In Stage 2, a visual comprehensive search of all journal targets was conducted instead of using a
search engine. The search scope was scaled down to the period between January 1, 1997 and May 1,
2015. This timeframe was selected because the first SNA-based journal paper was published in 1997
(Loosemore, 1997). The search in PMJ and in Engineering, Construction, and Architectural
Management (ECAM) used two other databases, namely, EBSCO (for PMJ) and Informaworld (for
ECAM), because WoS and Scopus do not contain a full record of papers published between 1997 and
2015. After a review of paper contents, a total of 63 articles were identified as relevant for
subsequent analysis. The review scope of the present study is more than twice of that in
Chinowsky and Taylor’s (2012) paper. Table 1 shows the result of the search.

(Please insert Table 1 here)

In Stage 3, 63 articles were quantitatively analysed in terms of years, institutions, and citations to
determine their contributions. The scoring method developed by Howard et al. (1987) was used to
determine the contribution value of each author in multi-authored articles. This method calculates the
credit of authors listed in the same article in terms of the order of authorship as indicated in Eq. (1)
(Howard et al., 1987). This method has been widely advocated by previous review works in the CPM

field (Hu et al., 2015).
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where n is the number of authors in the article and i is the order of the specific author.

The number of citations of a journal article is commonly used as a key index to assess its
research quality (Hu et al.,, 2015). WoS and Scopus have a limited coverage of the identified
SNA-based papers.Thus, this study selected another search engine, namely, Google Scholar, to
determine the citation status of the identified journal articles. Google Scholar only provides an
indirect citation, but the powerful search function of Google Scholar is a simple yet thorough channel
to achieve a comparative citation analysis of all the identified papers (Hu et al., 2015).

4. Discussions of the Search Results

4.1. Contributions of Institutions to SNA Research

Upon identifying the review papers, the score of a specific writer in a multi-authored paper was
calculated. The analysis results indicated that the papers in the eight selected journals involved 57
research institutions devoted to SNA-based studies. Table 2 shows that nine research institutions were
involved in at least three papers. The total contribution of the researchers from the University of
Colorado at Boulder, which has published 8 papers involving 11 researchers and have a score of 6.26,
was ranked as the highest among all identified universities/institutions, as shown in Table 2. The
University of New South Wales, University College London and Columbia University each
contributed five papers, whereas the University of Texas and Virginia Polytechnic Institute each
provided four.

(Please insert Table 2 here)

Citations have been increasingly adopted as the key indicator to measure the quality of papers

circulated in the CPM field (Hu et al., 2015). Thus, the citations of the relevant papers published in

10



the target journals were analysed. Table 3 shows the citation status of the articles identified from the

eight journals. JCEM has the most citation among all journals ; 463 citations were obtained from

Google Scholar. JCEM is followed by CME with the second highest number of citations (413) and

PMJ with the third highest number of citations (195). In terms of the number of times cited per paper,

PMJ was ranked first with 64.7 citations per paper ahead of CME and IJPM, which 31.8 and 27.9

citations per paper, respectively. In general, the average citation for the reviewed papers reached 26.3.

(Please insert Table 3 here)

The top 10 articles ranked by citation according to Google Scholar are listed in Table 4. Most of

these articles were published in JCEM and CME. This observation indicates that these two published

journals not only have the most number of SNA-based papers, but also contain the most important and

influential articles in the selected period. The paper of Chinowsky et al. (2008) ranked first, with 149

citations from Google Scholar, followed by that of Pryke (2004), which was cited 145 times (retrieved

on June 30, 2015). Pryke, who contributed five papers, and Chinowsky and Loosemore, who both

presented four of the 63 selected papers, are three of the most significant writers that facilitated the

SNA-based application in the CPM field. This citation ranking of papers in Table 4 might not reflect

the real citation of several research papers because of their variance in publication time, especially for

recently published ones.

(Please insert Table 4 here)

4.2. Topic coverage of SNA-based research

Based on the aforementioned observation, CPM publications have witnessed an overall increasing

trend of SNA-based applications in CPM research. Thus, summarizing the topic coverage of the

identified SNA papers is necessary. Keywords are typically used by authors to provide a clear and

11



concise description of the research content; thus, identifying topics based on frequency, change over

time and tendency is plausible. To identify the topics visually and objectively, a scientometric

technique, which has also been referred to as knowledge domain visualization or domain mapping, is

used to analyse the keyword co-occurrence network of the reviewed paper (Hook and Borner, 2005).

CiteSpace is one such technique with the primary goal of facilitating the analysis of emerging trends

in a knowledge domain (Chen, 2006).

4.2.1. Keyword co-occurrence network

The research method was structured in terms of the scientometric workflow proposed by Brner (2010),

which involves (1) data acquisition and pre-processing, (2) analysis and modeling, and (3)

communication, visualization and layout. To collect data, this study used the CiteSpace III software

(Chen, 2015), which is the third generation of the CiteSpace technique for scientometric research and

modelling. The primary source of data at present is WoS. However, the data from Scopus can be

converted to WoS format, and can then be processed. For the articles excluded from these two

databases, such as articles from EBSCO (for PMJ) and Informaworld (for ECAM), the data need to be

inputted manually. To retain the authors’ meaning, the authors’ keywords were used, and present and

index keywords were supplemented. After data collection, a significant data process was conducted to

reconcile minor differences in the spellings of keywords. Keyword lists were also edited to remove

common terms that did not assist in the identification of topics. For instance, keywords such as ‘social

network analysis’, ‘SNA’ and ‘construction’ were removed to reduce noise in topic categorization.

After the acquisition and preprocessing, analyses of keyword co-occurrence were conducted.

Before the keyword co-occurrence network was visualised, several options, such as time slicing,

node type and link selection, and pruning, were predetermined. Based on the phrase division of SNA

12



development from Chinowsky and Taylor (2012), the 19-year time span between 1997 and 2015 was

divided into three 5-year time slices and one 4-year time slice. The top 250 (the maximum number of

keywords of these four slices is 212 from 2012 to 2015) most cited or occurring items for each slice

were set as the threshold level to comprise all the keywords for analysis. Table 5 listed all the nodes

and links for each slice. CiteSpace III provides four methods to prune networks in terms of node and

link attributes. Node attributes are the frequency with which a keyword has been used, while link

attributes include the number of times two keywords have been used in combination. In this case, the

network was trimmed by combining the minimum spanning tree and pruning sliced networks.

(Please insert Table S here)

When all options were set, CiteSpace III visualised the keyword co-occurrence network. Edges

with a weight greater than three were retained, and resultant isolate nodes were removed. This process

generated a network of 406 nodes, which was a sparse one with a density of 0.0055. Fig. 2, which is

drawn with CiteSpace III software, shows the entire visual in the keyword co-occurrence network.

Node size represents the frequency with which a keyword occurs in the data set. Edge weight denotes

the frequency with which two keywords have been used in combination. The label in Fig. 2 highlights

the 30 most frequently occurring keywords. Network edges signify the co-occurrence of a keyword in

a single record, in which two specific keywords are used together to describe a research publication.

(Please insert Fig. 2 and Fig.3 here)

To understand the change of topics in each time slice, the top 10 most frequent keywords are

visualised in Fig. 3. The topics ‘commutation’ and ‘risk” were the first to elicit attention. From 2002

to 2006, ‘project management’ and ‘innovation’ attracted the interest of scholars who used SNA. The

period from 2007 to 2011 witnessed a sprout of various research topics with SNA. The topics

13



‘performance’ and ‘communication’ experienced a surge, followed by ‘coordination,” ‘innovation,’

and ‘knowledge’. From 2012 to 2015, ‘performance’ and ‘communication’ remained the most

frequent keywords despite a certain decline, whereas research on ‘design’ and ‘construction

management’ showed increasing trends. The results of the scientometric analysis are in agreement

with the conclusion of Chinowsky and Taylor (2012), but the scientometric method reflects the macro

and micro changes more visually and quantitatively.

The keyword ‘burst detection’ was also used to detect unusually large changes in the frequency

of a datum over time through the technique of burst detection, which is a function in CiteSpace III

software based on Kleinberg’s bursty and hierarchical structure in streams (Kleinberg, 2003).

However, no burst keyword was observed in this period, which reflects the gradual emergence of

keyword use. A small number of SNA-based articles are still available in the CPM industry today.

4.2.2. Definition of topics

Based on the outcome of the scientometric analysis and the topic categories suggested by

Themistocleous and Wearne (2000), eight topics were identified for the research interests of SNA in

this paper. They are: (1) performance and effectiveness, (2) communication and coordination, (3)

knowledge management, (4) risk management, (5) governance issue, (6) strategic management, (7)

information technology (IT) utilization and innovation diffusion, and (8) site and resource

management. Each paper was grouped under one main research interest. When a paper covered more

than one research interest, the best or most fitted one was selected. Through this method, all selected

papers were classified into the most suitable topic. Table 6 shows the major research interests in SNA

from the selected journals from 1997 to 2015.

(Please insert Table 6 here)
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Table 6 shows that ‘project performance and effectiveness’ ranks first among the eight topics (13

papers involved). Research in this area began with the question of how social networks affect project

performance. From 2007 to 2011, Chinowsky et al. (2010 & 2008) focused on high-performing teams

by introducing the social network model and project network interdependency alignment to assess

project effectiveness. DiMarco et al. (2010) and Comu et al. (2010) studied the role of cultural

boundary spanners in the performance of global project networks. From 2012 to 2015, apart from

further research on the topics from the previous period, the new hotspots were the relationships

between network dynamics and safety performance (Alsamadani et al., 2013; Alsamadani et al., 2013),

individual performance (Lin and Tan, 2013) and relational transactions on project outcomes (Li and

Ling, 2012; Ning and Ling, 2013).

Research on patterns of communication and coordination among project members is an

important topic that covers the four stages. Mead (2001) demonstrated the usefulness of SNA in

studying how a project intranet system affects the communication network. Shields and West (2003)

then examined the financial interactions in the context of a reasonably fixed network by encouraging

information coordination and sharing. The next two periods were characterized by a surge of studies

on this topic. Email database and text mining were applied to investigate the coherence between the

communication network and organizational coordination as well as to measure coordination

performance (Dogan et al., 2013; Hossain, 2009a; Hossain and Wu, 2009). Several scholars analysed

various components, such as relational competence (Pauget and Wald, 2013), structural holes (Heng

and Loosemore, 2013), and last planner system (Priven and Sacks, 2015), to promote the coordination

of project works in social networks. The formation and evolution of collaborative networks of

construction firms from dynamic perspectives were also explored (Liu et al., 2015; Park et al., 2011;

15



Son and Rojas, 2011).

As construction projects are knowledge-intensive, identifying knowledge networks among

heterogeneous project members is crucial. Brookes et al. (2006) first recognized the importance of

social patterns, processes, and practices for effective project knowledge management in the

construction industry. Thereafter, knowledge sharing, which includes tacit knowledge sharing,

became a significant focus in multinational organizations and across different generations (Arriagada

and Alarcon, 2014; Javernick-Will, 2011; Priven and Sacks, 2015; Sanaei et al., 2013; Zhang et al.,

2012). Ruan et al. (2012) and Di Marco et al. (2012) examined the important role of organizational

boundary spanners in the knowledge integration process and global design project networks.

Risk management, which comprise crisis, defect and misalignment that may lead to risks and

project conflicts, was the first SNA-based topic in CPM journals. Loosemore (1997; 1998) used SNA

to complement quantitative techniques and understand crisis management efficiency. Loosemore

(1999) employed SNA to reflect the misalignment of power and responsibilities. After 2012, other

specific risks were identified, such as those associated with the social network of contractors/trades,

work health and safety risks (Lingard et al., 2014; Wambeke et al., 2013). A new project pathogen

network methodology was also proposed to formulate the interrelationships of defect cause based on

SNA (Aljassmi et al., 2013).

SNA was proposed as an analytical tool and a theory of project governance (Pryke, 2004; Pryke,

2005). Pryke and Pearson (2006) utilised case studies to examine the relevance of financial incentives

in project governance. Project delivery, organizational control, and project structures of various types

of projects, including megaprojects and public—private partnership projects, became the new research

interests from a network perspective (Chowdhury et al., 2011; Davis and Walker, 2009; Li et al.,

16



2011).

Strategic management is an SNA-based topic that emerged in 2009. This concept embraced

strategic selection at macro and micro levels. At the macro level, design offshore outsourcing and

competition strategies were formulated for construction companies from a network

perspective(Abdul-Aziz and Wong, 2011; Nayak and Taylor, 2009). At the micro level, partner

selection, subcontractor selection and stakeholder analysis methods were proposed for project

networks (Unsal and Taylor, 2010; Yang, 2014). Li and Ling (2012) verified that the networking

method was an adaptable and flexible strategy for profitability.

Thorpe and Mead (2001) utilised SNA to determine the pull information flows of project-specific

websites in complex projects. Innovation diffusion within the construction industry in the United

Kingdom was then detected from a sociological perspective (Larsen and Ballal, 2005). Afterward,

Taylor and Levitt (2007), Taylor et al. (2009) and Unsal and Taylor (2011) investigated the

construction innovation in project networks by simulating the effect of task interdependence,

relational instability, and absorptive capacity on learning.

Site and resource management has been another new area of SNA research and application since

2009. This topic highlighted multiple trades working on a large number of interdependent tasks. SNA

was employed to detect key trades, identify benchmarks for specialty trades combined with data

envelopment analysis (DEA) and discover underlying job-site management problems (Lin, 2014;

Wambeke et al., 2012). In particular, resource management research is scattered and scarce,

comprising only analyses on business relationships in resource management and resource provision

ego-networks (Pryke et al., 2011; Sandhu and Helo, 2006).

4.3. Categories of Research Designs in SNA-Based Papers

17



In-depth analysis was conducted to categorise the analysis of unit (intra-organizational and

inter-organizational) and types of research design (analytic or descriptive), as shown in Table 7.

SNA-based research contributed to the investigation of a wide range of organizational topics across

different levels of analysis. One paper was eliminated because the nodes were not individuals or

organizations but defects (Aljassmi et al., 2013). Inter-organizational studies were employed at a high

frequency as primary research method (75%). Intra-organizational SNA was primarily applied at the

individual or group level (e.g., Priven and Sacks, 2015; Arriagada and Alarcén, 2014; Lin and Tan,

2013; Di Marco et al., 2010). This observation confirmed that construction project networks are

characterised by the collaboration of heterogeneous organizations, which explains the increased

attention to address the complex issues among them. Given that SNA is a quantitative tool used to

deal with an interpretive context in construction research (Loosemore, 1998), 52 of the selected

papers adopted SNA for analytical purposes, whereas 11 papers employed SNA to establish an

explanatory framework (e.g., Pryke, 2004; Larsen and Ballal, 2005; Arriagada D. and Alarcén C.,

2014).

(Please insert Table 7 here)

The studies were also divided into cross-sectional and longitudinal ones. Only four longitudinal

studies appeared in the reviewed papers, which illustrate the exploration of network evolution and

development and reflect how network structures evolve over time and how these multilateral

relationships are managed. Thus, increased attention should be paid to investigate longitudinal

network phenomena.

Mechanisms for capturing SNA-related information can be the result of surveys, direct

observation, interviews, reviews of electronic information (e.g. emails) and reviews of a printed

18



document or a combination thereof. In terms of a specific research method, most SNA-based studies

were conducted through a case study or multiple case studies, with the exception of 10 out of 63

papers that utilised a questionnaire (e.g., Chinowsky et al., 2008; Chinowsky et al., 2010; Lin, 2014;

Priven and Sacks, 2015; Sanaei et al., 2013), and four papers which employed simulation (e.g., Unsal

and Taylor, 2010). The representation of information can be captured by matrices, sociograms and

analysis, or by measuring density, centrality and isolation/ mediation (Anklam, 2005). Given the wide

range of SNA application, there are many commercial software packages available at present

(Bhattacharya and Huntley, 2005). Most of the reviewed papers that conducted quantitative research

have used SNA software for structural metrics, such as degree, closeness, betweenness, and structural

hole. Two papers contributed by the same authors employed PAJEK (Wambeke et al., 2012;

Wambeke et al., 2013), whereas all others adopted UCINET (e.g., Ruan et al., 2012; Sanaei et al.,

2013), which is the most popular commercial software package at present (Anklam, 2005;

Bhattacharya and Huntley, 2005).

4.4. Combined Use of SNA with Other Methods

SNA is a quantitative tool that can be applied within an interpretive context in construction research.

Loosemore (1998) questioned the association of quantitative and qualitative methods with causality

and the production of universal models but argued that both quantitative and qualitative methods

(jointly) have a role in understanding social roles, positions and behaviours in the construction project

environment. SNA is proposed because it is not used with the exclusion of other methods. To solve

complex problems in the CPM field, several researchers attempted to combine SNA with other

methods, such as DEA, agent-based modelling and simulation (ABMS), game theory, and

jobs-to-be-done framework. Given that limited applications use social networks in the construction
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field (Wambeke et al., 2012), eight papers have proposed the use of hybrid approaches to date.

DEA is mainly applied to measure the relative efficiency of decision-making unit(s) based on the

available data set for input and output variables (Lin and Tan, 2013). In construction site management,

DEA is used to evaluate the relative efficiency level of specialty trades (STs) to determine the

efficient STs. The combination can outline how an inefficient ST can improve its performance by

learning from other good performers within an achievable distance (Abbasian-Hosseini et al., 2014).

Lin and Tan (2013) employed DEA to measure the individual performance in building administration

authorities; SNA was used to investigate the relations of an individual’s centrality in the organization.

The results proved the positive relations between the intra-relationships and performance of

organizational members.

A large body of continuing work is also available on the evolution of organizational structure and

organizational behaviour through ABMS, which has direct roots in modelling complex adaptive

systems. Taylor et al. (2009) and Unsal et al. (2011) analysed various innovation adaptation processes

and organization learning through simulation. Unsal and Taylor (2010) examined how opportunistic

behavior can affect the choice of network partners through simulation. ABMS was also combined

with game theory to understand the evolution of collaboration within inter-organizational networks of

construction project teams (Son and Rojas, 2011).

SNA can address the causality and production of universal models to understand social roles,

positions, and behaviour in the construction project environment (Loosemore, 1998). In this causal

research, a broad approach can be adopted to study the phenomenon of social networksby focusing on

the antecedents and consequences of networks at each level. Through this approach, network variables

can and do serve as dependent and independent variables. For example, a network constraint was used
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to measure the level of cohesion and network range by measuring the level of diversity; cohesion

and network range were independent variables in ordinary least squares regression equations to test

the hypothesis on whether the two peculiar properties of project social capital influence project

performance (Di Vincenzo and Mascia, 2012). SNA was also combined with qualitative methods,

such as jobs-to-be-done (or jobs) framework, which was developed into a hybrid methodology that

can help construction practitioners to facilitate the proactive design and refinement of

high-performing teams (Solis et al., 2013).

5. Future Research Directions

Compared with mainstream management research, the main focus of the identified SNA papers in

CPM research (47/62) is the intra-organizational relationships of stakeholder-based project networks

rather than intra-organizational relationships within a single project stakeholder organization, which

complies with the recently emerging trend of viewing project stakeholder networks as temporary

network-based organizations (Turner and Miiller, 2003). Recent studies further indicated that the core

aim of managing stakeholders involved in a complex project is to achieve project values and benefits

by bringing their focus to the issues and fostering strong collaboration relationships among them,

especially in megaprojects (Mok et al., 2015). Thus, a dual-dimension framework is proposed to

assess previous SNA-based research and identify its future direction as shown in Fig. 4.

(Please insert Fig. 4 here)

Based on the evaluation results, three future research directions are identified.

Direction (I) refers to a structural understanding of how the disruptions and dynamics of internal

stakeholder networks eventually influence project outcome and values during the entire project

lifecycle, especially in complex projects that involve many internal stakeholders (Mok et al., 2015).
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Compared with the current main focus of the identified SNA-based papers, the minor focus is still

insufficient to address the effects of structural characteristics of internal stakeholder networks on

project outcomes. Many of the identified SNA papers revealed the process-related benefits and values

derived from internal stakeholder network management, such as communication and coordination,

knowledge management, risk management, IT utilization and innovation diffusion (Hossain, 2009a;

Hossain and Wu, 2009; Javernick-Will, 2011; Priven and Sacks, 2015; Lingard et al., 2014; Taylor et

al., 2009, Unsal and Taylor, 2011). However, the relationships between these process benefits and

project outcomes are seldom fully examined. Thus, future research efforts should be directed to this

aspect. These research efforts should combine a longitudinal research design to explore the effects of

establishment, evolution, maintenance, and even decay of internal stakeholder networks on the

outcome-oriented values (e.g. functionality, quality and profitability) of projects (Van Marrewijk,

2007).

Direction (II) involves research efforts examing the effects of external stakeholder networks on

project delivery and outcomes. Compared with internal project stakeholders having contractual

relationships with clients, external project stakeholders involved in a project (e.g. the community and

end users) hold an indirect or secondary position in the client-centric project network (Smith and Love,

2004; Carroll and Buchholtz, 2006) and seem to lack a formal project responsibility (Aaltonen, 2011;

Walker et al.,, 2008). However, conflicts or resistance with these stakeholders caused by ill

connections or the lack of due interactions may adversely affect project delivery and eventually

undermine project outcomes and values (Aaltonen, 2011). These issues are not addressed in the

identified SNA papers. Recent studies also indicated that the active involvement of external

stakeholders might achieve social values (Hillman & Keim, 2001), which is regarded as an integral
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part of project outcomes and values. Therefore, this aspect deserves more research focus in the future.

In future efforts, the combined use of SNA and a multi-level research design should be considered

because interactions between external stakeholders and the internal stakeholder network cores are

two-way, the external to the core and the core to the external.

The last direction refers to the process effects of external project stakeholders during project

execution phases. Engaging external stakeholders, such as the public, in project execution involves

several multi-phase participation forms regarding a specific issue (Hillman & Keim, 2001). In the

case in which process-related benefits and values of projects derived from the involvement of external

stakeholders cannot be obtained, realising the social benefits and value after project completion,

which involves a gradually accumulating process, is impossible. As noted by Smyth and Pryke (2008),

the combined use of SNA and a longitudinal research design can effectively demonstrate the dynamic

aspects of the development of social networks, which is critical for the creation of process benefits

and benefits. Considering that interactions with external stakeholders are inherently multi-level (Klein

and Kozlowski, 2000), the combined use of SNA with a multi-level design can also be a good

alternative for this purpose. In this study, only four articles that employed a multilevel research design

were identified; the articles merely included internal stakeholders (Hossain, 2009a; Hossain, 2009b;

Hossain and Wu, 2009; Unsal and Taylor, 2011)

6. Conclusions

To understand SNA application in CPM research in the last two decades, this study ascertained the

status of the area and forcasted promising areas for SNA application in the field by reviewing relevant

papers published in major peer-reviewed journals. A structured review of the SNA literature from

1997 to 2015 was conducted. After a three-stage review, 63 papers were identified and successively

23



analysed in terms of institutional and individual contributions, citations, categorization of research

interests, methodologies, and future research directions.

The main limitation of this study is the limited number of review papers. Obviously, the

identified 63 papers might not cover all the papers related to SNA applications in CPM research

because of the limitations of the research design and tools as well as time and resource constraints. In

addition, although a scientometric technique was applied to categorise the topics of the 63 papers

identified through a keyword co-occurrence analysis, determining the topic coverage of the identified

papers might rely on the subjective judgments of authors to a large extent.

Given these limitations, a great amount of review effort was exerted in this work. The review

results reveal a growing interest in SNA-based research, particularly over the past seven years.

Several major universities/institutions and leading scholars in this field were identified. The analysis

results further show that the research interests of scholars involved in this field center on eight topics:

(1) performance and effectiveness, (2) communication and coordination, (3) knowledge management,

(4) risk management, (5) governance issue, (6) strategic management, (7) IT utilization and

innovation diffusion, and (8) site and resource management. The applications of the SNA method in

these categorised topics are proven to be highly effective and practical in quantifying and visualising

the patterns of various interactions in a wide range of areas when analysing problems encountered in

construction projects.

Finally, an integrated framework of value-based stakeholder management was proposed to

identify the future directions for SNA applications in CPM research. Three future directions, namely,

internal-stakeholder networks for outcome-related values, external-stakeholder networks for

process-related values, and external-stakeholder network for outcome-related values, are identified.
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By directing further research efforts to these directions, an improved understanding of the network
relationships among internal and external stakeholders for project value creation can be obtained
throughout the project life cycle, which may shed more theoretical insights into the current network
building and improvement in practice.
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Table 1. Number of related papers in selected journal papers

Journal title Number of selected paper
Journal of Construction Engineering and Management—ASCE (JCEM) 18
Construction Management and Economics (CME) 13

Journal of Management in Engineering—ASCE (JME) 9
International Journal of Project Management (IJPM) 7
Engineering, Construction and Architectural Management (ECAM) 6
Engineering Project Organization Journal (EPOJ) 5
Project Management Journal (PMJ) 3
Building Research and Information (BRI) 2

Total 63
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Table 2. Research Institutions with at Least 3 Papers Published

Ranking University/institution Country/region Researchers  Papers  Scores
1 University of Colorado at Boulder U.S. 11 8 6.26
2 University of New South Wales Australia 3 5 4.08
3 University College London UK. 3 5 4.00
4 Columbia University U.S. 4 5 2.67
5 University of Texas at Austin U.S. 2 4 3.08
6 Virginia Polytechnic Institute U.S. 2 4 0.93
7 Loughborough University UK. 5 3 1.36
8 North Carolina State University U.S. 3 3 1.36
9 Texas Tech University U.S. 1 3 0.70
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Table 3. Number of citations of papers from eight selected journals

Total citation of relevant

Total number of relevant

Citations per

Journal
papers papers paper
JCEM 463 18 25.7
CME 413 13 31.8
1JPM 195 7 27.9
PMJ 194 3 64.7
JIME 183 9 20.3
ECAM 102 6 17.0
EPOJ 60 5 12.0
BRI 44 2 22.0
Total 1654 63 26.3
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Table 4. Top 10 journal articles ranked by the citation

. . Volume o
Ranking  Author(s)/year Journal Document title . Citations
(issue)
i Chinowsky, P. et TCEM Social Network Model of 134 (10) 149
al. (2008) Construction
Analyzing construction project
) Pryke, S. D. CME cc')alit'ions explc.)ring the 2 (8) 145
(2004) application of social network
analysis
3 Thorpe, T. and TCEM Project-specific web sites: friend 127(5) g5
Mead, S. (2001) or foe
4 Chinowsky, P. S. TCEM Project Organizations as Social 136 (4) 6
et al. (2010) Networks
Social processes, patterns and
Brookes, N. J. et practices and project knov.vledge
5 1. (2006) 1JPM management A theoretical 24 (6) 75
a framework and an empirical
investigation
6 Mead, S. P. PMI Using'socia'ﬂ netw.ork analysis to 32 (4) 4
(2001) visualize project teams
- Pryke, S. D. CME Towards a s.ocial network theory 23 (9) 7
(2005) of project governance
DiM M. K Emergence and Role of Cultural
i Marco, M. K. .
8 ¢ al C(;OIO) JME Boundary Spanners in Global 26 (3) 66
al.
© Engineering Project Networks
9 Loosemore, M. CME Responsibili.ty, powe'r and 17(6) 57
(1999) construction conflict
Nayak N. V. and
ava n Offshore outsourcing in global
10 Taylor J. E. JIME : 25 (4) 49
design networks
(2009)

Notes: data obtained from Google Scholar.
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Table 5. Nodes and links for each slice

Time slices Number of Nodes Number of Links
1997-2001 14 34
2002-2006 59 314
2007-2011 175 1306
2012-2015 212 1425
Total 460 3079
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Table 6. Distributions of publications by period and identified research topics

Period (year)
Rank  Research Topic Related keywords 1997- 2002-2 2007- 2012- Number
2001 006 2011 2015
1 Performance and performance, 0 0 7 6 13
effectiveness effectiveness, success
2 Communication communication, 1 1 6 5 13
and coordination,
coordination collaboration,
cooperation, coalition
3 Knowledge knowledge, 0 1 1 6 8
management knowledge management
knowledge transfer,
knowledge sharing,
knowledge integration
4 Risk management risk, error, conflict, 3 0 0 3 6
crisis, risk management
5 Governance issue  project management, 0 3 3 0 6
project governance,
6 Strategic strategy, stakeholder 0 0 4 2 6
management management
7 IT utilization and innovation diffusion, 1 1 4 0 6
innovation information technology,
diffusion boundary object
8 Site and resource construction 0 1 1 3 5
management management, safety,
resource allocation,
resource management
Total 5 7 26 25 63
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Table 7. Categories of Research Methods in SNA-based paper

Units of Analysis

Types of research design

Topics Intra-organizational Inter-organizational Descriptive Analytical
& & (Qualitative) (Quantitative)

Perfomance and 5 3 2 11
effectiveness
Comn.lum.catlon and 6 10 1 12
coordination
Knowledge 4 4 1 7
management
Risk management 1 4 1 5
Governance issue 0 6 2 4
Strategic 1 4 5 3
management
IT utilization and
innovation diffusion 2 4 ! >
Site and resource 0 6 1 5
management

Total 15 47 11 52
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