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Abstract: The growing interest in Knowledge Management (KM) has led to increased attention
to Social Network Analysis (SNA) as a tool to map the relationships in networks. SNA can be
used to evaluate knowledge flows between project teams, contributing to collaborative working
and improved performance. Similarly, it has the potential to be used for construction projects
and organisations. This paper aims at identifying current trends and future research directions
related to using SNA for KM in construction. A systematic review and thematic analysis were
used to critically review the existing studies and identify potential research areas in construction
specifically related to research approaches and explore the possibilities for extension of SNA in KM.
The findings revealed that there are knowledge gaps in research approaches with case study-based
research involving external stakeholders, collaborations, development of communication protocols,
which are priority areas identified for future research. SNA in KM related to construction could be
extended to develop models that capture both formal and informal relationships as well as the KM
process in pre-construction, construction, and post-construction stages to improve the performance of
projects. Similarly, SNA can be integrated with methodological concepts, such as Analytic Hierarchy
Process (AHP), knowledge broker, and so forth, to improve KM processes in construction. This study
identifies potential research areas that provide the basis for stakeholders and academia to resolve
current issues in the use of SNA for KM in construction.

Keywords: Knowledge Management; Social Network Analysis; construction; future research directions

1. Introduction

Knowledge Management (KM) has grasped the attention in academia as well as
industry. KM is identified as “the discipline of creating a thriving work and learning
environment that fosters the continuous creation, aggregation, use, and re-use of both
organisational and personal knowledge in the pursuit of new business value” [1]. KM
ensures effective dissemination of knowledge throughout an organisation to the point of
requirement within a particular project [2]. The effective management of project knowledge
assists in proactive and timely decision-making and contributes to project performance
in terms of time, cost, and quality [3]. According to Allen et al. [4], although the internal
knowledge assets of an organisation are vital in driving its commercial performance, it is
believed that success is conditional on the way in which these are effectively exchanged
and exploited.

KM practices in organisations focus on knowledge creation and knowledge trans-
fer activities [5]. According to Alavi and Leidner [6], knowledge can be considered as
(1) an object, which considers building and managing knowledge stocks, or (2) a process,
which focuses on knowledge flow and processes of creation, sharing, and distribution of
knowledge. Knowledge as a process includes creation, storage, retrieval, transfer, and
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application [7]. These processes could be sub-divided to create internal knowledge, acquire
external knowledge, store knowledge in documents or routines, and update and share
knowledge internally and externally [6].

The construction industry is known as one of the knowledge-based value creating
sectors of the economy [8]. Knowledge-intensive construction organisations rely on profes-
sional knowledge or expertise related to a specific technical or functional domain [9,10]
and heavily rely on tacit knowledge [11,12]. Tacit knowledge is stored in a construction
professional’s head [13], for example, knowledge on estimating and tendering; while ex-
plicit knowledge is stored as written documents or procedures, for example, drawings,
specifications, and so forth. The construction industry involves several stakeholders that
exchange knowledge through various modes. Hence, knowledge sharing is strongly af-
fected by the relationship between the people or their social interactions [14]. Argote and
Ingram [15] found that strong ties enable tacit knowledge sharing.

Social Network Analysis (SNA) is a novel tool that was introduced to monitor and
rigorously analyse the relationships between actors. Studying the relationships in KM
flows in construction networks through SNA could assist construction organisations to
nurture stronger networks and enable better knowledge management processes. There is
a growing tendency of using SNA as a tool to measure knowledge flows in KM research
in construction and other sectors [16]. A recent systematic review into SNA in sustain-
able construction found that SNA can be effectively used to map networks in different
disciplines such as project management, risk management, KM, and among others [17].
However, there is a lack of reviews and understanding of SNA for KM in construction
research. Therefore, this study reviews existing literature and identifies knowledge gaps
and future research directions related to using SNA for KM in construction. This paper
aims at reviewing existing literature and identifying current trends and future research
directions related to using SNA for KM in construction. This study answers the following
research questions (RQs):

1. What are the research approaches that could be used to explore SNA for KM?
2. What are the current trends for using SNA in construction?
3. What are the research gaps related to using SNA for KM in construction?

The terminology and concepts on SNA have been discussed in Section 2 followed by
Section 3, which provides the methodology adopted. Section 4 presents the findings of the
paper, along with the identified potential research areas that could be explored in future to
resolve issues in KM in construction. Section 5 presents the conclusion of the paper.

2. SNA as a Tool for Analysing Social Relationships

The social network of a project refers to “the combination of all project relationships
that exist between the project actors” [3]. According to Wasserman and Faust [18], a
social network is a set/sets of actors (discrete individual, corporate, or collective social
units) and the relationships between them. Networking is a social communication process
that encourages communities to share knowledge. The social relations that knot the
modern world together can have multiple effects, where a change in one area of the world
could affect the rest [19,20]. The same impact can be observed within an organisation as
well. Hence, it is important to have a precise understanding of the relationships between
actors in terms of knowledge sharing in a formal as well as informal surrounding in an
organization [21].

SNA is a method that is used to analyse people and their relationships with each
other [22]. It maps and measures formal and informal relationships to understand, what
facilitates or impedes the knowledge flows; for example, who knows whom, who shares
what information/knowledge with whom by what media [23]. The data collected to carry
out SNA provides baseline information, which could be analysed to improve knowledge
flows, i.e., social connections with increased productivity [23].

SNA provides both a visual and mathematical analysis of human relationships [24].
The visual aid is provided by “sociograms”, and mathematical analysis is provided with the
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use of matrices and statistical models. These mathematical and graphical techniques in SNA
assist in representing the networks compactly and systematically, while allowing to derive
patterns of social relationships that connect the actors instead of words [25]. The results of
an SNA assist in identifying the actors, who play central roles, identify bottlenecks and
structural holes, identify opportunities to accelerate knowledge flows, strengthen efficiency
and effectiveness of existing communication channels, raise awareness of the importance
of informal networks to enhance organisational performance, leverage peer support, and
improve innovation learning among others [23]. In social networks, individuals could
be seen as nodes or actors and, similarly, a social network approach could be observed
between organisations [26,27].

To identify the nature of relationships between various construction stakeholders/actors
SNA tool uses different measures such as degree centrality, closeness centrality, between-
ness centrality, and tie strength, among others, which are used in SNA-related studies
when analysing the relationships between actors in social networks.

• Degree centrality indicates the influence or power of network members [28]. Kim et al. [7]
stated that degree refers to the number of relationships maintained by each member in
a network. In-degree refers to incoming connections while out-degree refers to outgo-
ing connections. In-degree connections indicate a member’s popularity (prominence),
while a person with a high out-degree is considered as an influential member in the
network [29].

• Closeness centrality indicates the integration or isolation of network members [28].
According to Kim et al. [7], it is measured as the sum of distances between members.
Nodes that are at a comparatively shorter distance would receive information sooner
than other nodes that are away from others [30]. High closeness centrality signifies the
greater autonomy of an individual member due to the ease of reaching out to other
members [28]. On the other hand, low centrality denotes higher individual member
dependency on other members.

• Betweenness centrality indicates the extent to which a member sits between others
in the network [7]. It refers to the role played by a member as an intermediary and
determines whether a member plays an important role as a broker or a gatekeeper
within a network [28]. Structurally important nodes are well positioned to control
information flows and create bottlenecks that slow the network down [30].

• Tie strength assists in assessing the degree of connectivity of members in a network
and the likelihood that information flows between members [7]. Tie strength is
measured by the number of relationships between members [28]. When the tie strength
between 2 members is high, they are more motivated to provide information to the
other member.

• Density presents the overall linkage between network members. Density is measured
by dividing the total number of ties by the total number of possible ties [28]. Accord-
ing to Chinowsky et al. [31], if the density is high, it indicates that the number of
relationships that exist in the network is high.

3. Research Methodology

The methodological approach followed in this study consisted of a qualitative research
approach, including a systematic literature review and thematic analysis. The systematic
literature review was carried out on the use of SNA for KM to understand the terminology
and concepts and to give an overview of previous studies and their research outputs.
Scopus, Web of Science, and Google Scholar databases were used to carry out the searches
using the keywords “Knowledge Management” AND “Social Network Analysis” AND
“Construction”. Scopus identified 2285 papers, Web of Science identified 398 papers, while
Google Scholar identified 10,600 results. This initial search was done considering all fields
and this could be misleading as it considers the whole content of the article including
the reference list. Therefore, in the next step, the search was limited to title, abstract, and
keywords only. As a result, 43 papers from Scopus, 15 papers from Web of Science, and
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135 papers from Google Scholar were identified. Subsequently, all identified suggestions
were evaluated in detail, avoiding repetitions to refine the most suitable articles. Finally, a
total of 42 articles, including journals, conference papers, and book sections, between 1998
and 2020 were considered for the systematic review as illustrated in Figure 1.
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After selecting the papers for the systematic review, the thematic analysis was carried
out as presented in Figure 2.

Thematic analysis is used in qualitative research to examine themes by identifying
and reporting patterns (themes) within the research topic. Therefore, thematic analysis
was selected to define the themes, Knowledge Management, and Social Network Analysis
(KM-SNA) research approaches and extension of SNA in KM, as depicted in Figure 2.
Under each theme, sub-themes were identified. This assisted in identifying the research
gaps for each theme. After following these steps on all the themes, the research gaps and
directions for future construction research under each theme were identified as detailed in
the following section.
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4. Findings

This section presents the findings of the systematic literature review and thematic
analysis carried out in this study.

4.1. Research Approaches to Explore the Use of SNA for KM

Various studies that explore the use of SNA for KM consider different research ap-
proaches to evaluate relationships in social networks. These research approaches have
been categorised into 3 areas such as research designs, SNA measures, and SNA network
presentation modes.

4.1.1. SNA in KM Research Designs

Out of 15 studies that were short-listed through the systematic review, seven studies
considered a single case study design, and six studies considered a multiple case study
design as reported in Tables 1 and 2 while two studies used other research designs such
as survey strategy, expert interviews, and meta-analysis. Some of the case study-based
researches were specifically related to construction as indicated in the tables.
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Table 1. Single case study research design.

Studies in Various Industries

Study Description Features of Case Study Design

Kim et al. [7]

A Knowledge Brokering System (KBS) is introduced
to create the link between knowledge seekers and
knowledge experts. This system uses several SNA
measures to calculate the expertise index, which

assists in selecting experts.

A single project team consisting of 10
members in a Korean financial company

were considered to collect data and
validate the functions of the KBS.

Capece and Costa [32]

This study proposes an evaluation method based on
SNA and team configuration indexes to measure

knowledge creation in virtual teams. 4 virtual teams
within a single case study have been used to collect

data and evaluate the relationships between the
actors using SNA.

4 independent virtual teams (each
comprising of 6 members) in an Italian

manufacturing company were considered
and data were collected using an

autoevaluation questionnaire with closed
questions using likert scale or

multiple-choice questions.

Studies in Construction

Study Description Features of Case Study Design

Lin [33]

In this study, job-site social networks including
order-management, technical-consultation, and
interpersonal-social networks in the Husan dam

project in Taiwan are analysed using SNA measures
to discover underlying job-site management issues

and potential technology interfaces.

70 participants involved in Husan dam
project in Taiwan contributed to the data
collection process carried out in the form

of a questionnaire. These participants
were from 9 organisations, including the
owner company, 2 consultancy firms, and

6 subcontractors.

Almahmoud and Doloi [34]

The proposed dynamic assessment model,
developed using sustainability and equity theories,
was evaluated using SNA to map the relationships

between stahkeholders.

20 participants engaged in 14 different
roles, such as contractor, supplier, owner
and so forth, in a project in Saudi Arabia
were analysed using a questionnaire with

a 7-point Likert scale.

Wang et al. [35]

SNA was used in this study to evaluate the
suitability of the proposed multi-layered conceptual

framework that incorporated social sustainability
and construction.

The network participants in a turnkey
building renovation project were
analysed using a questionnaire.

Loosemore [36]

In this study, crisis management in the UK
construction industry is explored especially focusing

on interpersonal communication networks under
conditions of crisis. SNA is used to analyse the

management of construction crises and concluded
that both quantitative and qualitative methods are

needed to understand complexity of people’s
changing social roles, positions and behaviours.

SNA, along with an adjacency matrix,
was used in a leisure centre project that

involved crisis management to analyse its
communication networks between

various stakeholders.

Liu et al. [37]

An SNA-based method is used to investigate
equipment movement between project sites and

equipment shops. The study proposed a novel index,
direct dispatch index, along with the coefficients of

SNA to measure the equipment dispatching
performance with the use of equipment logistics
data collected from the equipment and project
management system of a company in Alberta,
Canada. The study revealed that equipment

management could be enhanced through improved
decision-making.

Equipment movement data was collected
from an internal equipment management

system of construction contractor in
Alberta, Canada, between 2013 and 2016.



Buildings 2021, 11, 599 7 of 16

Table 2. Multiple case studies research design.

Studies in Various Industries

Study Description Features of Case Study Design

Parise [38]
It used three case studies to explore how SNA

contributes to knowledge management efforts related to
human resources professionals within organisations.

3 case studies were selected to observe the
relationships between actors within the

networks in these 3 different organisations.
Questionnaires with follow up interviews

have been conducted to collect data.

Helms [39]
Knowledge Network Analysis is a novel technique

which was introduced and explored using case studies
to identify the bottlenecks of the technique.

Data were collected from 3 social networks in
3 different offices in the Netherlands using a

questionnaire.

Cross et al. [40]

Multiple case studies were considered to observe how
organisations could support work occurring in informal

networks of employees. In this study, the data were
collected from 40 informal networks from 23
organisations. It was revealed that informal

relationships among employees provide more reflection
of the way work happens in an organisation rather than
relationships established by the organisational hierarchy.

40 informal networks from 23 different
organisations were considered for data

collection, which was conducted in the form
of questionnaire and interviews.

Studies in Construction

Study Description Features of Case Study Design

Pryke et al. [41] Resource provision ego-networks are investigated
structurally in this study using social network analysis.

The ego-centred personal networks of 6 small
construction business owners in Greece were

interveiwed.

Schröpfer et al. [42] This study examines knowledge transfer practices in
sustainable construction projects using SNA.

Questionnaires were distributed among
workers in 5 construction projects that

delivered sustainable office buildings in
Germany and the UK. The network sizes

were 125, 39, 38, 50, and 35.

Alsamadani et al. [43]

Safety communication between parties in small
construction crews was explored using SNA to identify

communication patterns in effective and ineffective
safety netowrks.

9 small crews where their network sizes
varied between 5 and 12, working in building

construction projects in Denver, USA,
contributed to the study through

questionnaires and follow up interviews.

According to the features of case study research designs reported in the third column
of the tables, the number of networks studied within a single case or multiple cases varied
and also the size of the network, where some networks were as large as 125 members, and
some were less than 12 members. It was seen that the studies with smaller network sizes
led to in-depth investigations and analysis, whereas others were leading to generalisation.
While most studies used questionnaires to collect data within the case study networks,
some relied on follow-up interviews.

Two other studies deviated from a case study approach and used other research
designs such as survey strategy, expert interviews, and meta-analysis. For example, Chung
and Hossain [44] used cluster sampling and a survey strategy to collect data, where
questionnaires collected from 110 general practititioners in 15 rural divisions in NSW were
considered to evaluate their ego-centric networks. Gan et al. [45] explored the effectiveness
of stakeholder collaboration for Off-Site Construction (OSC) using 13 expert interviews
to identify barriers affecting the OSC adoption followed by a survey strategy to collect
data from 39 respondents, which were analysed using adjacency matrix. However, the
type of data that was required to be collected in these two studies were either related to a
cluster or involved the need for expertise knowledge. Hence, these were special occasions,
where it was a requirement in these studies to adopt such an approach. On the other hand,
research approaches such as experiments and action research have not been used for SNA
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related studies. Hence, it can be emphasised that the common research approach used in
SNA-related studies was case studies.

4.1.2. Use of SNA Measures

The short-listed studies through the systematic review had used various SNA mea-
sures such as density, tie strength, degree centrality, closeness centrality, and betweenness
centrality (see Section 2 for description of each term) when interpreting the network rela-
tionships (see Table 3).

Table 3. Summary of SNA measures used by various studies.

References

SNA Measures
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Almahmoud and Doloi [34] X

Alsamadani et al. [43] X X X

Capece and Costa [32] X X

Chung et al. [46] X X X

Gan et al. [45] X X X

Helms [39] X X

Kim et al. [7] X X X X

Lin [33] X X X

Liu et al. [37] X X X X

Loosemore [36] X X X

Parise [38] X X X

Pryke et al. [41] X X

Schröpfer et al. [42] X X X X

Wang et al. [35] X X X X

According to Table 3, the SNA measures, degree centrality, closeness centrality, be-
tweenness centrality, and density, were used in most of the studies. Some studies had used
tie strength, eigenvector centrality, and clusters, among others, depending on the require-
ments of the study. Selecting SNA measures for the studies can vary based on the depth of
analysis and the expected outcomes of the study. Therefore, it is difficult to derive patterns
on SNA measures and presentation modes for future research. However, it is noticed that
in most of the studies, SNA measures such as degree centrality and betweenness centrality
are quite popular among others.

4.1.3. SNA Network Presentation

The results of the studies that used SNA in KM have been presented in various modes
as demonstrated in Figure 3.
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According to Figure 3, the results have been presented using several modes such as
sociograms, tables, graphs, and adjacency matrix in various studies. A sociograms provides
a visual representation of the relationships between actors. Similarly, the tables and graphs
represent the various values achieved for various SNA measures such as degree centrality,
closeness centrality, betweenness centrality and so forth. These values have been compared
against various networks within the same case study or against various case studies to
derive conclusions. According to Figure 3, though sociograms and tables are quite common
in most studies, graphs have been used in a few studies. It was noted that adjacency matrix
has been used in two studies. An adjacency matrix connects a matrix to a graph, which
provides a numerical representation of relational data within a network or graph [36].
Similar to SNA measures, selecting a mode to present results of a study, depends on the
type of data that is collected and analysed, the richness and clarity of data among others.

4.2. Discussion on Findings

A qualitative analysis was carried out on existing literature along with thematic
analysis to explore the current trends and extensions of SNA for KM-related research (see
Section 4.2.1) and identify research gaps and future research directions for using SNA for
KM in construction (see Section 4.2.2). Below sub-sections present and discuss the key
findings along with pattern-matching to literature from other contexts as appropriate when
proposing future directions for identified gaps.

4.2.1. Trends and Extensions of SNA in KM Research

Various researchers have developed models or frameworks based on the use of SNA
for KM-related research. Some studies have integrated various concepts or methodologies
with SNA to improve KM practices. Figure 4 demonstrates the concept map that was
developed to illustrate trends and extensions of SNA for KM research, followed by the
subsequent discussions.

As depicted in Figure 4, knowledge brokering was an emerging concept in KM
research using SNA. A knowledge broker is an intermediary (an organisation/person)
that provides knowledge sources or knowledge to organisations within the network [47].
A knowledge brokering system, K-broker, has been introduced by Kim et al. [7], which
facilitates tacit knowledge transfer between knowledge seekers and knowledge experts
without a bottleneck or members’ overload excluding the intervention of a human knowl-
edge broker. A single case study of a financial company comprising of 10 members has
been used along with SNA to test and validate the functions of K-broker.
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To identify knowledge sharing barriers in knowledge networks, Helms and Buijs-
rogge [48] introduced the Knowledge Network Analysis (KNA) technique, which is an
extension to generic SNA measures, where properties such as knowledge velocity (speed
of movement of knowledge) and viscosity (richness of the knowledge transferred) are
incorporated. This was later developed to Knowledge Sharing Environmental Model
(KSEM) by Helms et al. [49]. A single case study consisting of 99 employees in 17 learning
networks was considered to validate the developed model, KSEM. The developed KSEM
graphs identified the bottlenecks in knowledge sharing, which were compared with the
SNA results to validate the findings of KSEM.

Knowledge brokering was further highlighted in the knowledge-sharing model de-
veloped by Bosua and Scheepers [50], which is named as, Bosua–Scheepers Model (BSM)
and borrows similar ideas of KSEM model. This model integrates formal and informal
social networks for knowledge sharing. BSM was validated using three case studies that
explored the effectiveness and efficiency of knowledge-sharing activities in workgroups. It
was revealed that a lack of facilitating mechanisms could lead to a multitude of knowledge-
sharing problems and highlighted the importance of knowledge brokers to avoid delays in
finding appropriate information from knowledge experts to knowledge seekers to enable
better knowledge management.

Some studies have looked at possibilities of introducing knowledge mapping. Yun
et al. [51] proposed a knowledge mapping model (K-mapping model) that includes criteria
to identify a suitable knowledge map considering various characteristics and conditions
related to personnel, processes and knowledge transfer technologies used by organisations.
This study has developed 4 types of K-mapping models based on the characteristics and
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conditions of construction personnel, construction processes, and knowledge transfer
technologies. Liebowitz [52] has integrated SNA with Analytic Hierarchy Process (AHP)
to develop interval measures for knowledge mapping purposes and it determines the
strengths of relationships between actors rather than ordinal numbers. However, scalability
might be an issue when using it for large social networks.

Some KM research using SNA extended with sustainability concepts. For example,
Almahmoud and Doloi [34] introduced the Social Sustainability Health Check (SSHC)
model, which is a dynamic model that considers sustainability and equity theories to
evaluate the contributions of construction projects in a social context. It checks how a
project performs and satisfies the needs of the stakeholders. SNA is used in this model to
understand and map the complex patterns of stakeholders’ positions and their relation-
ships with each other. The SSHC model was validated using the data collected from 20
stakeholders involved in a farmer’s market development, which was evaluated using SNA.

The conceptual framework developed by Wang et al. [35] could improve social sus-
tainability in construction, which could be advanced through use of SNA. The conceptual
framework assists in diagnosing social sustainability of internal stakeholders using SNA
measures. The framework has been developed based on project-based organisations;
however, it could be generalised for a broader context related to construction management.

Chinowsky et al. [31] introduced a social network model for construction, which em-
phasises team development and knowledge exchange to produce construction projects with
high performance. This model includes both mechanics (knowledge exchange) and dynam-
ics (social collaboration within the project team to motivate exchanging items/mechanics).
A case study consisting of 35 individuals was used to evaluate the features identified in
the model.

Another team model using SNA in KM research is from Yuan et al. [53]. It is a social
risk network analysis that works by evaluating the inter-relationships between stakehold-
ers and risks. A case study comprising 66 social risk cases in China was considered in
the study. SNA was used to evaluate the social risk factors in detail. The study identified
a further research direction to identify the cause-and-effect and nonlinear relationships
between different risk factors and stakeholders by using simulation methods.

Barão et al. [5] has used an ontological-based KM tool to capture real-world entities,
events, and relationships. It further explores KM and engineering prospectives for predic-
tive analysis related to organisational learning networks within the workplace. There are
a few studies that have explored the use of various concepts such as partnering along with
SNA to improve construction practices. A study conducted by Akgul et al. [54] analysed the
relationship between construction organisations/stakeholders that have partnered with
an international organisation using SNA which revealed the nature of strong and weak
relationships. SNA can be used for Big Data Analytics to improve the interactions and
characterize the network through degree centrality, clustering coefficient, and the like [55].
Similarly, Bilal et al. [56] stated that SNA integrated with Building Information Modelling
(BIM) and Big Data can improve project management through social data integration.

In summary, these studies explored the use of SNA with different KM concepts, some-
times extending to team, organisational, social, and sustainability perspectives. Further
research directions using SNA for KM to resolve issues in the construction industry have
been discussed in detail in the following section.

4.2.2. Research Gaps and Future Research Directions

Building on the above review, the research gaps and future directions related to
construction have been identified in Figure 5 and discussed below.
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Most of the current research has been focused on the impact of internal stakeholders
for improving knowledge transfer and other KM-related aspects. The focus on the effects of
external stakeholder networks on project delivery or outcomes is comparatively less [57].
The external stakeholders may not have a contractual relationship with the client. However,
similar to the strong connections maintained between internal stakeholders, it is important
to maintain a good relationship with external stakeholders to deliver a project within the
expected time, cost, and quality parameters. According to Nunes et al. [58], lack of efficient
models to manage collaboration is one of the major constraints organisations face in internal
and external collaboration initiatives. On the other hand, it is believed that trust between
internal and external stakeholders within the social network in the agricultural sector
could be strengthened through collaboration [59]. Several studies have explored internal
stakeholder relationships [60,61] or external stakeholder relationships [62] separately. There
is scope for further research to explore the relationship patterns between internal and
external stakeholders using a multiple case study approach with emerging relational and
collaborative procurement patterns. In particular, the impact of collaborative long-term
relationships towards effective and efficient project delivery could be explored using SNA.
According to Pryke [63], performance incentives could contribute to productivity and
project performance. This is another area that could be explored along with collaborative
long-term relationships between construction stakeholders with the use of case studies
along with SNA. The success of collaborative long-term relationships could be assessed
using SNA to explore whether strong ties have an impact towards long-term relationships.

The construction industry is known for its fragmented nature, the unique nature of
construction projects, and lengthy supply chains. The involvement of many stakehold-
ers and lengthy supply chains could have a negative impact on communications and
knowledge sharing within construction projects. Therefore, each project needs to have a
well-defined communication protocol developed and implemented to avoid such issues.
Communication protocols refer to the accepted method of generating, storing, processing,
and communicating information among stakeholders [64]. SNA could be used effectively
to develop a generic communication protocol that could be used by any construction
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project with minor additions/omissions as per the requirements of the project. Improved
communication assists in filling the gaps in construction supply chains and creating smooth
process flows. SNA assists in identifying the strong and weak ties between stakeholders
along with any influencers within a network that leads to developing an effective commu-
nication protocol. A multiple case study approach could be used to test and validate the
communication protocol.

Hewa Welege et al. [17] identified that due to capabilities of SNA, there is tendency
to apply SNA techniques and tools towards enhancing sustainability. SNA could be used
to explore the relationships within construction teams to identify influencers that could
promote sustainable practices among the team members. The SSHC model introduced
by Chinowsky et al. [31] has considered sustainability and equity concepts to evaluate
the performance of construction projects. It could be used by any construction stake-
holder or project to explore the relationships between stakeholders. A more detailed
generic model could be developed as a further research direction to cover any construction
project, including pre-construction, construction, and post-construction stages, considering
social, environment, and economic sustainability and aiming to connect construction
stakeholders to create a circular economy. The importance of stakeholder collaboration
in construction supply chains to create a circular economy was identified in recent re-
search [65], which could be extended using SNA to create knowledge sharing networks
between stakeholders. SNA assists in exploring relationships between network members
to identify the prominent stakeholders and take necessary steps for collaboration and
establish improvements towards circular economy.

Exploring current research trends, use of SNA in KM has been expanded into vari-
ous areas such as knowledge brokering, knowledge mapping, and knowledge sharing.
With the formal and informal relationships that exist between various stakeholders in con-
struction projects, it is possible to identify knowledge brokering services for effective and
efficient KM in construction. Further, KNA could be used to identify the knowledge-sharing
barriers in knowledge networks within construction organisations as well as projects. Many
studies have used SNA to explore the relationship between construction stakeholders and
project crews. However, SNA along with AHP could provide stronger and more accurate
results that could be used to derive better conclusions. The ontological approach introduced
by Barão et al. [5] could be used in the construction industry to observe the nature of reality
in construction by observing the entities, events, and relationships within networks. Using
SNA, future research could expand to explore more dimensions such as project success,
health and safety, quality assurance, and payment management in construction settings.

5. Conclusions

This paper was aimed at reviewing existing literature to identify the current trends
and future research directions related to using SNA for KM in construction. A system-
atic literature review and thematic analysis considering the themes, KM-SNA research
approaches, and extension of SNA in KM were carried out to identify the potential areas
of research and to answer the research questions set out for this study. In terms of the
first RQ, the main research approaches that were used to explore SNA for KM are case
study research as reported in Section 4.1. The answers to the second RQ on current trends
for using SNA in construction were mapped in Figure 4 and discussed in Section 4.2.1.
The third RQ on the research gaps related to using SNA for KM in construction were
summarised in Figure 5 and discussed in Section 4.2.2. The key contributions from this
research are found in the answers to the above three RQs, which propose potential research
areas for using SNA for KM in construction.

As per the key findings, most of the current research has been focused on internal
stakeholders and their relationships to improve knowledge transfer and KM in construc-
tion. However, external stakeholders have a significant impact on construction projects.
Therefore, a knowledge gap on the importance of external stakeholder networks using SNA
to connect key stakeholders to achieve circular economy in the construction industry exists



Buildings 2021, 11, 599 14 of 16

and should be explored. Similarly, with growing collaborative practices in construction,
the impact of collaborations on project delivery and knowledge transfer could be explored
using SNA, which could lead to the creation of a communication protocol for a construc-
tion project and its supply chain, using multiple case studies. Research also found future
research scope in expanding KM models on knowledge brokering, knowledge mapping,
and knowledge sharing areas by using SNA for construction, which can be identified as
a key implication for future research that contributes to an existing body of knowledge
and brings novelty. Furthermore, specific implications for industry practice can be listed
as follows:

• Construction organisations could consider using SNA as a tool to identify and strengthen
knowledge sharing networks

• Construction project managers could use SNA as a tool to identify, classify, and
prioritise key stakeholders and enhance their knowledge sharing and communica-
tion processes

• Professional bodies and relevant organisations could consider use of SNA as a tool to
create industry-wide knowledge management networks

• Government and other policy makers could encourage the industry to use SNA and
knowledge management networks towards circular economy in construction

There were several methodological limitations in this study. When considering Scopus,
Web of Science, and Google Scholar databases, there were duplications. A manual screening
process was followed to resolve this issue. Adopting a qualitative analysis method brought
in biasness; however, its impact could be significantly reduced through constant pattern-
matching with previous literature.

The identified research gaps and future research directions demonstrated in Figure 5
would be beneficial for stakeholders and academics in resolving the current issues related
to the use of SNA for KM in construction. The identified areas of research are the future
trends to be explored and adopted by the industry to improve KM in construction.
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