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ABSTRACT  

Social Network Analysis (SNA) has been used in multidisciplinary research during the 
past two decades due to the unique nature of network visualisation and extensive 
analytical capabilities. This tool has also gained increasing attention among the 
researchers in the sustainable construction arena in recent years. Nevertheless, a 
thorough review has not yet been done to review the application of SNA in the sector of 
sustainable construction. This paper attempts to address this gap through a 
comprehensive review of previous journal publications. Accordingly, 73 journal papers 
were initially identified for review through the “Web of Science “publications database. 
Subsequently, a bibliometric analysis was done through “VOS viewer” software 
package to identify the research trends throughout the past years. The results show 
significant progress in relevant publications during 2014-2018 and a major contribution 
to research from China. After an extensive filtration process, 17 particularly relevant 
journal papers were identified which have applied both social network visualisation and 
analysis techniques for the sustainability aspects of construction. The contents of these 
papers were comprehensively analysed in terms of data collection methods, network 
analysis techniques, network structures and sustainability knowledge areas. Finally, this 
paper contributes to theoretical knowledge in this domain, by suggesting a future 
research direction through a SNA conceptual model to analyse stakeholder 
collaborations for project life cycle sustainability initiatives. The findings of this paper 
will serve as a good source for future researchers to comprehensively identify, compare 
and contrast the applications of SNA techniques for sustainability related studies in the 
construction sector. 
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1. INTRODUCTION 
Heightened attention to partnerships and collaborative arrangements among different 
entities in the construction sector is apparent through numerous recent studies (e.g. 
Manley, 2002; Kumaraswamy et al., 2010; De Silva et al., 2017). Accordingly, Scott et 
al. (2008) highlighted the importance of developing collaborative networks to visualise 
and analyse the connectedness of entities. The widely accepted and practiced theoretical 
foundation for mapping and assessing collaborative networks is the theory of Social 
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Network Analysis (SNA) which provides a holistic picture and enhanced capabilities to 
analyse complex interactions in construction projects (Borgatti and Foster, 2003). 
Scholars have largely incorporated SNA techniques in studying construction management 
practices during the past two decades and some authors have comprehensively reviewed 
the applications of SNA in the construction sector (Chinowsky and Taylor, 2012; Zheng 
et al., 2016; Lee et al., 2017). “Sustainable Construction” targets on maximising the 
economic value of construction projects while minimising the negative effects on the 
environment and society (Wu et al., 2018). With the rising attention to improving 
sustainability practices in the construction sector, scholars have progressively used SNA 
to develop collaborative networks and generate significant outcomes to improve and 
manage sustainability in construction. An in depth review of these publications can 
benefit scholars to identify prevailing knowledge areas and inspire future research 
directions. Yet, a comprehensive review has not been employed to specifically identify 
how SNA has been utilised to map and improve sustainability in the construction sector. 
Hence, this paper aims to address the aforementioned knowledge gap by employing a 
“bibliometric review” and a “review of SNA methods”. As a final point, a SNA based 
future research direction is suggested focusing on stakeholder collaborations for life cycle 
sustainability initiatives. 

2. SOCIAL NETWORK ANALYSIS (SNA) 

2.1 SNA AS A MANAGEMENT TOOL 
A typical network structure consists of nodes (actors/vertices) to represent entities and 
ties (a link, which is represented by a line connecting two nodes in a network) to represent 
the connectedness between entities (refer Figure 1) (Lee et al., 2017). Establishing this 
network necessitates identifying significant entities within the network and establishing 
relationships among identified entities focusing on a desired goal or a set of goals (Alves 
et al., 2012). 

 
Figure 1: The structure of a social network 

Initial thoughts about SNA go back to the 1930s and SNA theories have been primarily 
utilised to investigate informal relationships of social groups during the early stages of 
SNA adaption (Zheng et al., 2016). SNA applications for the development of 
organisational networks have been evident from late 1970s (Kilduff and Tsai, 2003). 
During this period, researchers started to use SNA theories for empirical management 
studies within business organisations by developing social network structures to visualise 
formal relational arrangements at organisational level (Tichy et al., 1979). After this era, 
an upsurge in SNA related studies is observed, largely due to the development of software 
based platforms with commanding network analysis tools such as UCINET, PAJEK and 
NETMINER (Bodin and Crona, 2009). A number of studies related to the areas like 
knowledge management, medicine, risk management, information and communication 
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technology, project management, organisational management, supply chain management, 
etc. can be identified during the past two decades (Vechan, 2015; Lee et al., 2017).  

2.2 SNA IN CONSTRUCTION MANAGEMENT 
The application of SNA in the fields of construction management began gaining the 
attention of scholars during the period of 1990s (Vechan, 2015). Early studies mainly 
focused on the network development and analysis of intra- organisational level 
stakeholders in construction project environments (Loosemore, 1997). Thereafter, the 
studies of SNA in construction management mainly focused on the areas like analysing 
cross boundary relationships of organisations and stakeholders, representation of the 
organisational structure of projects, stakeholder associated risk management in project 
environments, project governance, stakeholder communication networks and health and 
safety management (Pryke, 2012; Zheng et al., 2016; Lee et al., 2017). Nowadays, the 
project environments have become more complex, hence practices and procedures are 
significantly affected by sociological and institutional policies and changes. Therefore, 
recent SNA related studies have also considered the entities in external environment and 
sociological factors (Chinowsky and Taylor, 2012).  

3. BIBLIOMETRIC REVIEW OF SNA APPLICATIONS IN 
SUSTAINABLE CONSTRUCTION MANAGEMENT 

3.1 REVIEW METHODS  
For the bibliometric review, a database search was done to identify the previous journal 
publications related to the applications of SNA in sustainable construction by adapting a 
methodical process proposed by Hu et al. (2013) which discusses the key procedures in 
assessing the contents of previous publications. Accordingly, as the initial step, a 
comprehensive exploration was done through the “Web of Science” database “Topic 
Search” function using the keywords “Social Network Analysis” and “Sustainable 
Construction” which resulted in 73 journal publications during 2005 to 2018 (Figure 2). 
“Web of Science” is one of the largest publications databases in the world which provides 
access to a range of citation indexes. During the “Topic Search” function, the database 
searches through all the words in title, abstract and the keywords in an article to match 
and identify the related publications. Hence, the researchers were able to access nearly all 
the best matching journal publications for the intended review. Subsequently, the search 
results were further analysed through “VOS viewer” bibliometric analysis software 
package to construct the keyword co-occurrence network and co-citation network. 

3.2 REVIEW RESULTS 
“Web of Science” database search results emphasised a rising attention for SNA related 
studies in the arena of sustainable construction management. From 2005 to 2010, the 
number of papers published was less (9 papers) when comparing with the publications 
after the year 2010. Further, 58 (out of all 73) papers were published during the period of 
2014-2018 (refer Figure 2). This emphasises that SNA has become a more popular 
analytical tool among the researchers in sustainable construction sector during the recent 
years. 
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Figure 2: Number of journal publications for the application of SNA in sustainable construction 

3.2.1 Keywords and Citations Distribution 
Keywords co-occurrence network and co-citation network were developed to further 
understand the trends of SNA applications in the arena of sustainable construction 
management. The minimum number of occurrences of a key word was set to 5 times to 
reduce the complexity which resulted in a network of 16 frequently appeared keywords 
out of 589 total keywords. Network “A” in Figure 3 shows all 16 keywords where node 
sizes are arranged according to the frequency of occurrences and total strength of the co-
occurrence links are visualised through line weightages. Three main keyword clusters 
were identified (Nodes with Red, Green and Blue) which had close co-occurrences with 
each other in the identified set of publications.  
Network “B” in Figure 3 was developed to understand the research trends over time. 
Thus, the keywords related to primary database search (SNA-16 occurrences, 
construction-16 occurrences, sustainability-11 occurrences, sustainable development-9 
occurrences) were removed from the network to clearly identify the changing pattern of 
topics from 2010 to 2018. Comparative analysis of node colours with the provided time 
scale in network “B” shows that the topics; “Innovation”, “Risk”, “Evolution” and 
“Policy” attracted rising attention recently. Interestingly, the keyword “China” also 
showed a heightened attention during this period, which testifies to the many significant 
applications in the region. 

 
Figure 3: Keyword co-occurrence networks 

For co-citation network, minimum number of publications threshold was set to 3 
documents for a country. Accordingly, 10 countries appeared, while countries outside the 
main co citation cluster were excluded which resulted in a network of 6 countries with 
most number of co citations (refer to the network in Figure 4). Node sizes of the network 
are arranged according to the number of publications for each country. Node colours 
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represent the time scale of publications while link weightages represent the frequency of 
co-citations. China leads with the highest number of publications (15 papers) in the field 
and the strongest co-citation link is shown between Australia and China. Further, the pie 
chart in Figure 4 emphasises the percentage number of publications for each country, out 
of the set of identified journal publications. All the aforementioned findings point to a 
rising attention in the use of SNA for the management and improvement of sustainable 
construction in the region of China.   

 
Figure 4: Co-citation network and percentage of publications 

4. REVIEW OF SNA METHODS USED IN SUSTAINABLE 
CONSTRUCTION MANAGEMENT  

4.1 REVIEW METHODS 
This section is focused on comprehensively analysing the SNA methods employed in the 
field of sustainable construction. Therefore, the initial set of 73 publications were 
analysed to filter and identify the most relevant papers.  Even though most of the papers 
showed the application of SNA theories and discussions, there were only 17 papers which 
constructed social network matrices through data collection processes and employed 
SNA quantitative methods. Though the number of papers was less, the most appropriate 
studies were identified to perform the intended review. The following sections describe 
the data collection methods, analysis techniques, network structures, knowledge areas 
and significant outcomes of SNA related studies in the field of sustainable construction. 

4.2 REVIEW RESULTS 
4.2.1 Data Collection Methods Used to Identify Nodes and Links for Social 

Networks 

Identification of nodes and links are the main two facets in data collection essential to 
develop social network structures (Borgatti, 2013). Researchers use different types of 
techniques for the data collection in SNA related studies such as interviews, observations, 
surveys and data mining (Wasserman and Faust, 1994). Figure 5 shows a comparative 
representation of data collection methods utilised to identify nodes and links in the 
selected 17 papers. Literature findings, questionnaire surveys and interviews are 
frequently used for the identification of nodes while questionnaire surveys, workshops 
and interviews are commonly used to identify the links. 
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Figure 5: A comparison of data collection methods for nodes and links 

4.2.2 Social Network Quantitative Analysis Methods 
Scholars have utilised numerous social network based quantitative analysis methods to 
interpret their findings in different contexts. Among the diverse methods, Centrality and 
Density measures are frequently used and popular among scholars (Lee et al., 2017; Butts, 
2018). The publications reviewed in the current study also have incorporated a number 
of different social network based quantitative analysis techniques. Most of the studies 
have adapted multiple measures depending on the projected outcomes. Thus, Table 1 
shows the frequently used quantitative analysis methods in the reviewed 17 papers with 
the number of occurrences and a brief description of the respective method. 

Table 1: SNA quantitative measures 

SNA method Times 
used 

Description (Wasserman and Faust, 1994; Loosemore, 1998) 

Degree centrality 14 Measures the level of connectivity of a node (Number of links) 
Betweenness 
centrality 

13 Measures the extent which a node lies between other nodes. (A 
higher value indicates a better control over the information/ 
impact passing across the node)  

Network density 7 Ratio of the number of ties to the maximum possible ties. 
Out degree 7 Number of out coming connections from a node (impact to) 
In degree 6 Number of incoming connections to a node (impacted by) 
Closeness 
centrality 

6 Measures the score of each node based on the length of the 
path to all other nodes by calculating the shortest paths 

Degree difference 3 Difference between the in-degree and out-degree values  

4.2.3 Social Network Structures 
Most of the existing studies show the links between same type of nodes in networks which 
are referred as one mode networks (e.g. “actor – actor”, refer to Network 1 in Figure 6). 
Further, there are some studies with two different types of entities which are identified as 
two mode networks (e.g. “actor-event”, refer to Network 3 in Figure 6) (Borgatti, 2009; 
Pryke, 2012). Networks with more than two different types of nodes are less in practice 
due to limited analysis capabilities. Moreover, several studies can be identified which 
assigned the combined effect of two entities as a node in one mode networks (refer to 
Network 2 in Figure 6)  
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Figure 6: Network structures 

To feed data into a network, a network analysis matrix should be prepared to identify 
interrelations among nodes, which is known as the adjacency matrix. These “actor-event” 
adjacency matrices can be converted into “actor-actor” and “event-event” matrices 
considering whether a pair of actors are associated with the similar event or whether two 
events are related with each other through a common actor (Borgatti, 2009; De Nooy et 
al., 2011). Accordingly, two mode networks can be converted to one mode networks to 
explore the unseen relationships and results (refer to Networks 3, 4, and 5 in Figure 6)   
4.2.4 Sustainability Knowledge Areas and SNA Applications 

Table 2 shows the applications of aforementioned network arrangements (Figure 6) in the 
reviewed papers. Studies 1 to 9 utilised the structure of Network 1 while studies 10-12 
and 13-15 used the structures of Networks 2 and 3 respectively. Further, two-mode to 
one-mode conversion and analysis techniques can be identified in the studies 16 and 17.  

Table 2: Sustainability knowledge areas and SNA applications 

Authors Areas Applications and outcomes of SNA 
1. Zedan and 

Miller 
(2017) 

Energy 
management 

To visualise strongly linked stakeholders and information 
dissemination patterns influencing energy efficiency. 

2. Li et al. 
(2017) 

Energy 
management 

To assess stakeholder engagement and communication 
for the effective implementation of net zero energy 
homes  

3. El-Diraby et 
al. (2017) 

Green 
buildings/ 
technologies 

To visualise online stakeholder interactions in a Building 
Information Modelling (BIM) platform to identify 
patterns of green information communication. 

4. Xue et al. 
(2018) 

Economical 
sustainability 

To assess the stakeholder collaborative arrangements to 
compare with cost performances of projects. 

5. Schröpfer et 
al. (2017) 

Knowledge 
management 

To map the knowledge flow among stakeholders related 
to sustainable techniques, technologies and materials. 

6. Wang et al. 
(2018) 

Social 
sustainability 

To visualise stakeholder interactions for the improvement 
of social sustainability in construction 

7. Doloi (2012) Social 
sustainability 

To identify most influencing stakeholders for the social 
performance of infrastructure projects 
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Authors Areas Applications and outcomes of SNA 
8. Cross et al. 

(2017) 
Social/Energy 
performance 

To assess the centralised participants and to identify the 
knowledge and information flow across the network. 

9. Korkmaz 
and Singh 
(2012) 

Knowledge 
management 

To analyse team interactions of student teams leaning 
sustainable construction practices 

10. Wu et al. 
(2018) 

All pillars of 
sustainability 

To assess the network of stakeholder associated 
indicators for evaluating mega sustainable construction 
projects 

11. Yang and 
Zou (2014) 

Green 
buildings/Risk 

To map the interactions and assess stakeholder associated 
risks in complex green building projects 

12. Yang et al. 
(2016) 

Green 
buildings/Risk 

To understand key risk networks by modelling networks 
of stakeholder associated risks in green building projects 

13. Almahmoud 
and Doloi 
(2015) 

Social 
sustainability 

To map and assess the relationships between 
stakeholders and social core functions 

14. Liang et al. 
(2015) 

Green 
retrofits 

To map and assess the interactions between stakeholders 
and critical success factors for green retrofits.  

15. Coles et al. 
(2016) 

Energy 
management 

To analyse the linkage between energy efficient 
microgeneration installations for buildings and associated 
organisations  

16. Yuan et al. 
(2018) 

Social risk 
management 

To assess the relationships between stakeholders and 
social risks in construction projects  

17. Xiaodong et 
al. (2018) 

Green 
buildings 

To map the factors affecting green residential building 
projects with project phases and analyse the connectivity 
between the factors by converting to one- mode networks 

5. A FUTURE RESEARCH DIRECTION 
The focused review of existing publications exhibited an increasing demand in SNA 
applications for stakeholder management in the sustainable construction sector. Yet, a 
lack of concern can be observed for two-mode network approaches (as described in 
section 4.2.3). Further, most of the studies overlook the stakeholder relationships and 
interdependencies without considering coalitions in different project life cycle phases 
(refer Table 2). Thus, a conceptual model is suggested which can be effectively utilised 
to visualise and analyse the integration of stakeholders with project life cycle phases 
focusing sustainability initiatives (refer Figure 7). This model presents a two-mode 
network approach with meaningful one mode conversions and analysis pathways. 
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Figure 7: A conceptual model for assessing collaborative commitment for sustainability 

6. CONCLUSIONS 
A critical review of the existing literature revealed an increasing demand in SNA 
applications for mapping and improving sustainability in the construction sector. The 
bibliometric analysis results indicate a rising attention in China followed by USA and 
Australia. Subsequently, a deeper understanding of collaborative arrangements of various 
entities can be derived through extensive SNA measures like Centrality and Density. The 
review results show that researchers have utilised the network structures in numerous 
ways to achieve intended outcomes and the use of SNA one-mode structures is seen to be 
more popular than two-mode and multi-mode structures. Results further emphasised that 
SNA has been widely utilised in the sustainability knowledge areas like Green 
Construction, Energy Management and Social Sustainability. Lastly, the proposed 
conceptual model provides an effective platform to analyse stakeholder collaborations for 
life cycle sustainability initiatives. Although, SNA provides a comprehensive platform to 
analyse collaborative arrangements, effective data collection on the relational aspects of 
each node is critical for the accuracy of network development. Inaccuracy of the relational 
attributes of one node can significantly affect the overall network structure and outcomes. 
Nevertheless, SNA has provided a valuable contribution for mapping and improving the 
sustainable construction management. This paper enhances the existing knowledge by 
providing a structured review of the application of SNA in sustainable construction 
practices and suggesting a future research direction with a novel conceptual model. The 
outcomes will benefit future researchers in this field to identify previous applications and 
build up effective research focus areas; and also assist practitioners in gaining an 
overview of their present interactions in pursuing sustainable construction and also 
indicating any duplication, gaps or other weak areas to be addressed, so as to increase the 
effectiveness and efficiency of their sustainability endeavours. 
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