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A B S T R A C T   

Blockchain technology (BT) can execute transactions verifiable and permanently, which can help foster the idea 
of embracing sustainability pillars within industries. Therefore, BT holds considerable promise for the industrial 
and service sectors; however, its implementation during the procurement stage in a sustainable construction 
project (SCP) is a bottleneck because of inherent and unknown barriers. Though some attempts on the identi-
fication of these barriers have been carried out, the literature lacks a thorough investigation into the relation-
ships and inner dependencies among the related barriers within the realm of SCP. Thus, a novel combination of 
fuzzy decision-making trial and evaluation laboratory (fuzzy DEMATEL) and social network analysis (FDSNA) is 
proposed in this paper to fill this gap; FDSNA uncovers causal relationships among leading barriers that impede 
the adoption of BT within an SCP, and it determines the most critical barriers by modeling their complex in-
terrelationships in related intricate environments. The obtained results suggest “inadequacies in implementing 
block chain-based policies” and “unawareness and resistance to BT among customers” as the most significant 
barriers, and “technology immaturity,” “market uncertainty and competition,” and “technology accessibility” are 
identified as the most critical. These results present managers and governmental bodies with an inclusive picture 
regarding the major obstructions to the successful implementation of BT, and it is expected to open avenues to 
accrue benefits from such leading-edge technologies at a greater pace.   

1. Introduction 

The high consumption rate of natural resources in the construction 
industry has significantly impacted the environment (Sheng et al., 
2020); for example, 2–3 billion tons of construction waste are generated 
yearly. Further, in most countries, the construction industry contributes 
5–7% of the total gross domestic product and employs at least 7% of its 
workforce (Shojaei et al., 2021). The construction industry thus has both 
economic and social dimensions; therefore, it is closely linked to the 
three main pillars of sustainability: society, economy, and environment 
(Bartocci et al., 2017; Beatriz et al., 2018). 

Thus far, sustainability has been extensively studied from diverse 
perspectives regarding the construction industry (Piccarozzi et al., 
2022). However, there are several challenges with creating sustainable 

building projects: managing a substantial amount of data; coordinating 
projects from various disciplines, such as architecture, structural engi-
neering, and mechanical engineering; and ensuring effective commu-
nication between several different professionals (Gupta et al., 2021; 
Yuan et al., 2021). Distributed ledger technology (DLT) is a reasonable 
approach to overcoming such challenges. 

The construction industry contributes over 10% of the national 
revenue and plays a pivotal role in economic development; therefore, 
there is a need for this industry to adapt innovative concepts and tech-
niques (Queiroz et al., 2022). However, recent technological in-
novations and trends pose challenges to the construction industry 
because they decrease efficiency, effectiveness, and productivity in the 
procurement process (Raj and Jeyaraj, 2022). Past studies have explored 
the potential of Industry 4.0 technologies, such as the Internet of Things, 
Big Data, and Artificial Intelligence, to enhance sustainability in various 
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industries (Abdul et al., 2023; Beatriz et al., 2018; Yavuz et al., 2023). 
Research has shown that these technologies can improve resource effi-
ciency, reduce waste and emissions, and support the transition to a 
circular economy (El Baz et al., 2022; Yavuz et al., 2023). However, 
there is also a need for caution, as some studies have raised concerns 
about the potential negative impacts of these technologies, such as the 
creation of e-waste and the unequal distribution of benefits (Bai et al., 
2020; Bildirici, 2023). Overall, it is essential to consider both the op-
portunities and challenges of Industry 4.0 technologies for sustainability 
to ensure that they are deployed responsibly and equitably (El Baz et al., 
2022; L. Yang et al., 2023). 

Blockchain technology (BT) has surpassed transmission control 
protocol/Internet protocol and the Internet as a disruptive innovation. 
This technology is sometimes referred to as DLT, which uses distributed 
digital ledgers (Su et al., 2023). Satoshi Nakamoto, an anonymous in-
dividual, or group of people, introduced Bitcoin, the first decentralized 
digital currency in the world, in 2008 (Kochupillai et al., 2021). Since 
the start of 2022, users have mined almost 16,911,700 blockchains, 
having completed an average of 154,167 transactions daily; the market 
capitalization is estimated to be US$ 326.525 billion (Dey and Shek-
hawat, 2021). However, cryptocurrencies are among the many areas 
where blockchains can be used; the other areas include the e-govern-
ment sector, online business (Expedia), e-commerce (Ever ledger), 
shipping (Maersk), connected transportation (Cyberczar), and auditable 
supply chains (Johnsonville and Maple Leaf Foods) (Zeyu Wang et al., 
2023). Previously, SAP Labs released a blockchain-as-a-service offering 
for enterprises that would enable business applications on the block-
chain (Muzumdar et al., 2022). 

As a future database technology, blockchain is open, digital, and 
peer-to-peer in that every node maintains the integrity and authenticity 
of the ledger; this makes BT ideal for auditing and accounting operations 
(Abdelmegid et al., 2020). Further, BT has been applied in many other 
fields, such as the Internet of Things, transportation, and supply chain 
management, where it has displayed great potential (Vadgama and 
Tasca, 2021). In an enterprise, internal control includes all plans, pro-
cedures, and methods required to implement restrictions and adjust-
ments within the unit to ensure effective operation, obtain and utilize 
resources efficiently, and achieve the established management goal 
(Kouhizadeh et al., 2021). In BT, transactions are recorded and main-
tained in an unaltered publicly shared ledger (J. Li et al., 2019); each 
connected node stores a copy of the records/transactions whenever 
records/transactions are executed on the concerned system (Parn and 
Edwards, 2019). Therefore, no single stakeholder owns the system, and 
all activities executed within the system are auditable (Perera et al., 
2020). Such a system can guarantee trust in today’s business. These 
algorithms allow for the complete validation and authorization of 
transactions in a blockchain-based network (Hu et al., 2021). In addition 

to the proof of work, practical Byzantine fault tolerance, proof of stake, 
and proof of capacity, there are also algorithms for the proof of elapsed 
time (Maslin et al., 2019). There is a continuous improvement to BT 
given the aggressive research; therefore, it is worth studying if it can be 
applied to enterprise internal controls. 

According to the literature, a construction organization is not more 
sustainable than procurement. Across industries, sustainability perfor-
mance outcomes are influenced by agents in procurement, such as 
suppliers and subcontractors (Ershadi et al., 2021). In construction 
procurement (CP), every decision that involves parties can impact the 
achievement of the sustainability objectives (Y. Wang et al., 2021). 
Thus, sustainability can be achieved via effective cooperation and a 
mutual understanding of sustainability principles (Bartocci et al., 2017; 
Piccarozzi et al., 2022). 

Blockchain-based procurement management (BPM) integrates the 
fundamentals of corporate social responsibility into procurement de-
cisions for construction projects to achieve this objective (Ershadi et al., 
2021). As part of BPM, organizations generate value for their businesses 
and the entire industry by efficiently supplying their requirements 
(Loosemore et al., 2021). Thus, businesses can boost operational pro-
ductivity, decrease costs, comply with sustainability regulations, mini-
mize waste, and align core business activities with sustainability 
objectives by implementing BPM (Dwivedi and Carvalho, 2022; 
Umbenhauer and Younger, 2018). Private and public sectors have 
different values and considerations, although BPM principles are uni-
versal and can be applied to all sectors, resulting in differences between 
their sustainable procurement approaches (R. Yang et al., 2020). 

Further, blockchain-based systems can eliminate the need for in-
termediaries between public and private institutions, which can signif-
icantly reduce transaction costs by a significant margin (Tezel et al., 
2020). Players on blockchain-based systems must trust each other’s 
computer codes that are full proof (Kim et al., 2020). In CP, blockchain 
enables traceability, whereas smart contracts facilitate construction 
businesses smoothly (Zhaojing Wang et al., 2020). In addition, the 
blockchain-based system promotes sustainability in the procurement 
process by tracking conformance for each activity (Hultgren and Pajala, 
2018). Although BT can significantly reform CP, its implementation 
remains in its infancy. 

Most earlier literature discussed the drivers, enablers, critical success 
factors, and practices of blockchain implementation (Xu et al., 2021). 
Although blockchain has numerous benefits, its implementation in 
procurement operations remains challenging; several barriers restrict its 
implementation. Therefore, blockchain in construction procurement 
(BCP) adoption must be analyzed to identify the significant obstructions 
(Sheng et al., 2020). Most previous studies emphasized the barriers to 
BCP adoption, but they did not examine how they affect adoption in 
emerging economies (Shojaei et al., 2021); only a few articles have 
evaluated BCP barriers. Thus, there exists a sufficient gap in the research 
about the BCP barriers. The process of identifying and ranking suitable 
measures for a BCP can be utilized for BCP adoption. The construction 
industry increasingly focuses on BT in technology-driven sectors to meet 
its growing demands and needs. Therefore, it is necessary to identify 
existing barriers to facilitate further adoption. Given this context, the 
following research questions are addressed in this study: 

RQ1: What is the cause-and-effect relationship among the identified 
barriers? 
RQ2: How can the complex interrelationships existing among the 
identified barriers be uncovered? 

In an effort to address the research questions put forward, a novel 
hybrid methodological approach based on the integration of fuzzy 
decision-making trial and evaluation laboratory (FDEMATEL) technique 
and social network analysis (SNA) (FDSNA, hereinafter) is proposed in 
this paper. An exhaustive list of relevant barriers is compiled through a 
comprehensive literature review in concert with interviews with 

Nomenclature 

BT Blockchain technology 
SCP Sustainable construction project 
F-DSNA Fuzzy DEMATEL social network analysis 
DLT Distributed ledger technology 
BPM Blockchain-based procurement management 
CP Construction procurement 
CPM Construction procurement management 
BCP Blockchain in construction procurement 
FDEMATEL Fuzzy decision-making trial and evaluation 

laboratory 
SNA Social network analysis 
BIM Building information modeling 
IPD Integrated project delivery system  
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experts. An inclusive causal relationship among the identified barriers is 
obtained, and the most critical barriers to such an implementation are 
identified using the proposed DSNA. The comprehensive picture 
attained in this study can assist the government, relevant policy-making 
bodies, organizations, and CP stakeholders in preparing a suitable 
strategy to adopt BT within a sustainable construction project (SCP). 

The rest of this paper is organized as follows. A review of the relevant 
literature is presented in Section 2. Section 3 discusses the data collec-
tion methods. The analysis and findings are presented in Section 4, and 
the managerial implications are discussed in Section 5. Finally, con-
clusions are provided in Section 6, in addition to the future research 
directions. 

2. Contextual background 

2.1. Overview of blockchain applications in construction 

In the construction industry, BT has been explored as a recent aca-
demic area of research. To this end, a systematic review was conducted 
on the intersection between BT and CP. An electronic search in the 
Scopus, Web of Science, and Pro-quest databases was conducted using 
search keywords, which led to the compilation of 99 publications. After 
reading the titles and abstracts of the papers, 30 articles were found to 
be directly relevant to blockchain adoption for CP. Most prominent 
blockchain applications include building information modeling (BIM) 
security, construction management, contract management, real estate, 
payment automation, and smart cities (Figueiredo et al., 2022a). How-
ever, these applications use BT not to achieve smart and sustainable 
cities but to coordinate and control urban services. As mentioned in 
Figueiredo et al.(2022a), six main areas under a built environment have 
hitherto benefitted from the utilization of BT: BIM security, construction 
management, contract management, real estate, payment automation, 
and smart city. 

One of the most recent studies worth reviewing was reported by 
Ciotta et al.(2021), and it focused on BT in the construction industry. 
Hunhevicz and Hall (2020) studied blockchain’s potential use in real 
estate, smart cities, and smart energy applications and other aspects of 
the architecture, engineering, and construction sectors. A total of 27 
relevant publications and book chapters were identified in (Espinoza 
Pérez et al.(2022) study from authors in 12 countries. These publications 
and book chapters are categorized using intensive analysis based on two 
criteria: integration with other digital technologies and digitization of 
work processes. One review study listed 13 papers that discuss BT and 
BIM technologies integrated under topics most widely discussed in the 
construction domain. Further, there is research on blockchain integra-
tion with IoT, radiofrequency identification, and sensors (eight publi-
cations) (Qi et al., 2023). In addition, digital technologies such as data 
management, supply chain management, smart contracts, and crypto-
currencies (economics). According to (Hamledari and Fischer (2021a), 
the building process includes automatic payments, contract execution 
(for instance, tendering), procurement of construction materials from 
the supply chain, data management, intellectual property rights, land 
registration during design, performance recordkeeping, land registra-
tion, and information management throughout the process. The re-
searchers have a wide range of options, and it is possible to add more 
work processes to this existing list. Yet, Pattini et al. (2020) reported that 
most papers presented only initiations of such processes, with only a few 
presenting proofs of concepts dealing with cryptocurrencies. Nakamoto 
first applied BT to cryptocurrencies in 2008, which is not surprising. 

Recently, Durdyev et al. (2022) and Apichart Boonpheng et al.(2020) 
addressed the issue of information management. In the early days of the 
blockchain, Pattini et al. (2020) suggested using technology for 
archiving operations and editing BIM models. Companies such as 
Bluebeam are currently implementing their approach (available at https: 
//www.bluebeam.com/) to enhance traceback processes for identifying 
intellectual property rights and responsibilities during the development 

phases. Wang et al.(2019) argued that blockchains are useful for 
developing notarization-related applications that allow faster document 
authentications. BT can store documents in a distributed ledger where 
documents can be created, deleted, and updated; further, their trace-
ability, immutability, and transparency can help ensure their authen-
ticity (Dal Mas et al., 2022). The contribution of Wang’s team, in this 
case, involves outlining the potential benefits associated with a 
blockchain-based document management approach; none of the poten-
tial applications are discussed, and neither are the implications or 
channels for integrating BIM-based information management. 

Werner et al. (2021) discuss a method based on blockchains to 
manage information quality during the construction phase; providing 
reliable and secure information is a key part of their aim to identify the 
party responsible for meeting the standards. Although this team offers a 
solution based on the hyper-ledger fabric architecture (Stanley 
Benjamin Smith, 2015), the construction is still in its infancy with the 
implementation of BT. They have been unable to guarantee that fraud-
ulent data will not be uploaded, which means they must find a way to 
overcome two fundamental assumptions: users will accept blockchains 
for managing information quality, and that data on the chain cannot be 
altered or manipulated. Shojaei et al.(2020) demonstrated that BT, BIM, 
the Internet of Things, and smart contracts could be integrated to pro-
vide improvements. Further, researchers are exploring methods to 
integrate BT with the IoT and smart contracts in other fields; for 
example, Hamledari and Fischer (2021b) investigate how smart con-
tracts can improve shipment management efficiency. Moreover, re-
searchers are investigating how blockchain can be integrated into IoT 
access control and authentication ((Kumar et al., 2021) (Elghaish et al., 
2021). Harichandran et al. (2021) developed a framework to implement 
economic management in an integrated project delivery system (IPD). 
This framework allows IPD contracts to be integrated into core com-
ponents of project teams for automating all financial transactions (or 
automatic payments) associated with IPD projects (i.e., reimbursements, 
profit, and cost savings). Another study was conducted to investigate the 
interoperability of the proposed framework using 5D BIM. Nawari and 
Ravindran (2019b) argued that BT could be incorporated into 
BIM-based construction projects to automate the bidding and payment 
processes. 

Construction supply chain applications based on BT are still in their 
infancy (Vadgama and Tasca, 2021); live solutions can still offer little 
business value compared with other supply chains. According to Kou-
hizadeh et al. (2021), BT can be used to improve supply chain trace-
ability and information sharing in precast-construction supply chains. 
These fundamental steps in the supply chain for precast construction 
elements can be replaced with smart contracts (referred to as the chain 
code in the hyper ledger fabric). Unfortunately, this solution is not in-
tegrated with economic flows or implementation. 

BT and additive manufacturing are now used in a completely new 
manner. Das et al. (2021) described additive manufacturing in the cloud 
and used game theory models to establish the price of 3D-printed 
components. These systems generate estimates based on IoT sensors, 
which collect, update, and record information about the printing process 
based on on-chain data. 

2.2. Past studies conducted on blockchain applications in CPM 

Contracts are an essential part of construction, and digitalization’s 
role in construction is increasingly emphasized; further, changing how 
construction work is contracted out has now become a necessity (Badi 
et al., 2021). The construction industry can take advantage of digitalized 
contracts or automated contracts from other industries; such contracts 
are called smart contracts in the blockchain. In construction contracts, 
blockchain can help eliminate trust issues, especially in payments 
(Hamledari and Fischer, 2021c). 

Blockchain applications automate laws within construction contracts 
(Pattini et al., 2020). Sigalov et al. (2021) describe how contract 
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automation works as an event trigger, which allows digitalized contracts 
to be governed by a distributed ledger and programmed to process 
payments automatically based on predefined conditions and secure 
payment credentials (Anticona, 2020). The decentralized consensus in 
this tamper-proof smart contract system enforces the self-enforcing na-
ture of digital contracts (Ciotta et al., 2021). 

In the construction industry, the clients, contractors, subcontractors, 
and material suppliers are familiar with the construction payment is-
sues. A subcontractor is the most vulnerable among all listed construc-
tion stakeholders. The construction industry can eliminate issues 
associated with non-payments and late payments by adopting smart 
contracts, which can help reduce payment disputes between contractors 
and subcontractors. Further, smaller contractors can benefit from smart 
contracts based on immutable distributed ledgers, which can help 
improve their payment security and build trust among them (Sheng 
et al., 2020). As an alternative to smart contracts, appointment contracts 
can also be used to establish an appointment contract between a client 
and a project consultant (designer, cost engineer, or project manager); 
this can profoundly change the nature of legal contracts, and litigation 
can be replaced by prevention (Anticona, 2020). 

Although smart contracts provide many new opportunities for 
completing legal contracts in construction (S. Wang et al., 2019), public 
blockchains are incompatible with legal construction contract plat-
forms. This is because data privacy can be better protected from public 
disclosure with permissioned-blockchains, which allow developers to 
explicitly permit participants (Stanley Benjamin Smith, 2015). Despite 
the adoption of smart contracts in the construction industry, there are 
still many challenges. For example, the construction industry does not 
currently accept cryptocurrencies for payments. With further de-
velopments in BT, it will not be necessary to use cryptocurrencies for 
blockchain applications in construction contracts in the future. 

Traditional standard contract conditions must be simplified and 
compatible with smart contract coding demands to adopt smart con-
tracts in the construction industry (Leng et al., 2019). This process in-
volves interpreting and simplifying complex contract terms such as time 
extensions, payment claims, and retained damages; it can also involve 
simplifying clauses in contracts. Although smart contracts are used, they 
should ideally be combined with the standard contract form for binding 
contracts (Amoozad Mahdiraji et al., 2023). Construction disputes can 
be settled more efficiently in the case of smart contracts, and they are 
expected to serve as evidence for construction disputes. However, smart 
contracts are not a complete replacement for traditional construction 
contracts; they are an effective document enforcement system that re-
minds construction participants of their legal obligations (Leduc et al., 
2021). With smart contracts, construction stakeholders can achieve time 
and cost efficiency and minimize the need to engage professional law-
yers to resolve disputes. Thus, blockchain applications in construction 
contracts can significantly increase the level of trust between the con-
tracting parties. 

Smart contracts that automatically execute multiparty contracts on 
the blockchain can be used to implement tamper-proof purchasing 
contracts. In smart contracts, payments are released to the proper entity 
once they are assessed and executed. Multiple parties can be involved in 
a smart contract with fully incorporated end-to-end value and terms. 
Using programming logic, smart contracts can enable the disposition 
and execution of contractual agreements in the design and imple-
mentation of the blockchain (Haque et al., 2021). Further, smart con-
tracts are most commonly used in Ethereum, which is a decentralized 
platform. Smart contracts brought about the blockchain 2.0 era when 
automated computerized processes could execute contracts on the 
blockchain. As part of computerized transaction protocols, Anticona 
(2020) suggested that contractual terms should be incorporated into the 
software. Thus, contract clauses can be automatically executed using 
smart contracts, which can help save time and money without the 
assistance of trusted intermediaries such as lawyers or banks (Hellwig 
et al., 2020). In combination with blockchain capabilities, smart 

contracts facilitate automated and synchronized business processes. 
Users specify data structures, functions, and parameters to deploy 

their contracts on the blockchain. The contracts can be connected be-
tween stakeholders using Ethereum addresses and APIs (W. Li et al., 
2021). Diakiv (2021) proposed a blockchain-based digital certificate. A 
smart electronic contract was developed to trace supply chain products 
by Das et al.(2021). Hunhevicz et al. (2022) proposed a smart contract 
with escrow-based payments for digital products to address buyer and 
supplier transaction issues. Balci and Surucu-Balci (2021) described a 
system of electronic payments for vaccine deliveries when cash is paid as 
part of an efficient vaccine shipment management system. According to 
Ciotta et al. (2021), smart contracts are designed to pay for construction 
contracts. The contract payments are made after construction is 
completed. Das et al. (2021) proposed tracking construction projects 
with drones and paying for them based on their completion. As a solu-
tion for vendor-managed inventory, (Hamledari and Fischer (2021b) 
proposed two payment options based on smart contracts. To the best of 
our knowledge, the literature reviewing barriers to implementing BCP 
did not address this issue. 

Thus, there is an urgent need to investigate barriers hampering such 
BT implementation to promote the adoption of BT during the procure-
ment stage within the respective sectors. Once such barriers have been 
studied, the potential implementation of such leading-edge technologies 
is expected to become feasible. There is a lack of research that focuses on 
these issues. 

2.3. Point of departure 

Researchers have conceptually discussed the potential uses of BT 
within the SCP; however, no systematic effort has been invested in 
analyzing the significance of the relevant barriers by unravelling their 
intricate relationships. Hence, the research gaps addressed in this study 
together with the corresponding objectives are elaborated as below:  

(1) The causal relationships among the identified barriers have not 
yet been touched on in the literature. To tackle this, this study 
employs the FDEMATEL technique using the perspectives of 
qualified experts.  

(2) The inherent interrelationships in such a complex environment 
hitherto have not received attention in the body of relevant 
literature; thus, SNA is used to determine critical barriers for 
improving decision-making in the concerned area. 

3. Research method 

The overall research methodology takes place in three phases, 
explained in detail in Fig. 1 in the following sections. 

3.1. Phase 1: identification of barriers 

As shown in Fig. 1, the study included a systematic literature review 
and structured interviews with experienced connoisseurs. An extensive 
literature review is imperative for determining the barriers to block-
chain adoption in sustainable construction projects. According to 
Mohandes, Karasan et al. (Mohandes et al., 2022), a comprehensive 
literature review was conducted. A comprehensive combination of 
relevant keywords was outlined and subsequently used to search 
prominent databases. Afterward, the relevant papers were refined based 
on exclusion criteria. Following that, Tariq et al. (2021)utilized the 
snowballing technique to increase the relevance of the papers. To 
identify the relative barriers, each relevant, comprehensive paper was 
meticulously reviewed. A total of twenty-two barriers were identified at 
this phase, grouped into four major clusters. In a semi-structured 
interview with professionals and academics in the construction in-
dustry, 10 barriers are determined that should be included in the 
questionnaire. According to Kouhizadeh et al. (2021), the interviews 

A. Kumar Singh et al.                                                                                                                                                                                                                          



Journal of Cleaner Production 403 (2023) 136840

5

were conducted to contextualize the findings from the literature and 
determine whether the barriers in the literature are relevant to India. 
Table 1 shows the 22 barriers identified in Phase 1 as applicable to 
India”. 

3.2. Phase 2: data collection 

The selection of qualified experts to collect data is essential to 
applying the proposed framework. To this end, experts are shortlisted 
using the following two criteria (Mohandes et al., 2022): 1) Experience 
≥3 years, and 2) undergraduate degree related to building and con-
struction (e.g., civil engineering, project management, construction 
management, facility management, procurement management, building 
services engineering). A threshold is established to select the most 
qualified experts to minimize bias. The experts are graded based on their 
profiles using the Likert Scale (from one to five, where one denotes very 
low and 5, very high), and the corresponding scores are assigned. Once 
the weights for all experts are calculated, they are normalized within the 
range of 0–1 to determine the expert deemed the most knowledgeable. 
An expert is deemed qualified and included in the study if his/her weight 
exceeds 0.75. Experts with weights less than the specified threshold 
(0.75) are eliminated from the list. Table 2 illustrates the demographic 
information of the ten experts selected for the discussion. 

The experts belong to Tamil Nadu, which is one of the largest states 
located in South India (Venkatesh et al., 2017). The mild climate of 
Tamil Nadu makes it a suitable destination for people migrating to urban 
areas; this implies that there is a considerable need for housing con-
struction. Tamil Nadu was selected as the case study because of the large 
number of construction projects and facilities reported in this state 
(Muthukrishnan et al., 2020). The designed questionnaire survey was 
administered to the experts using email or face-to-face. The designed 

questionnaire includes two main sections; the first section was con-
cerned with the demographic information of the experts, while in the 
second section, they were asked to compare the barriers against each 
other by defining the impact of the one placed in the row as compared to 
the other one placed in the column using linguistic variables. 

3.3. Phase 3: analysis 

3.3.1. Fuzzy-DEMATEL 
DEMATEL is the most practical instrument for identifying cause-and- 

effect relationships among the obstacles at hand when examining 
Byzantine decisions (Tabatabaee et al., 2022). According to graph the-
ory, DEMATEL applies visualization to analyze and describe complex 
problems (Alam-tabriz et al., 2014); (Dou et al., 2014); (Feng and Ma, 
2020). With DEMATEL, we can observe interrelationships among 
different barriers and the influence of each barrier. DEMATEL is 
employed in this study to explore the interdependencies among the 
identified barriers to BT adoption. Therefore, triangular fuzzy numbers 
are adopted instead of crisp values to counteract their disadvantages in 
the analysis (W. W. Wu, 2012). Steps for successfully implementing the 
D-SNA method are briefly discussed below. 

Step 1. Develop a questionnaire. The questionnaire is designed using 
linguistic scales and fuzzy numbers, as indicated in Table 3. Each 
barrier is assessed in terms of its influence on other barriers. 
Step 2. The questionnaires are distributed among experts. The total 
number of experts, E, fill out the questionnaires based on the lan-
guage scales provided and return them. The experts have to express 
their opinion about merely direct influences to fill in the total n × (n – 
1) numbers of direct influences because the causes themselves have 
no direct influence on themselves. Cronbach’s alpha (α) is calculated 

Fig. 1. Research methodology.  
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Table 1 
List of identified barriers.  

Categories Barriers Code Source 

T- Technological 
context 

Challenges in 
cybersecurity 

Br1 (Sheng et al., 2020); (W.  
Li et al., 2021); (Haque 
et al., 2021); (Bag et al., 
2021); (Balci and 
Surucu-Balci, 2021); and 
two academic experts 

Technology accessibility Br2 (Haque et al., 2021); (W. 
W. Wu, 2012); ( 
Kouhizadeh et al., 
2021); (Galati, 2021); ( 
Nawari and Ravindran, 
2019a); (Badi et al., 
2021); and two 
academic experts 

Negative perceptions of 
technology 

Br3 (Kouhizadeh et al., 
2021); (Kumar et al., 
2021); (Badi et al., 
2021); two academic 
experts; and three 
industry experts 

Blockchain immutability 
challenge 

Br4 (Yaqoob et al., 2021); ( 
Das et al., 2021); (Das 
et al., 2020); (Košt’ál 
et al., 2019); (Martino 
et al., 2020); two 
academic experts; and 
three industry experts 

Technology immaturity Br5 (Tezel et al., 2020); ( 
Sanka et al., 2021); (W.  
Li et al., 2021); (Haque 
et al., 2021) (Hamledari 
and Fischer, 2021b); one 
academic expert; and 
two industry experts 

O-Organizational 
context 

Limited financial 
resources 

Br6 (Sanka et al., 2021); ( 
Bag et al., 2021); (Balci 
and Surucu-Balci, 2021); 
(Vadgama and Tasca, 
2021); two academic 
experts; and eight 
industry experts 

Inaction and lack of 
commitment by the 
management 

Br7 (Bag et al., 2021); (Pinto 
Lopes et al., 2021); ( 
Hamledari and Fischer, 
2021b); two academic 
experts; and one 
industry expert 

Inadequacies in 
implementing 
blockchain-based 
policies 

Br8 (Balci and Surucu-Balci, 
2021); (J. Li et al., 
2019); (Hughes et al., 
2019); (Sheng et al., 
2020); one academic 
expert; two industry 
experts 

Insufficient knowledge 
and expertise 

Br9 (Bag et al., 2021); ( 
Hellwig et al., 2020); (J.  
Li et al., 2019); ( 
Hunhevicz and Hall, 
2020); (Bag et al., 2021); 
two academic experts; 
and three industry 
experts 

Challenges in changing 
organizational culture 

Br10 (Ciotta et al., 2021); ( 
Sheng et al., 2020); (W.  
Li et al., 2021); (Haque 
et al., 2021); (Hamledari 
and Fischer, 2021b); two 
academic experts; and 
one industry experts 

Reluctance to adopt new 
systems 

Br11 (R. Yang et al., 2020); (J. 
Li et al., 2019); ( 
Espinoza Pérez et al., 
2022); (Das et al., 2020);  

Table 1 (continued ) 

Categories Barriers Code Source 

one academic expert; 
and two industry experts 

Absence of tools for CI 
implementation based 
on BT. 

Br12 (Kouhizadeh et al., 
2021); (Anticona, 2020); 
(R. Yang et al., 2020); ( 
Mason, 2017); two 
academic experts and 
two industry experts 

E− Environmental 
context (CI 
view) 

Unawareness and 
resistance to BT among 
customers 

Br13 (Parn and Edwards, 
2019); (CHO et al., 
2019); (Anticona, 2020); 
(Shojaei, 2019); ( 
Kouhizadeh et al., 
2021); (J. Li et al., 
2019); two academic 
experts; and three 
industry experts 

Collaborating, 
communicating, and 
coordinating are 
problematic in CI. 

Br14 (J. Li et al., 2019); ( 
Hunhevicz and Hall, 
2020); (Pattini et al., 
2020); (Tezel et al., 
2020); (Lee et al., 2021); 
(Tao et al., 2021); ( 
Nawari and Ravindran, 
2019b); and one 
industry expert 

CI partners face 
challenges in sharing 
information. 

Br15 (Ciotta et al., 2021); ( 
Sheng et al., 2020); (W.  
Li et al., 2021); ( 
Hamledari and Fischer, 
2021b); (R. Yang et al., 
2020); (Park et al., 
2020); two academic 
experts; and two 
industry experts 

Implementing BT and 
sustainable practices 
through CI 

Br16 (Ciotta et al., 2021); (Y.  
Wang et al., 2021); (J. Li 
et al., 2019); (Hamledari 
and Fischer, 2021a); ( 
Hunhevicz and Hall, 
2020); (Sigalov et al., 
2021); two academic 
experts; and three 
industry experts 

Differences between 
cultures of CI partners 

Br17 * 

M- Market 
Barriers 

Inadequate government 
policy 

Br18 (Ershadi et al., 2021); ( 
Mishra and Maheshwari, 
2021); (J. Li et al., 
2019); (Hughes et al., 
2019); and two industry 
experts 

Market uncertainty and 
competition 

Br19 (Galati, 2021); (Uriarte 
et al., 2021); (Xu et al., 
2021); (W. Li et al., 
2021); (Espinoza Pérez 
et al., 2022); and three 
industry experts 

Lack of external 
stakeholder involvement 

Br20 (W. Li et al., 2021); ( 
Balci and Surucu-Balci, 
2021); (Espinoza Pérez 
et al., 2022); (Lee et al., 
2021); (Cheng et al., 
2021); (Hijazi et al., 
2021); and two 
academic experts 

Involvement of industry 
in blockchain adoption, 
ethics, and safety 

Br21 (Elghaish et al., 2021); ( 
Mackey et al., 2019); ( 
Triana Casallas et al., 
2020); (Tezel et al., 
2021); (Ciotta et al., 
2021); two academic 
editors; and four 
industry experts 

Lack of incentives and 
rewards 

Br22 (Penzes, 2018); (Hughes 
et al., 2019); ( 

(continued on next page) 
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to test the validity of the responses, as reported by (Kouhizadeh et al., 
2021); α > 0.7 ensures the reliability of the collected responses. 
Otherwise, the experts must refill the pertinent survey. The selected 
experts are provided with a fuzzy DMATEL-based survey. 
Step 3. Construct a direct-relation matrix. The following matrix 
shows how each expert relates directly to each barrier. 

D(e) =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

0 d(e)
12 ⋯ d(e)

1n

d(e)
21 0 ⋯ d(e)

2n

⋮ ⋮ ⋮ ⋮
d(e)

n1 d(e)
n2 ⋯ 0

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

e= 1, 2,⋯E (1)  

where d(e)
ij = (l(e)i.j ,m

(e)
i.j , u

(e)
ij ) And dij represents the degree to which bar-

rier i affects barrier j. 

Step 4. Establish a normalized direct-relation matrix. A normalized 
direct-relation fuzzy matrix represents each expert in each group. 

ND(e) =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

nd(e)
11 nd(e)

12 ⋯ nd(e)
1n

nd(e)
21 nd(e)

22 ⋯ nd(e)
2n

⋮ ⋮ ⋮ ⋮
nd(e)

n1 nd(e)
n1 ⋯ nd(e)

nn

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

(2)  

where nd(e)
ij =

de)
ij

max(⋅
∑n

j=1
u(e)

ij )1
≤ i ≤ n. 

Step 5. Aggregate the normalized matrices. All experts’ inputs are 
averaged to create a normalized direct-relation fuzzy matrix 

AND =

⎡

⎢
⎢
⎣

a11 a12 ⋯ a1n
a21 a22 ⋯ a2n
⋮ ⋮ ⋮ ⋮

an1 an2 ⋯ ann

⎤

⎥
⎥
⎦ (3)  

where aij =

⎛

⎜
⎝

(
∑E

e=1
nd(e)

ij ×WE)

E

⎞

⎟
⎠. Notably, WE represent the weight assigned 

to the experts involved in the study. 

Step 6. Calculate the total (direct–indirect) relationship matrix. 
Equation (4) calculates the total relationship matrix with all values 
being fuzzy. Microsoft Excel 2019 was used in this research to 
conduct all calculations using the functions “minverse” and “mmult.” 

T =

⎡

⎢
⎢
⎣

t11 t12 ⋯ t1n
t21 t22 ⋯ t2n
⋮ ⋮ ⋮ ⋮
tn1 tn2 ⋯ tnn

⎤

⎥
⎥
⎦=And × (I − And)

− 1 (4)  

where I denotes the identity matrix. 

Step 7. Defuzzify the total relation matrix. Use (5) and (6) to 
defuzzify the values of matrix T (Diabat and Govindan, 2011) to 
generate the total relation matrix with crisp values. 

DT =
(
dTij

)

n×n (5)  

dTij =
(
lijj + 4miij + uijj

) /
6 (6)   

Step 8. Eliminate minor effects based on the average values of the 
matrix DT. A threshold value * is set to isolate any negligible causal 
relationships (Wu et al., 2022b). After removing the minor in-
fluences, the correlation matrix (S) is expressed as 

S=
(
sij
)

n×n (7)  

(
sij
)

n×n =

{
dTij if dTij > α

0if dTij ≤ α (8)   

Step 9: Develop causal diagrams. Create a causal diagram using 

Di =
∑n

j=1
sij (9)  

Rj =
∑n

i=1
sij (10) 

The D-R values indicate the magnitude of the effect of each barrier on 
the other. A higher “D + R” value indicates a closer relationship for each 
barrier. 

Table 1 (continued ) 

Categories Barriers Code Source 

Kouhizadeh et al., 
2021); (Hunhevicz et al., 
2022); and four industry 
experts 

Note: * denotes that the respective barrier was identified in the pilot study. 

Table 2 
Demographic information of experts.  

Experts Degree Field of study Occupation Number of years of experience in construction projects Number of years of experience in procurement 

Exp 1 PhD Construction management Researcher From 7 to 10 From 3 to 6 
Exp 2 UG Civil Engineering Facility Manager More than 15 From 7 to 10 
Exp 3 PhD Construction management Researcher From 7 to 10 From 3 to 6 
Exp 4 UG Civil Engineering Facility Manager From 7 to 10 From 3 to 6 
Exp 5 PhD Construction management Researcher From 7 to 10 From 3 to 6 
Exp 6 PhD Project management Consultant More than 15 From 7 to 10 
Exp 7 UG Project management Consultant From 11 to 14 From 7 to 10 
Exp 8 PhD Construction management Researcher From 7 to 10 From 3 to 6 
Exp 9 UG Civil Engineering Facility Manager More than 15 From 11 to 14 
Exp 10 PG Project management Researcher From 3 to 6 From 3 to 6  

Table 3 
Expert semantic evaluation and the triangular fuzzy numbers.  

Linguistics assessment Corresponding score Triangular fuzzy numbers 

No influence 0 (0,0, 0.25) 
Very low influence 1 (0, 0.25, 0.5) 
Low influence 2 (0.25, 0.5, 0.75) 
High influence 3 (0.5, 0.75, 1) 
Very high influence 4 (0.75, 1, 1)  
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3.3.2. Social network analysis 
The SNA uses network and graph theory to study several types of 

social networks (Badi et al., 2021), which have different effects on the 
actors within them. Winship et al. (1996) reported that social networks 
include nodes and edges with predefined content (nodes and edges). The 
relationship between actors can be characterized as “directed” or “un-
directed” based on the edges. The SNA exposes sophisticated relation-
ships between nodes using several metrics. In this study, the SNA is used 
as follows: 

Step 1: Generate the Network Relation Map (NRM). This diagram 
effectively presents an insight into a complex system and simplifies it 
into manageable segments. The NRM is constructed by setting a 
threshold to minimize complexity and isolate key barriers. Conse-
quently, for the total-relation matrix, T, only negligible relationships 
larger than the threshold value need to be mapped to the graph. 
Either the average of all entries in the total relation matrix or expert 
opinions by Gölcük & Baykasoʇ;lu (2016) can be used to reach this 
threshold. All relationships between the main barriers were filtered 
when they were larger than the threshold. All barriers were imported 
into Gephi to examine and visualize the network along with their 
important links. 
Step 2. Analysis: A number of metrics are used to explore the 
complex interrelationships among key barriers:  
1) Network density: The network density is defined as the number 

of connections divided by the total number of connections. Den-
sity is measured in terms of the number of connections between 
key barriers, ranging from 0 (with no connections) to 1 (with all 
possible connections). Increasing the value of the motus results in 
a denser and more cohesive node network. Information flows 
more easily than when sparse if the network is dense. 

2) Modularity: Modules are defined as groups, clusters, or com-
munities with modularity as their measure of stability (Jalaei and 
Jrade, 2014). Community structures are detected using modu-
larity to optimize the network methods. There is a high degree of 
complexity between internal components and dense connections 
among key barriers in clusters with high modularity. A dense 
connectivity persists among key barriers in a network with high 
modularity. 

3) Nodal weighted degree: The degree of a barrier’s size is deter-
mined by the number of connections (edges) it has with others in 
the network that comprise the 22 identified key barriers. The 
weighted degree of a barrier can be determined by adding all the 
weights of the edges. In nodal-weighted degrees, incoming edges 
are weighed more heavily than the outgoing edges (the total 
weight of the inward edges). The weighted in-degree score is 
subtracted from the weighted out-degree score for calculating the 
net weighted degree. The weighted edges indicate the influence a 
barrier has on its neighbor; a barrier with a greater weight has the 
greatest impact compared to a barrier influenced by another 
barrier.  

4) Betweenness centrality: The betweenness centrality of a barrier 
is defined as the number of times it appears on the shortest path 
among the barriers. This indicator suggests which barriers func-
tion as “bridges” among the 22 key barriers in the network. As 
more information passes through a barrier with high betweenness 
centrality (assuming that information transfer follows the short-
est path), it has greater network control.  

5) Closeness centrality: The closeness centrality measures the 
relationship between barriers and the rest of the network. The 
average path length between all barriers in the entire network can 
be calculated using this measure. A central barrier is likely to be 
closer to all other barriers, and barriers with strong closeness 
centrality can quickly influence and communicate without going 
through various intermediaries.  

6) Eigenvector centrality: The eigenvector centrality of a barrier is 
determined by calculating the number of connections it has to 
other barriers within the network. In the eigen centrality analysis, 
barriers that interact with high-scoring barriers are assigned 
higher scores than barriers that do not interact with high-scoring 
barriers. 

4. Results 

4.1. Results of analyses 

Pairwise comparisons of the influence and direction of expert opin-
ions among the barriers were conducted to obtain an initial direct 
relationship matrix shown in Table A1. The average direct-relation 
matrix was calculated using (1) to combine the experts’ ratings shown 
in Table A2. Table A3 presents the total influence matrix for each factor, 
and this matrix represents the direct and indirect influence between 
barriers and is calculated using the normalized direct influence matrix 
using (2) and (3). Further, (7) and (8) are used to derive the relation and 
influence vectors. Table 4 lists the relation and influence vectors based 
on these 22 barriers; they are indicated by (r + c) and (r-c), respectively. 
Finally, Fig. 2 shows a causal diagram created using (r-c) and (r + c); this 
diagram organizes barriers based on cause and effect. 

In the last stage, the NRM is constructed based on important re-
lationships from the total influence matrix. A threshold of 0.136 based 
on the average matrix was set to filter important relationships. There-
fore, only relationships values greater than the threshold should be 
considered to construct the NRM (Table A4). 

Fig. 3 shows an initial NRM composed of 22 barriers 213 important 
links produced by Gephi connects. The barriers are indicated as nodes, 
and arrows indicate their influence interrelationships. The network- 
level metrics need to be calculated to obtain a clear insight into the 
network configuration quantitatively. The density of the network was 
0.461, according to the Gephi analysis; however, it indicates that the 
barrier network was semi-dense. The network diameter and average 
path length between nodes were 3 and 1.7, respectively; they indicate 
the longest and average of the shortest path for all conceivable pairs of 
network nodes respectively. These results suggest that barriers in the 
network map are close to each other. 

Modularity statistics are employed for recognizing barrier clusters 
within the NRM. The clusters are illustrated in Fig. 3; each color rep-
resents a community of clusters. Four clusters in the network were 
hindered by the use of BT by Indian construction companies. The purple 
cluster stands apart in Fig. 3, boasting the greatest concentration of 
connections at 31.82%. The green cluster trails close at 27.27%, while 
the orange and blue clusters lag far behind at 22.73% and 18.18%, 
respectively. Despite their differences, these four clusters are all intri-
cately connected, as indicated by the low modularity of 0.022, signaling 
strong communication between each cluster. 

The influence of each barrier on the entire NRM can be determined 
by detecting its significance based on the measurements of 1) 
betweenness centrality, 2) closeness centrality, 3) eigenvector central-
ity, and 4) weighted degree. Table 5 lists the closeness centrality, 
betweenness centrality, and eigenvector centrality scores, Fig. 4(a)–(d) 
show the barrier network maps for the four measures. Br13, Br8, and Br7 
have the highest closeness centrality scores, and thus, they have the 
shortest path to other barriers. Fig. 4(b) shows that the network is 
centralized around Br8, Br13, and Br7 because these barriers have the 
highest betweenness centrality scores, which implies that these barriers 
control the influences among the barriers. Table 6 and Fig. 4(c) indicate 
that Br8, Br13, and Br 21 had the highest eigenvector centrality scores 
because of their links with highly influential nodes; although Br21 did 
not affect the other barriers, it continues to influence the entire network 
map because Br21 has important connections and is affected by other 
barriers. Lastly, other barriers like Br2 have the lowest rank compared to 
the top 3 three barrier scores (Br8, Br13, and Br7) based on closeness 
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centrality, betweenness centrality, and eigenvector centrality 
measurements. 

Previous studies on SNA calculated the nodal degree as the sum of 
links to other nodes directly connected to the node (Dehdasht et al., 
2022); however, they did not calculate the nodal weighted degree, 
which indicates the weight of the factor’s influence on the whole 
network. FDSNA can overcome this limitation; DEMATEL calculates the 
weight of the barrier’s influence, which applies to the SNA approach in 
network analysis. Therefore, FDSNA not only computes the nodal degree 
but also calculates the nodal weight degree. 

Fig. 4 (d) presents the layout of barriers based on weighted nodal 
degrees (i.e., the sum of nodal weighted out-degree and weighted in- 
degree). The thickness of the arrows indicates the influence level of 
the interconnections among the barriers. Barriers with larger links, such 
as Br8, Br13, and Br1, are more central to the visualization; barriers with 
smaller connections are positioned outside. Table 6 presents other 
valuable information, such as the net weight degree and net degree. 
Despite the positive value of the net degree of Br1, it can be considered 
an effect factor because of the negative value of its net weight degree. As 
indicated in Table 6, Br5, Br2, and Br19 have the highest net weight 
degree, whereas Br5, Br2, and Br17 have the top three nodal degrees. 
This implies that a higher net nodal degree does not correspond to a 
higher net influence on other barriers; this indicates the priority of 
FDSNA compared with that of the SNA approach. 

SNA metrics and statistics can be used to recognize the key drivers. 
Barriers with larger SNA metrics scores (e.g., higher closeness and 
betweenness centrality, higher eigenvector centrality, and higher 
weighted degree) receive more consideration. Considering the outcomes 
of SNA metrics, a list of the top three barriers for 5 SNA indicators is 
presented in Table 7. Br8 and Br13 are the most important key barriers 
and have four times the frequency of the top three SNA metrics. 

4.2. Sensitivity analysis 

A sensitivity analysis was conducted to explore the robustness of the 
proposed NRM. The NRM was assumed to be sensitive to the removal of 
key barriers. We remove Br8 and Br13 as the main barriers and construct 
a new network with 20 nodes and 143 edges, as shown in Fig. 5. Three 
conclusions can be drawn when comparing this new network to the 
original network:  

(1) The new network is less complex, and its density decreases to 
0.376 compared to the initial density of 0.461.  

(2) The network diameter and average path length increase to 4 and 
1.774, respectively, as opposed to the initial network (3 and 1.7, 
respectively).  

(3) Removing Br8 and Br 13 affects the SNA metrics of the entire 
network (Table 8). 

Therefore, this new network is sensitive to several nodes. The 
outcome of the new network suggested that removing Br8 and Br13, 
which had the highest interrelationships with other barriers, led to 
decreased network complexity and increased difficulty in information 
sharing. The results illustrate that the proposed FDSNA is an effective 
and robust approach for visualizing the complex interrelations among 
barriers and identifying key barriers. 

4.3. Reliability and validity 

The reliability of the responses was assessed using several indices. 
The FDSNA results were tested for reliability using raw numbers pro-
vided by experts as per the recommendation of (Mohandes et al., 2022); 
linguistic variables provided by experts were replaced with raw numbers 
between 0 and 1. The consistency was determined if the calculated value 
for all experts’ responses exceeded 0.70. Otherwise, the experts were 
required to recollect their responses. Overall, all selected experts had an Ta
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average of 0.7479, which indicates that the results obtained were 
consistent. A CR greater than 0.1 was calculated for each pairwise 
comparison made by each expert to demonstrate the consistency of the 
results from the proposed DSNA. If CR were not greater than 0.1, a new 
survey would have to be completed by the respective expert. The sig-
nificant differences between the FDSNA results obtained by all experts 
were their average CR values, which exceeded the threshold value of 
0.093. 

Following the predictions of Mohandes and Zhang (2021), this study 
validated the construction engineering and management predictions 
using four types of validation. This study achieved good internal validity 
because competent experts were involved in identifying barriers, as 
suggested by Zhang and Mohandes (2020). Further, good face validity 
can also be attributed to the involvement of qualified experts throughout 
the research process. Four senior expert panelists conducted a pilot test 
of the survey questionnaires before collecting the required data. 
Therefore, this study demonstrated strong face validity. The objectives 
of the study were evaluated based on the framework provided. 

For external validation, several semi-structured interviews with 
qualified experts were conducted as explained in Section 3. Table 9 
presents the selected experts’ perspectives on validation. The results 

obtained in the main study and those of the validation study showed a 
reasonable degree of consistency; thus, it is possible to generalize the 
results to a broader scope. 

5. Discussion 

5.1. Findings 

Though the utilization of blockchain within the realm of building 
and construction has increased dramatically in recent years, there has 
been dearth of a study investigating the complex relationships among 
the related barriers. Thus, this study proposed a novel method called 
FDSNA to detect significant correlations among barriers and construct 
an NRM. The results revealed that the SNA approach not only verified 
the acquired results of DEMATEL but also provided additional infor-
mation to decision-makers and managers for accurately selecting critical 
barriers to successfully implementing BCP in Indian construction 

Fig. 2. Causal diagram for barriers.  

Fig. 3. Clusters of the 22 barriers.  

Table 5 
Ranking of barriers based on the betweenness, closeness, and eigenvector cen-
trality status.  

Barriers Closeness Rank Betweenness Rank Eigenvector Rank 

Br1 0.77778 5 20.1429 5 0.82973 5 
Br2 0.82973 7 0.9833 15 0.36365 18 
Br3 0.36365 11 20.2000 4 0.81777 6 
Br4 0.81777 17 0.0000 18 0.07979 22 
Br5 0.07979 6 1.0667 13 0.24675 20 
Br6 0.24675 19 1.4095 11 0.81777 7 
Br7 0.84000 3 29.8429 3 0.62586 11 
Br8 0.91304 2 66.9357 1 1.00000 1 
Br9 0.65625 12 0.7595 16 0.72058 9 
Br10 0.50000 18 0.2000 17 0.50875 14 
Br11 0.63636 13 5.5333 7 0.62024 12 
Br12 0.72414 9 1.0357 14 0.51937 13 
Br13 0.95455 1 41.9690 2 0.90532 2 
Br14 0.53846 15 2.4000 9 0.86560 4 
Br15 0.55263 14 1.3333 12 0.37113 17 
Br16 0.53846 16 1.7000 10 0.40452 16 
Br17 0.80769 4 5.1357 8 0.40687 15 
Br18 0.00000 20 0.0000 18 0.72058 10 
Br19 0.70000 10 0.0000 18 0.14919 21 
Br20 0.75000 8 6.3524 6 0.78143 8 
Br21 0.00000 20 0.0000 18 0.90194 3 
Br22 0.00000 20 0.0000 18 0.32192 19  
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projects. In fact, the novelty of this study is twofold; firstly, it is the first 
study of its kind that investigates the relationships and inner- 
dependencies among the identified barriers, and secondly, it develops 
a novel hybridization of a fuzzy-based MCDM technique with SNA for 
the first time in the body of literature. 

DEMATEL was used to assess the direct/indirect influential correla-
tion between barriers (Tables A3 and A4) and categorize the barriers as 
cause or effect factors (Fig. 4) to help managers in decision-making. The 
causal diagram depicts that Br8, Br13, and Br20 are the most significant 
barriers because they have the highest number of interactions with the 

other barriers; further, they are net cause barriers because of the high 
rate of D + R and positive value of D − R, respectively. Further, the re-
sults show that Br5, Br19, and Br2 are the most causal barriers because 
they have the highest positive value of D − R and mostly affect other 
barriers. This outcome indicates that experts in the Indian construction 
industry believe that it is necessary to first pay attention to “technology 
immaturity,” “market uncertainty and competition,” and “technology 
accessibility” for BCP adoption. The market is nascent, and a clear recipe 
for success is yet to emerge. Many companies do not see a return on 
investment because of unstructured experimentation with blockchain 

Fig. 4. NRM based on: (a) betweenness centrality, (b) closeness centrality, (c) weighted degree, and (d) eigenvector centrality status.  

Table 6 
Status of net weight degree.  

Label Weight degree Rank Weighted out-degree Net weight Rank Out-degree Degree Net Degree Rank 

Br1 5.5425 3 2.6432 − 0.2561 12 16 31 1 10 
Br2 3.5688 10 2.8148 2.0608 2 15 20 10 2 
Br3 4.5061 6 1.7405 − 1.0251 18 11 25 − 3 16 
Br4 0.4266 22 0.2836 0.1406 10 2 3 1 11 
Br5 3.192 12 2.7645 2.337 1 15 18 12 1 
Br6 2.9733 13 0.1448 − 2.6837 21 1 15 − 13 21 
Br7 4.7875 5 3.3317 1.8759 5 18 28 8 5 
Br8 7.1902 1 3.7198 0.2494 9 20 38 2 8 
Br9 3.918 8 1.7187 − 0.4806 15 11 23 − 1 13 
Br10 1.465 18 0.2842 − 0.8966 17 2 10 − 6 18 
Br11 2.8984 15 1.3044 − 0.2896 14 9 20 − 2 14 
Br12 3.8504 9 2.675 1.4996 6 14 22 6 6 
Br13 6.7377 2 3.9001 1.0625 7 21 36 6 7 
Br14 3.4448 11 0.7151 − 2.0146 19 5 19 − 9 19 
Br15 1.4639 19 0.7272 − 0.0095 11 5 10 0 12 
Br16 1.447 20 0.5875 − 0.272 13 4 10 − 2 15 
Br17 4.0278 7 3.0097 1.9916 4 17 24 10 3 
Br18 2.1933 17 0 − 2.1933 20 0 12 − 12 20 
Br19 2.5614 16 2.2855 2.0096 3 12 14 10 4 
Br20 5.206 4 2.8554 0.5048 8 15 28 2 9 
Br21 2.9014 14 0 − 2.9014 22 0 15 − 15 22 
Br22 0.7093 21 0 − 0.7093 16 0 5 − 5 17  
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solutions with no systematic evaluation of the value at stake or its 
feasibility. 

Given this context, how can companies determine whether block-
chain can be used for strategic purposes to justify major investments? 
Therefore, several functions of the blockchain must be utilized in the CP 
to improve trust, visibility, resource efficiency, and traceability. These 
functions remove some barriers to CP adoption. The current literature 
indicates that these blockchain technologies can be remedied by inte-
grating other enabling technologies such as IoT, BDA, and cloud 
computing (Götz et al., 2020) and (Košt’ál et al., 2019). Further, gov-
ernments have implemented oppressive policies toward Bitcoin, which 
has negatively affected the development of other blockchain-based so-
lutions (Niranjanamurthy et al., 2019). 

The most prominent issues in specific procurement challenges 
include procurement collaboration, communication, coordination, and 
the integration of CP with BT. A collaborative ecosystem can be devel-
oped for technological advancement to overcome these obstacles (Ben-
zidia et al., 2021). For successful blockchain adoption, finding the right 
collaborators to develop effective governance structures (Liu et al., 
2022). Therefore, clear disclosure policies are required to protect sen-
sitive and proprietary information. Instead of sharing information about 
poor or critical sustainability practices in the initial stages, less sensitive 
information about good sustainability practices will be beneficial for 
enhancing adoption (Shou and Domenech, 2022). Sharing and collab-
orating information on environmental and social practices, continuous 
improvement, and developmental information can be considered 
another approach (Khan et al., 2022). A positive experience from CP 
information-sharing using blockchain can help bring competitive ad-
vantages to more companies through positive practices and 
collaborations. 

An NRM was constructed using SNA based on the recognized influ-
ential correlations among the barriers (Table A4) to reveal the complex 
relationships between barriers. Different SNA metrics were used to 
analyze the NRM; the results reveal the following remarkable 
information:  

1) The four identified barrier clusters showed strong relationships that 
facilitated the flow of information in the network. Thus, treating any 
barrier can rapidly affect the entire NRM. Therefore, selecting a 
specific barrier and solving it to successfully employ BT within In-
dian construction companies without considering its relationship 
with other barriers cannot guarantee the desired results.  

2) Barriers such as “inadequacies in implementing blockchain-based 
policies,” “unawareness and resistance to BT among customers,” 
and “inaction and lack of commitment by the management,” with the 
highest betweenness centrality scores, are pivotal to the flow of 
communication and information in the network. However, these 
barriers have the highest closeness centrality scores. Thus, under-
standing the factors with the highest closeness centrality is crucial 
because they play a key role in speeding up the necessary informa-
tion to have on-time competitive information (Xu et al., 2021). Thus, 
the three barriers mentioned above are crucial in rapidly tackling the 
entire barrier network.  

3) Although barriers such as “Inadequacies in implementing 
blockchain-based policies,” “Unawareness and resistance to BT 
among customers,” and “Challenges in Cybersecurity” with the 

Table 7 
Key barriers to employing BT in Indian construction companies.  

Barrier 
ID 

Key barriers SNA indicator 

Br8 Inadequacies in implementing blockchain-based 
policies 

Betweenness 
centrality 

Br13 Unawareness and resistance to BT among 
customers 

Betweenness 
centrality 

Br7 Inaction and lack of commitment by the 
management 

Betweenness 
centrality 

Br13 Unawareness and resistance to BT among 
customers 

Closeness centrality 

Br8 Inadequacies in implementing blockchain-based 
policies 

Closeness centrality 

Br7 Inaction and lack of commitment by the 
management 

Closeness centrality 

Br8 Inadequacies in implementing blockchain-based 
policies 

Eigenvector 
centrality 

Br13 Unawareness and resistance to BT among 
customers 

Eigenvector 
centrality 

Br21 Involvement of industry in blockchain adoption, 
ethics, and safety 

Eigenvector 
centrality 

Br8 Inadequacies in implementing blockchain-based 
policies 

Weighted degree 

Br13 Unawareness and resistance to BT among 
customers 

Weighted degree 

Br1 Challenges in cybersecurity Weighted degree 
Br5 Technology immaturity Net weighted 

degree 
Br2 Technology accessibility Net weighted 

degree 
Br19 Market uncertainty and competition Net weighted 

degree  

Table 8 
SNA new metrics score after sensitivity analysis.  

Barriers Closeness Betweenness centrality Net Weighted degree Eigenvector centrality 

New Original New Original New Original New Original 

Br1 0.76000 0.77778 57.9500 20.1429 0.1603 − 0.2561 0.88595 0.82973 
Br2 0.73077 0.82973 2.5000 0.9833 − 1.9252 2.0608 0.25527 0.36365 
Br3 0.59375 0.36365 29.4667 20.2000 0.8955 − 1.0251 0.86238 0.81777 
Br4 0.45238 0.81777 0.0000 0.0000 0.0032 0.1406 0.12457 0.07979 
Br5 0.73077 0.07979 1.6667 1.0667 − 2.1919 2.337 0.08943 0.24675 
Br6 0.46341 0.24675 11.4667 1.4095 2.2145 − 2.6837 0.86238 0.81777 
Br7 0.82609 0.84000 54.8833 29.8429 − 1.7307 1.8759 0.61882 0.62586 
Br9 0.59375 0.65625 1.9833 0.7595 0.3873 − 0.4806 0.73957 0.72058 
Br10 0.38000 0.50000 0.3333 0.2000 0.7442 − 0.8966 0.43521 0.50875 
Br11 0.57576 0.63636 19.0833 5.5333 0.2642 − 0.2896 0.57173 0.62024 
Br12 0.70370 0.72414 3.8000 1.0357 − 1.3555 1.4996 0.45116 0.51937 
Br14 0.33333 0.53846 7.0000 2.4000 1.8425 − 2.0146 0.96097 0.86560 
Br15 0.46341 0.55263 17.0000 1.3333 − 0.144 − 0.0095 0.26724 0.37113 
Br16 0.47500 0.53846 6.4667 1.7000 0.2723 − 0.272 0.29705 0.40452 
Br17 0.79167 0.80769 13.8667 5.1357 − 1.8649 1.9916 0.26386 0.40687 
Br18 0.00000 0.00000 0.0000 0.0000 1.7779 − 2.1933 0.73957 0.72058 
Br19 0.67857 0.70000 0.0000 0.0000 − 1.7361 2.0096 0.08943 0.14919 
Br20 0.73077 0.75000 22.5333 6.3524 − 0.4782 0.5048 0.82335 0.78143 
Br21 0.00000 0.00000 0.0000 0.0000 2.4325 − 2.9014 1.00000 0.90194 
Br22 0.00000 0.00000 0.0000 0.0000 0.4321 − 0.2561 0.17019 0.32192  
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highest weighted degree have the most interaction with other bar-
riers, barriers such as “Technology immaturity,” “Technology 
accessibility,” and “Market uncertainty and competition” have the 
highest net weight degree and largest influence on other barriers. 
These results suggest that these three barriers mostly affect other 
barriers, as is evident in the causal diagram.  

4) The SNA analysis results indicated that despite the “Involvement of 
industry in blockchain adoption, ethics, and safety” barrier having 
the lowest score in the four SNA static indicators, it remains a sig-
nificant barrier with a high eigenvector centrality score; therefore, it 
can influence the entire NRM. “Involvement of industry in block-
chain adoption, ethics, and safety” is a key barrier because it is 

Fig. 5. Results of sensitivity analysis.  

Table 9 
Results of the validation.  

Interviews Experts’ involvement in validation Aggregation of responses 

Barriers 1st Expert 2nd Expert 3rd Expert 4th Expert 5th Expert 6th Expert 7th Expert 

Br1 2 3 5 1 4 5 3 3.333 
Br2 5 5 5 5 5 5 5 5.000 
Br3 3 2 5 2 4 3 5 3.167 
Br4 4 5 3 2 5 3 5 3.667 
Br5 5 5 4 5 4 5 5 4.667 
Br6 3 2 3 3 4 4 5 3.167 
Br7 3 1 4 3 2 4 3 2.833 
Br8 2 2 4 2 1 3 5 2.333 
Br9 2 1 3 4 3 2 1 2.500 
Br10 3 2 3 3 4 4 5 3.167 
Br11 3 1 3 3 2 4 3 2.667 
Br12 2 2 4 2 1 3 5 2.333 
Br13 2 1 3 4 3 2 1 2.500 
Br14 3 2 3 3 4 4 5 3.167 
Br15 3 1 1 3 2 4 3 2.333 
Br16 2 3 4 3 1 3 5 2.667 
Br17 2 4 3 4 3 2 1 3.000 
Br18 2 3 4 2 1 3 5 2.500 
Br19 4 4 5 5 4 4 5 4.333 
Br20 3 1 1 3 2 4 3 2.333 
Br21 2 3 4 5 1 3 2 3.000 
Br22 2 2 3 4 3 2 1 2.667 

Barriers show critical values from 1 to 5, with 1 being the lowest and 5 the highest. 
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inextricably connected with the barriers that have a high influence. 
The NRM reveals that the “involvement of industry in blockchain 
adoption, ethics, and safety” can be improved effectively if all other 
barriers can be tackled and treated wisely.  

5) The outcomes summarized in Table 8 indicate that “Inadequacies in 
implementing block-chain-based policies” and “Unawareness and 
resistance to BT among customers” are the main obstacles to the 
successful implementation of BT in Indian construction companies. 

The construction industry has been less enthusiastic about block-
chain because of its naive nature (Surendra et al., 2020). According to 
this study, “unawareness of BT among customers” and “inadequacies in 
implementing blockchain-based policies” pose significant barriers to 
adopting BT in construction. Further, the study’s conclusions coincide 
with two well-known surveys conducted by Deloitte and PwC on 
blockchain in 2018. The Reserve Bank of India has ruled out virtual 
currencies since December 2013 and posted a circular in September 
2018 stating the same; cross-border trade requires KYC details, as 
required by the “Prevention of Money Laundering Act (2002).” In 
addition, the “Unregulated Deposit Schemes Bill 2018” prohibits un-
regulated deposits, essentially restricting “initial coin offerings” on 
Ethereum (C. Z. Li et al., 2021). Thus, it is imperative that the govern-
ment frame appropriate regulations regarding blockchain adoption. 

Blockchain technology is emerging as a promising solution for 
improving the transparency, traceability, and accountability of supply 
chains in construction, thereby reducing waste and emissions and sup-
porting the transition to a circular economy (Almeida et al., 2022; 
Upadhyay et al., 2021). Previous works have also highlighted the 
importance of addressing the barriers to adopting new technologies to 
ensure their successful implementation in the construction industry 
(Shojaei et al., 2021). This research supports this perspective by iden-
tifying several critical barriers to adopting blockchain technology in 
sustainable construction projects, including a lack of education and 
awareness, the need for tailored solutions, and the challenge of invest-
ment (Hrouga et al., 2022). 

An international cooperative agreement accepted universally by all 
nations can also be signed. Most procurements are not geographically 
isolated but connected by trade globally, and therefore, widespread 
blockchain use can facilitate international adoption (Friedman and 
Ormiston, 2022). Further, the use of blockchain will result in increased 
trust among construction stakeholders, which can mitigate any uncer-
tainty regarding its use (Figueiredo et al., 2022b). In India, a great 
example can be found in the land acquisition undertaken by the Andhra 
Pradesh government to build Amravati, the state’s new capital. In 
addition, the government can promote blockchain usage among con-
struction stakeholders by implementing appropriate measures, which is 
expected to fuel the adoption rate of BT in the construction industry. The 
development of blockchain systems also needs to address privacy, se-
curity, and interoperability issues to reduce the complexity of system 
design (Shou and Domenech, 2022). In addition to these issues, con-
struction stakeholders remain skeptical about using blockchain-based 
systems. Improving the user experience and increasing consumer satis-
faction can be achieved by resolving these issues (Wu et al., 2022a). 

Finally, government agencies and related agencies actively support 
such initiatives for the benefit of the masses in this day and age. A 
public-private partnership (PPP) is expected between the government 
and the private sector to help reduce barriers to blockchain adoption in 
construction (Jovanovic et al., 2022). A few findings from this study are 
relevant to international perspectives; the conditions in many devel-
oping countries are similar to those in India. Consequently, the results of 
this study can be applied to other countries based on their context and 
requirements, with little to zero modifications. 

The findings of this research also align with previous works that have 
emphasized the importance of considering the impact of new technol-
ogies on sustainability. For example, research has shown that some 
technologies, such as the Internet of Things, can enhance resource 

efficiency but may also contribute to the problem of e-waste (Balzarova 
et al., 2022). Similarly, this research highlights the need to consider 
blockchain technology’s energy consumption and carbon footprint to 
ensure that its deployment does not negatively impact sustainability 
(Fichter et al., 2023; Nogueira et al., 2023; Sadawi et al., 2021). 

5.2. Implications 

The investigation into the barriers to the adoption of blockchain 
technology in sustainable construction projects concerning sustainabil-
ity highlights several key implications for both theory and practice. 
Firstly, the study results indicate a need for increased education and 
awareness about blockchain technology among construction pro-
fessionals. This is important to ensure that professionals are equipped 
with the knowledge and understanding that is vital to implement 
blockchain solutions in sustainable construction projects effectively. 
Secondly, the study suggests that the development of tailored block-
chain solutions that address the specific challenges faced by the con-
struction industry is crucial for widespread adoption. This will require 
collaboration between construction professionals, policymakers, and 
technology providers to develop common standards and protocols for 
using blockchain in construction. 

Thirdly, the study’s results highlight the need for greater investment 
in blockchain technology to support its development and implementa-
tion in the construction sector. This will help address the challenges 
associated with implementation costs and scalability and allow for the 
development of more accessible and effective blockchain solutions. 
Additionally, it will be important to consider the distribution of benefits 
and the potential for unequal impacts of blockchain technology to 
ensure that its deployment is responsible and equitable. 

Finally, the use of blockchain technology in sustainable construction 
projects has the potential to enhance the transparency and traceability 
of supply chains, improving the overall sustainability of construction 
projects. However, it is important to consider the potential for unin-
tended consequences and ensure that blockchain solutions are designed 
with sustainability. For example, it will be important to consider 
blockchain technology’s energy consumption and carbon footprint and 
ensure that its deployment does not contribute to the problem of e- 
waste. To effectively harness the potential of blockchain technology, it 
will be necessary to address the barriers to adoption and to consider the 
impact of its deployment on sustainability. This will require collabora-
tion, investment, education, and the development of tailored solutions 
designed with sustainability in mind. By doing so, the construction in-
dustry can take full advantage of blockchain technology’s potential and 
help create a more sustainable and efficient built environment. 

Overall, this research connects to the broader body of literature on 
cleaner production and sustainability by highlighting the importance of 
incorporating new technologies and innovative approaches to enhance 
the sustainability of construction projects. The research findings 
contribute to this literature by providing specific insights into the bar-
riers to adopting blockchain technology in sustainable construction 
projects and emphasizing the need to address these barriers to ensure its 
successful deployment. This research helps advance the conversation on 
cleaner production and sustainability and supports the development of 
more sustainable and efficient construction practices. 

6. Conclusion 

This study aimed to meticulously investigate the barriers impeding 
the adoption of BT within CPM. For this purpose, a novel hybrid 
methodological approach was proposed based on the amalgamation of 
the FDEMATEL method and SNA. Based on the data collected from 
qualified experts having rich experience in the respective domain, the 
following major contributions are made to the body of relevant 
knowledge: 
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1) Identification of barriers that are stumbling blocks to the adoption of 
BT-based technologies using a comprehensive literature review 
together with experts’ interviews.  

2) Unravel the causal interrelationships among barriers to assess the 
effect and intensity between barriers using the FDEMATEL method. 
The results showed that to tackle barriers efficiently, the concerned 
decision-makers must tackle critical “causal” barriers, including 
“technology immaturity,” “market uncertainty and competition,” 
and “technology accessibility”.  

3) Construct an NRM of important barriers and uncover the complex 
relationships using the SNA. It is revealed that “Inadequacies in 
implementing blockchain-based policies” and “Unawareness and 
resistance to BT among customers” are the most critical barriers to 
BCP adoption in the respective industry. 

The above outcomes imply that BT is still a new concept in the Indian 
construction industry and cannot succeed without focusing on the sys-
tematic training of managers, decision-makers, and indigenous industry 
experts. Therefore, the Indian government, besides the private sector, 
must prepare more facilities to encourage the Indian construction in-
dustry to implement BT in their companies, which is beneficial for 
promoting sustainability in the Indian construction industry. The out-
comes of fuzzy DSNA can help leaders, policymakers, and decision- 
makers focus on the most important barriers and choose the optimal 
strategy based on prevailing circumstances. The results assist in bridging 
the gap between theory and practice in sustainable lean construction, 
which can help promote broader (and essential) discussions. 
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