
 

 

 

BLOCKCHAIN TECHNOLOGY IN THE CONSTRUCTION INDUSTRY: 

IMPLICATIONS ON CONTRACT MANAGEMENT 

 

 

 

 

 
by 

 

B.S., Civil Engineering,  University, 2016 

M.S., Civil Engineering,  University, 2019 

 

 

 

 

 

 

 

Submitted to the Institute for Graduate Studies in 

Science and Engineering in partial fulfillment of 

the requirements for the degree of 

Doctor of Philosophy 

 

 

 

Graduate Program in Civil Engineering 

 

2025 



iii 
 

 
ACKNOWLEDGEMENTS 

 

 
Firstly, I would like to express my sincere gratitude to my supervisor, Prof. Beliz 

, for her continuous support, guidance, and encouragement throughout the duration 

of my research. Her insightful feedback and unwavering patience were instrumental in the 

successful completion of this thesis. 

 

I sincerely appreciate the valuable ideas provided by Assoc. Prof. Algan Tezel and 

journey.  

 

I also would like to thank my thesis committee members for their encouragement and 

insightful questions. I am gratefully indebted to their constructive comments on the thesis. 

 

and 

patience throughout this journey. Her constant presence and support have been an enduring 

source of strength and motivation.  

 

I am also deeply grateful to my daughter, Defne, who was born in the midst of my PhD 

studies and became a source of light and strength during the most challenging times. 

 

I am profoundly thankful to my mom , my dad , my brother Can and other 

family members for their continuous encouragement and belief in my abilities.  

 

Finally, I would like to acknowledge the financial support provided by 

(The Scientific and Technological 1-A 

program. 

 

 

 



iv 
 

ABSTRACT 

 
 

BLOCKCHAIN TECHNOLOGY IN THE CONSTRUCTION 

INDUSTRY: IMPLICATIONS ON CONTRACT MANAGEMENT  

 
As digital transformation accelerates, innovation has become vital for enhancing 

organizational competitiveness in the construction industry. Despite this progress, contract 

management remains hindered by inadequate information sharing, payment delays, and 

supply chain inefficiencies. Blockchain technology offers a promising solution, introducing 

a transformative paradigm for managing construction contracts. This study investigates the 

impact of blockchain technology implementation on construction contract management and 

explores strategies to facilitate its implementation. Through a comprehensive literature 

review, the research identified critical factors influencing its integration including 

stakeholder commitment, regulatory issues, technological infrastructure and managerial 

aspects. Based on these insights, an initial framework is developed to illustrate the 

interactions among these factors. A questionnaire survey is then conducted with selectively 

targeted participants with relevant experience. The collected data is analyzed using 

Structural Equation Modeling (SEM) and a focus group study is conducted to validate the 

findings. The study culminates in a strategic roadmap designed to guide the adoption of 

blockchain technology in construction contract management which offers a comprehensive 

perspective and provides practical strategic recommendations. Its key novelty lies in its 

specific focus on blockchain-enabled construction contract management, distinguishing it 

from prior country-specific or use-case-limited roadmaps. Findings reveal that the immature 

industry does not deter motivated companies from implementing blockchain technology 

driven by the integration of advanced digital solutions. Blockchain technology primarily 

enhances data management, monitoring, and knowledge-sharing processes, enabling more 

informed decision-making which highlights its potential to improve overall industry 

efficiency. By exploring blockchain's potential and revealing the critical factors, this 

research provides valuable insights for organizations considering its implementation. 
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1.  INTRODUCTION 
 

 

As technological advancements and digitalization continue to evolve, innovation has 

become a crucial element to improve organizational competitiveness. Thus, organizations 

are integrating new technologies into their operations and digitizing traditional processes. 

During the past decade, the construction industry has embarked on its own digital 

transformation journey. As one of the world's largest industries, the construction industry 

still has numerous processes that remain to be digitized, presenting significant opportunities 

for digitalization (Wen et al., 2025). Effective construction contract management is crucial 

in project management due to the interconnected tasks and diverse risks involved. This 

necessitates engagement with multiple stakeholders across various work processes. 

Blockchain technology, emerging as a transformative force in numerous industries, is also 

poised to revolutionize the construction industry. 

 

This thesis aims to propose a strategic roadmap for integration of blockchain 

technology into construction contract management processes through examining how 

blockchain adoption influences construction contracts and the interplay among critical 

factors in this process. A comprehensive literature review identifies potential applications of 

blockchain in construction and key factors affecting its implementation. An initial model is 

developed to conceptualize the relationships among these critical factors. Subsequently, a 

questionnaire survey is administered to industry professionals and academics. Structural 

Equation Modeling (SEM) is employed to analyze survey data. Furthermore, the thesis 

proposes a roadmap for implementing blockchain technology in construction and validates 

its findings through a focus group study.  

 

This research endeavors to uncover the potential of blockchain and offer insights to 

organizations planning to adopt this technology. The introduction chapter outlines the 

background, problem statement, related studies, research objectives, methodology, scope, 

limitations, and structure of the thesis. 
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1.1.  Research Background 

 

Blockchain technology is one of the emerging technologies that facilitate digital 

transformation and captures the attention of numerous industries, including the construction 

industry (Wen et al., 2025). Blockchain, a type of digital distributed ledger technology 

(DLT), gained significant traction following its association with the cryptocurrency Bitcoin 

(Nakamoto, 2008). Despite blockchain being in its infancy stage of implementation within 

the built environment (Arup, 2019; Rathnayake et al., 2022), it is anticipated to have a 

profoundly positive impact on the construction industry (Rugina, 2021). Tezel et al. (2020) 

argue that to fully harness the potential of blockchain technology, necessary adaptations in 

business models, procurement processes, and workforce upskilling are essential.  

 

Although the number of research on blockchain applications within the construction 

industry is increasing constantly (Karacigan and Ozorhon, 2023), only a few studies have 

specifically analyzed the impact of blockchain on particular topics, such as construction 

contract management, and no study proposed a roadmap for companies in this regard. Thus, 

there is a great need to investigate blockchain technology in terms of construction contract 

management and to develop a roadmap for implementation. 

 

1.2.  Problem Statement 

 

Traditional design and construction processes exhibit inefficiencies, prompting 

companies to enhance productivity through digitalization. Recently, the construction 

industry has been undergoing a digital transformation necessitating the integration of modern 

technological tools such as Building Information Modeling (BIM), the Internet of Things 

(IoT), and Blockchain into design and construction workflows (Karacigan and Ozorhon, 

2023). According to a report by McKinsey & Company (2017), the construction industry 

lags behind other industries in terms of digitalization. 

 

In addition, there is a critical need for the digitalization of contractual processes within 

the construction industry. The contract management procedures within the Architecture, 

Engineering, and Construction (AEC) industries are flawed with challenges, including 

inadequate information sharing (Liu et al., 2023), delayed payments (Hamledari and Fischer, 



3 
 

2021), and a lack of a transparent and traceable supply chain (Tezel et al., 2020). The 

implementation of blockchain technology holds promise in addressing these issues and can 

potentially reduce conflicts (Rugina, 2021). 

 

Dispute resolution within the construction industry is very expensive and time-

consuming, resulting in significant financial and temporal losses for companies (Younis et 

al., 2008). Therefore, it is essential to prevent disputes or resolve claims before they escalate 

into intractable conflicts. In this context, blockchain technology offers a potential solution 

to contractual challenges and represents a prospective advancement in the management of 

construction contracts. 

 

1.3.  Related Studies 

 

In recent years, blockchain technology has garnered significant attention from both 

academic and industrial perspectives in the context of digitalization. The literature presents 

various research focusing on potential applications of blockchain in construction (Li et al., 

2018; Shojaei, 2019; Rathnayake et al., 2022) and explores challenges or barriers to its 

adoption (Wu et al., 2022; Prabhakar et al., 2023; Singh et al., 2023). Other studies 

investigate the adoption process and identify drivers for implementation (Koc and Gurgun, 

2020; Tezel et al., 2020; Sun et al., 2023).  

 

Although the number of studies in terms of practical applicability is limited, a notable 

case study by Kang et al. (2023) presents a public infrastructure project where blockchain 

was applied across eleven core construction workflows including scheduling, daily 

operations, and payment systems. This workflow-based analysis not only highlights the 

 benefits, such as improved efficiency and communication among 

project teams, but also addresses real-world implementation challenges, including resistance 

to change and the persistence of traditional practices. 

 

applications and its integration into areas such as supply chain management, document 

management, and BIM systems (Das et al., 2022; Brandin and Abrishami, 2024; Liu et al., 

2024). Furthermore, Sun et al. (2023) investigated the critical success factors for 
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implementing blockchain technology in construction in a review study. Finally, Zhang et al. 

(2023) conducted a systematic literature review and analyzed potential blockchain 

applications for construction contract management. 

 

This study addresses a significant gap in literature by investigating the integration of 

blockchain technology into construction contract management, with a particular emphasis 

on elaborately identified critical factors and the complex interrelationships among key 

constructs. Furthermore, it contributes to the field by presenting a comprehensive and 

structured roadmap to guide the practical implementations. 

 

1.4.  Aim and Objectives 

 

This research examines the potential impacts of blockchain technology on contract 

management in the construction industry. In this context, the study mainly aims to develop 

a strategic roadmap for integrating blockchain technology into construction contract 

management by analyzing the impact of blockchain adoption on construction contracts and 

exploring the interactions among key influencing factors throughout this process. 

 

The other objectives of the study can be explained as follows; (i) determining the 

inputs and outputs of blockchain technology implementation in the construction industry, 

(ii) identifying the potential applications of blockchain technology in the construction 

industry, (iii) verifying the relationships between critical success factors through a focus 

group study, (iv) proposing a roadmap for the implementation of blockchain technology in 

the construction industry. 

 

1.5.  Research Methodology 

 

Firstly, a comprehensive literature review was conducted to identify the potential 

applications of blockchain technology in the construction industry and the critical factors of 

the process. Following this, an initial model was developed that represents the relationships 

between these critical factors. An online questionnaire survey was then developed and 

distributed to industry professionals and academics, selected based on specific criteria. The 

data collected was analyzed using A SEM tool, and necessary tests were performed. Based 
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on the analysis results, a roadmap was proposed for integrating blockchain technology into 

contract management practices within the construction industry. In the next phase, a focus 

group study with experts was conducted to validate the research findings. 

 

1.6.  Scope and Limitations 

 

The scope of this research involves development of a framework for implementing 

blockchain technology in the construction industry, specifically for contract management. 

Additionally, within the scope of this research, a roadmap is proposed to facilitate the 

adoption of blockchain technology in the construction industry. Despite the comprehensive 

nature of this study, several limitations must be acknowledged. Firstly, the low adoption rate 

of blockchain technology results in survey responses that are largely perception-based, 

potentially introducing biases. Another limitation is the divergent opinions among 

participants due to the early stage of blockchain adoption in the construction industry. 

Furthermore, the conceptual framework developed in this study is primarily based on 

existing literature, reflecting the current state of knowledge on blockchain technology within 

the construction domain. 

 

1.7.  Organization of Research 

 

This research is structured into six chapters. The first chapter outlines the research 

background, defines the problem, reviews related studies, states the research aims and 

objectives, details the methodology, specifies the scope and limitations, and describes the 

organization of the research. The second chapter introduces key concepts related to 

blockchain technology, including their definitions, main characteristics, and core 

technologies. It also mentions previous studies on blockchain technology in construction 

industry. The third chapter clarifies the research methodology, presents the initial 

framework, describes the questionnaire survey, and describes the SEM methodology. The 

fourth chapter reports the research results, including descriptive statistics and SEM analysis, 

which are then discussed in the fifth chapter. In the fifth chapter, the proposed blockchain 

roadmap is also presented and discussed in detail. The sixth chapter summarizes the 

conclusions, highlighting the main observations, and providing recommendations. The 

appendix includes the sample questionnaire survey.  
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2.  KEY CONCEPTS & LITERATURE REVIEW 
 

 

2.1.  Blockchain Technology 

 

Blockchain technology facilitates transparent information sharing among all network 

participants, ensuring that no single party has complete control over data (Penzes, 2018). 

The information is exchanged in a predefined, unalterable, and nearly instantaneous manner. 

Moreover, all data recorded on the blockchain is permanent and cannot be changed (Tezel 

et al., 2021). Blockchain, a form of DLT, gained widespread attention nearly a decade ago 

as the foundational technology behind Bitcoin (Nakamoto, 2008). 

 

2.1.1.  Definition 

 

The term "blockchain" is derived from its structural components: discrete records 

known as blocks, which are interconnected in a singular sequence referred to as a chain 

(Zeba et al., 2023). Each block within a blockchain contains a timestamp, a hash value, and 

the hash value of the preceding block, which binds it to the previous block in the chain (Dib 

et al., 2018). This architecture ensures the security and integrity of the blockchain, as its 

immutable nature prevents tampering, any alteration or modification is permanently 

recorded. Blockchain technology is used to record transactions on the system in a manner 

that makes it extremely difficult or virtually impossible to alter, hack, or commit fraud within 

the system (Paul et al., 2021). 

 

A distributed ledger is a basic database that possesses unique characteristics. It is 

distributed, which means that the database is spread across various locations in a shared 

manner (Penzes, 2018). This makes it somewhat similar to typical cloud systems or other 

shared internet storage solutions. However, unlike a single storage location with multiple 

access points, distributed ledgers consist of multiple stores that are updated simultaneously. 

 

A distributed ledger can be described as a network that allows participants to interact 

or transact with each other directly in a peer-to-peer manner (Tezel et al., 2021). This direct 

information exchange is facilitated by the DLT's highly resilient network protocol or 
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consensus mechanism, eliminating the need for intermediaries (Li et al., 2018). These 

interactions are cryptographically secured and added to, in the case of blockchain systems, 

an immutable chain of records. Encryption ensures that these transactions are indisputable 

(Xu et al., 2023). Furthermore, since each block on the blockchain contains information from 

previous blocks, a highly resilient and trusted record is created. To modify one block, the 

entire chain must be altered, which is impossible without controlling the vast majority of the 

network (Penzes, 2018). 

 

2.1.2.  History of Blockchain and Distributed Ledger 

 

The Distributed Ledger System has its roots in the double-entry bookkeeping system 

developed in the Middle East. In the early 1960s, the Electronic Data Interchange (EDI) 

system was introduced to automatically share ledger data among parties, allowing 

transactions to be recorded without human intervention (Penzes, 2018). Unlike EDI, which 

shares transactions between separate ledgers, DLT allows participants in a blockchain 

network to use a single, shared ledger that is entirely validated (Li et al., 2018).  

 

Haber and Stornetta (1991) were the first to define blockchain. They introduced the 

concept of timestamp-based digital documents that are secured and tamper-resistant through 

the use of cryptographic hashing. Subsequently, in 1998, computer scientist Nick Szabo 

developed "bit gold," a concept for a decentralized digital currency (Szabo, 1998). In 2000, 

Stefan Konst published his theory on cryptographically hashed and protected chains, along 

with its implementation theory (Zeba et al., 2023). Developers made further advances after 

Nakamoto (2008) published a white paper introducing the blockchain model. Nakamoto 

implemented the first blockchain as a public ledger for transaction records through Bitcoin. 

In 2014, blockchain technology diverged from its association with currency, revealing its 

potential for various financial applications (Zeba et al., 2023). This evolution led to the 

emergence of Blockchain 2.0, denoting its applications beyond digital currency. 

 

2.1.3.  Working Mechanism 

 

The operational mechanism of the blockchain can be illustrated in five steps with a 

simple transaction example (Penzes, 2018).  
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i. A transaction is initiated between two parties.  

ii. This transaction is then created as unique data and broadcast across the network 

for validation. During validation, it checks whether the sender and receiver are 

appropriate and ensures that the transaction is not duplicated. 

iii. After the network consensus is reached, the transaction is validated and its 

hashed information is added to a "block," creating a tamperproof record.  

iv. The blockchain is updated with the new block, ensuring that all network 

participants have an up-to-date copy of the blockchain.  

v. Finally, the transaction is completed and the transferred digital asset, data, or 

order is received with an immutable record of its origin and transfer. 

 

This process does not involve a centralized third party or accountant, as any changes 

or new transactions require consensus and validation from network stakeholders (nodes). 

The data sharing mechanism and the associated immutable uniqueness of information are 

made possible by robust cryptographic techniques (Sun et al., 2023). These techniques 

ensure that the blockchain's embedded algorithm can verify that transactions are not 

duplicated. Each node on the network holds identical and updated copies of the blockchain 

simultaneously, with granted permissions and data accessibility (Yoon and Pishdad-Bozorgi, 

2022). Figure 2.1. below has been designed to describe the working mechanism of 

blockchain technology when a transaction is requested.  

 

 
 

Figure 2.1. Working mechanism of blockchain technology. 
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In a construction project, every key stakeholder would be part of a blockchain-powered 

network governed by consensus and agreement among all stakeholders. Each participant 

would have their own copy of the blockchain, containing every interaction and transaction 

between parties (Li et al., 2018). This information, whether private or fully disclosed, is 

recorded, tamper-proof, and cryptographically signed, creating a traceable record of every 

business interaction. This system can significantly reduce project control complexity, 

associated risks, and administrative costs (Penzes, 2018). Furthermore, smart contracts (self-

executing conditions within blockchain-based systems) can further enhance process 

efficiency and traceability. This kind of system fundamentally improves trust and 

collaboration among all participants. 

 

2.1.4.  Types of Blockchains 

 

Every blockchain comprises a network of computers, known as nodes, that perform 

transactions by appending new blocks to an existing chain. Although fundamental 

technology remains consistent, the configuration of these nodes and the routes they follow 

can differ across various implementations (Paul et al., 2021). The architecture of a 

blockchain network is tailored to its specific application, necessitating distinct levels of 

access, processing capabilities, security, and privacy (Zeba et al., 2023). Blockchains are 

categorized into two main modes: one focusing on network access control, which is further 

divided into four types as; public, private, consortium, and hybrid. The other mode focuses 

on network participants further divided into two types as; permissionless, and permissioned.  

 

2.1.4.1.  Public Blockchain. A public blockchain network is open and decentralized, 

allowing anyone with internet access to join as a node without approval (Martinovic et al., 

2017). Each participant holds an immutable copy of the ledger, ensuring transparency and 

security. The nodes have equal access rights, enabling full participation in the creation and 

validation of blocks through complex computations (Paul et al., 2021). Public blockchains 

often use open source code, which allows users to inspect transactions, identify issues, and 

propose fixes. They are generally secure if users follow security protocols but can be 

vulnerable if not. They are commonly used for cryptocurrency mining and exchanges, 

utilizing proof-of-work (PoW) or proof-of-stake (PoS) consensus mechanisms for 

transaction security. Bitcoin is a good example for public blockchains. 
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The advantages of public blockchains include complete decentralization, fostering 

user independence from central authorities, and ensuring transaction legitimacy through 

consensus mechanisms (Zeba et al., 2023). The distributed ledger enhances security by 

making it difficult for hackers to compromise the network. Public blockchains are 

transparent, with data accessible to anyone. However, they face challenges such as slow 

processing speeds, scalability issues, and high energy consumption, particularly with PoW 

systems, leading to high transaction fees (Randa, 2024). 

 

2.1.4.2.  Private Blockchain. A private blockchain is a compliant and restricted blockchain 

network designed for use within a closed association (Xu et al., 2023). This type of 

blockchain is typically used within organizations or enterprises where only selected 

individuals participate (Martinovic et al., 2017). The controlling entity of the private 

blockchain network dictates the levels of security, permissions, and transparency. While 

private blockchains share some similarities with public blockchains, they operate within a 

more restrictive framework. These networks are used for various applications such as 

internal voting, network storage management, automation, and asset ownership (Randa, 

2024). Multichain, Hyperledger projects, and Corda are good examples of private 

blockchains. 

 

Advantages of private blockchains include fast transaction processing, flexible rule 

changes, cost-effective transactions, and enhanced security due to limited access (Paul et al., 

2021). They are also adaptable, allowing companies to scale the network size as needed. 

However, private blockchains also have disadvantages. They are not fully decentralized, as 

a single entity controls the network (Zeba et al., 2023). This centralization can lead to trust 

issues since the final decisions are made with a few central nodes. The limited number of 

nodes can compromise security if any of the nodes are compromised, thereby affecting the 

consensus mechanism. 

 

2.1.4.3.  Hybrid Blockchain. A hybrid blockchain combines elements of public and private 

blockchain systems, managed by a central entity. This type of blockchain uses a private, 

permission-based system alongside a public system. Although it restricts access, it gives the 

central authority control over the data that are accessible to the general public (Randa, 2024). 

Transactions and records are private, but can be verified by approved users through a smart 
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contract system when necessary. However, the controlling entity cannot alter or change 

transactions on the blockchain. Hybrid blockchains are preferred by entities seeking the 

benefits of public and private systems. This type of blockchain is ideal for highly regulated 

industries, such as banking, and industries requiring transparency yet regulated access, like 

real estate, retail, and healthcare (Zeba et al., 2023). 

 

The advantages of hybrid blockchains are notable. They offer flexibility, allowing 

customization to fit specific needs by combining public and private elements. They provide 

enhanced security by using the data integrity of private blockchains and the security of 

decentralized systems (Paul et al., 2021). Hybrid blockchains also foster transparency, which 

builds trust among network participants. However, hybrid blockchains come with 

challenges. They can be more complex to manage and maintain compared to purely private 

or public blockchains. Since they are not fully decentralized, there might be concerns about 

potential censorship or manipulation due to the level of control exercised by the central entity 

(Zeba et al., 2023). 

 

2.1.4.4.  Consortium (Federated) Blockchain. A consortium blockchain, also known as a 

federated blockchain, is managed collectively by multiple entities rather than a single central 

authority (Dib et al., 2018). This collaborative approach among organizational members 

helps distribute governance and management responsibilities across the decentralized 

network, addressing the issues seen in centralized private blockchains. 

 

Governance in a consortium blockchain is facilitated through consensus mechanisms 

controlled by predetermined centralized nodes (Paul et al., 2021). These validator nodes 

initiate, receive, and validate transactions within the network (Randa, 2024). Participants 

collectively decide which nodes have the authority to validate transactions, ensuring secure 

and efficient operation (Zeba et al., 2023). These networks are favored by organizations 

seeking greater control, security, and efficiency over their blockchain operations within a 

collaborative framework. 

 

Consortium blockchains offer several advantages. They provide enhanced security and 

privacy as verified blocks are not visible to the public, reducing the risk of unauthorized 

access or data breaches (Dib et al., 2018). In addition, they are more scalable and efficient 
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compared to public blockchains because they operate under the control of a select few 

validator nodes. Access control in consortium networks is similar to that in private or hybrid 

blockchain systems, allowing participants to manage and regulate network permissions 

effectively (Randa, 2024). However, consortium blockchains also present challenges. They 

lack the transparency found in public blockchains since they are not open to the general 

public. Security vulnerabilities may arise due to the reliance on a single or limited number 

of validator nodes, potentially compromising the integrity of the entire network (Dib et al., 

2018). 

 

2.1.4.5.  Permissionless Blockchain. This decentralized system operates without gatekeepers 

or hierarchical access controls, distinguishing it from permissioned blockchains (Zeba et al., 

2023). Participants in a permissionless blockchain are equal, ensuring transparency, as all 

transactions are visible to everyone on the network. Users also benefit from a degree of 

anonymity, as they can interact with the blockchain without requiring special permissions 

(Randa, 2024). 

 

The advantages of permissionless blockchains include high transparency, resistance to 

censorship, and robust security due to the distributed nature of the network (Zeba et al., 

2023). Since anyone can access and validate transactions, it becomes challenging to 

compromise the entire network simultaneously. However, these systems suffer from 

drawbacks such as slower transaction speeds due to increasing network usage, resource-

intensive requirements for consensus mechanisms, and less privacy compared to 

permissioned blockchains (Randa, 2024). 

 

2.1.4.6.  Permissioned Blockchain. A permissioned blockchain restricts participation and 

transaction engagement to a predefined set of users authorized by a controlling entity 

(Randa, 2024). Unlike permissionless blockchains, permissioned systems require 

individuals to be invited or approved to join the network. This characteristic makes 

permissioned blockchains common in both private and sometimes public contexts, ensuring 

that only approved participants can access and interact with the blockchain. In permissioned 

blockchains, data is stored in a centralized repository accessible only to those with 

authorized permissions, ensuring privacy and control over sensitive information (Zeba et al., 

2023). Participants typically have designated permission levels that dictate their actions 
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within the blockchain ecosystem, providing a structured approach to managing data and 

transactions securely. 

 

Although permissioned blockchains offer advantages in terms of privacy, control, and 

regulatory compliance, their suitability depends on the specific requirements and security 

considerations of the organizations that use them (Randa, 2024). Permissioned blockchains 

face challenges such as increased complexity in managing permissions and the risk of 

collusion among authorized participants (Zeba et al., 2023). They are not fully decentralized, 

as the controlling entity retains the authority to modify rules and permissions, potentially 

impacting the integrity of the blockchain network. 

 

2.1.5.  Consensus Algorithms 

 

As a crucial element of blockchain technology, the consensus protocol is essential to 

the operation of blockchain networks within distributed environments (Nawari and 

Ravindran, 2019). It is particularly significant for managing the information flow among 

blockchain participants and ensuring the overall efficiency of the system (Salimitari et al., 

2020). A consensus protocol comprises a set of rules that facilitate the agreement among 

blockchain nodes on a value or state of the network, determining who, whether, and when a 

new block is added to the blockchain (Makhdoom et al., 2019). Furthermore, by specifying 

the principles for creating valid blocks, the consensus mechanism influences the timing of 

new block generation and the acceptance of behaviors from honest or dishonest nodes. This, 

in turn, affects the blockchain's performance and security during operation. In the context of 

blockchain applications in the construction industry, where stakeholders come from various 

teams, the choice of consensus protocols is especially critical to ensure the safety of 

information transfer and meet operational requirements (Wu et al., 2019). There are 12 

different consensus protocols given below. 

 

 Proof of Work (PoW) 

 Proof of Stake (PoS) 

 Delegated Proof of Stake (DPoS) 
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 Proof of Authority (PoA) 

 Proof of Elapsed Time (PoET) 

 Proof of Importance (PoI) 

 Proof of Burn (PoBr) 

 Proof of Capacity (PoC)  

 Practical Byzantine Fault Tolerance (PBFT) 

 Delegated Byzantine Fault Tolerance (DBFT) 

 Federated Byzantine Agreement (FBA) 

 Reliable, Replicated, Redundant, and Fault-Tolerant (RAFT) 

 

2.2.  Smart Contracts 

 

2.2.1.  Definition 

 

The concept of smart contracts, first introduced by Szabo (1996) in the mid 1990s, 

involves the execution of contractual clauses through their integration into software as 

automated computer protocols (Karacigan and Ozorhon, 2023). A smart contract is a 

computerized protocol whose implementation is automated via executable code that operates 

on the blockchain (Ahmadisheykhsarmast and Sonmez, 2020). The fusion of smart contracts 

and blockchain technology heralded a new era where contractual clauses can be executed on 

the blockchain through automated computerized protocols. Moreover, smart contracts 

facilitate the automatic execution of contractual clauses on a secure and reliable platform, 

eliminating the need for a trusted third party or authority such as notaries, lawyers, or banks 

(Pinna et al., 2020). They can improve efficiency and traceability (Penzes, 2018). As a result 

of these improvements a reduction in contractual disputes and saving in transaction fees, and 

administrative costs are expected (Crosby et al., 2016). 

 

Di Giuda et al. (2020) emphasized that the implementation of blockchain-based smart 

contracts addresses several barriers that have historically hindered the development and 

adoption of BIM. These include concerns related to data reliability, traceability, elimination 
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of intermediaries, change tracking, and ownership of information. The integration of the 

BIM model with a decentralized ledger that encompasses comprehensive process data 

facilitates the establishment of a unified and dependable record system, thereby promoting 

collaboration among stakeholders. The concurrent evolution of the BIM environment and 

the execution of smart contracts enables the automation of various project delivery stages. 

Figure 2.2. illustrates the function of smart contracts within the context of blockchain 

integration in the construction industry. 

 

 

 

Figure 2.2. Integrating smart contracts into blockchain in construction industry (Di Giuda 

et al., 2020). 

 

2.2.2.  Types of Smart Contracts 

 

Morabito (2017) identified two types of smart contracts: deterministic and non-

deterministic. A deterministic smart contract relies solely on information already available 

on a distributed ledger, whereas a non-deterministic smart contract requires additional 

information from a trusted third party. 

 

2.2.2.1.  Deterministic Smart Contracts. Deterministic smart contracts operate under a strict 

principle of predictability; given a specific set of inputs, they consistently produce the same 

outputs across all network nodes. This consistency is crucial for maintaining consensus in 

blockchain environments, especially within public blockchains like Ethereum, where 

uniform execution outcomes across nodes are essential (Alharby and van Moorsel, 2017; 
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Smith and Garcia, 2022). Deterministic smart contracts are particularly well-suited for 

automating clearly defined, rule-based processes such as milestone-based payments, 

compliance verification, or document authentication, where all variables can be pre-

specified and encoded without ambiguity (Smith and Garcia, 2022). 

 

2.2.2.2.  Non-deterministic Smart Contracts. In contrast, non-deterministic smart contracts 

involve elements of uncertainty or rely on external inputs that may vary between executions. 

These contracts typically integrate off-chain data via oracles, enabling responsiveness to 

real-time information (Smith and Garcia, 2022; Arceri et al., 2023). Use cases include 

dynamic pricing mechanisms, environmental condition-based scheduling, or any context 

requiring input from external databases. While this flexibility is advantageous, non-

deterministic contracts also pose risks related to data authenticity, oracle reliability, and 

potential disruption of consensus mechanisms (Arceri et al., 2023). 

 

The applicability of each type of smart contract within construction project 

management depends on the specific context. Deterministic contracts are preferable in 

scenarios where predictability, auditability, and automation are critical such as contractual 

compliance or payment execution. Conversely, non-deterministic contracts may be better 

suited for dynamic environments that require integration with real-time data, such as supply 

chain coordination or environmental monitoring (Morabito, 2017). 

 

2.2.3.  Benefits and Challanges 

 

Smart contracts present a range of compelling advantages that distinguish them from 

traditional contract mechanisms, primarily due to their ability to execute specific contractual 

clauses automatically when predetermined conditions are fulfilled. This automation 

significantly reduces the potential for disputes and delays, particularly in financial 

transactions, as funds are only released upon the satisfaction of clearly defined criteria, 

thereby ensuring payment security and contractual compliance (Wang et al., 2017). 

Moreover, the digital and algorithmic nature of smart contracts contributes to a higher degree 

of transparency, predictability, and precision in execution.  
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Unlike traditional contracts, which may be subject to interpretation and administrative 

inefficiencies, smart contracts operate on clearly coded logic, reducing ambiguity and 

enhancing the overall efficiency and effectiveness of contract administration processes. 

Furthermore, in the domain of supply chain management within the construction industry, 

smart contracts enabled by blockchain technology have demonstrated the potential to record 

critical logistics information, such as the exact delivery dates of materials to construction 

sites. This capability facilitates automated and timely release of payments based on actual 

delivery data, thereby improving coordination and trust among project stakeholders (Blycha, 

2018). 

 

The integration of smart contracts with blockchain technology introduces several 

significant advantages to construction project management. Primarily, smart contracts 

enable automatic and self-enforcing execution of contractual terms, thereby minimizing the 

likelihood of misapplication and reducing the necessity for follow-up communications 

regarding task completion. Their irrevocability ensures that, once activated, contractual 

obligations are executed without the possibility of reversal, enhancing reliability and 

accountability (Mason, 2017). Additionally, the real-time traceability feature facilitates the 

tracking of multiple document iterations, such as design drawings, and allows for the 

identification of responsible parties in cases of delay or inaction. The immutable nature of 

smart contracts, made possible through blockchain, further strengthens data integrity and 

security while eliminating the need for intermediaries in transaction validation. 

 

Despite these advantages, certain challenges persist, particularly in the context of high-

complexity and dynamic construction environments. The inflexibility of smart contracts, 

rooted in their immutability, can present difficulties when unforeseen conditions arise, such 

as modifications to payment structures or unexpected project requirements. In such 

scenarios, the rigid structure of smart contracts may hinder adaptability and responsiveness, 

which are often essential in dynamic construction processes (Wu et al., 2022). 

 

2.2.4.  Decentralized Autonomous Organization (DAO) 

 

One example of a smart contract structure is a DAO, which is an entity governed not 

by a single individual but by the consensus of its members. A DAO consists of a collection 
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of smart contracts that, once deployed, cannot be altered and will always operate as 

programmed (Li et al., 2020). Therefore, ensuring that the smart contracts constituting a 

DAO comply with regulations and function as intended is crucial, since they cannot be 

"turned off" once executed. Smart contracts provide the ability to automate tasks and 

activities throughout the built asset lifecycle while also serving as a mechanism to enforce 

regulatory compliance. 

 

2.3.  Construction Contracts, Claims & Disputes Management 

 

The construction industry, despite being a major contributor to national economies, 

continues to rely heavily on traditional contractual frameworks and inefficient manual 

processes, particularly for payments and claims management (Hamledari and Fischer, 2020). 

These outdated practices are often associated with prolonged and cumbersome contract 

execution, leading to disputes and unresolved issues among project stakeholders. Such issues 

frequently evolve into formal construction claims, which are a significant cause of time and 

cost overruns in construction projects (Shaikh et al., 2020). 

 

Claims typically arise from various aspects of the contract, most notably from payment 

methods and project delivery systems. Conventional payment structures, such as lump sum, 

unit price, and cost-plus-fee, continue to dominate the industry, each carrying inherent risks 

that may trigger disagreements. Given the inherently complex, fragmented, and uncertain 

nature of construction projects, claims and disputes are virtually inevitable. They have 

become embedded in the standard operating environment of the industry. However, the 

resolution of such issues is often far from straightforward, demanding a high degree of 

contractual literacy and effective communication among project participants (Do et al., 

2022). A growing body of literature has aimed to analyze the frequency, typology, and root 

causes of construction claims to enhance dispute avoidance strategies. 

 

Seminal studies, such as that of Diekmann and Nelson (1985), who reviewed 427 

claims, identified project owners as a primary source of contract modifications and change 

en by 

26 distinct causes, establishing a foundational typology of claim dynamics. In his more 

recent work, Zaneldin (2020) reinforced that project changes and delays remain the most 
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dominant causes of construction claims today. Chaphalkar and Sandbhor (2015), through an 

analysis of 419 claims, found that variation orders were the most prevalent, followed by 

claims for extra work and cost escalation. 

 

Understanding the root causes of claims is critical not only for dispute resolution but 

also for dispute avoidance. As Younis et al. (2008) argue, effective early identification of 

risks linked to unresolved claims enhances both preventative and mitigative strategies. 

Likewise, Ren et al. (2003) stress the importance of proactive measures aimed at avoiding 

disputes by analyzing claims trends to formulate targeted resolutions before they escalate 

into formal conflicts. The process of dispute resolution itself is notoriously time-consuming 

and costly. In response, researchers and practitioners alike have called for innovative 

approaches that align with the intent of contract parties and ensure compliance with 

obligations.  

 

A report by McKinsey & Company (2017) revealed that construction lags behind other 

industries in technology adoption. A later report (McKinsey & Company, 2020) further 

noted that while digital transformation has enhanced productivity across industries by an 

average of 3.6%, the construction industry's productivity gains have stagnated at just 1% 

over the past two decades. These findings underscore a vast, untapped potential for 

digitalization within the construction industry. 

 

A key area for digital innovation is contract management, which encompasses an array 

of interrelated tasks and considerable risk exposure (Greenhalgh, 2016). Effective contract 

administration requires coordination among multiple stakeholders across diverse project 

functions, including payments, procurement, and supply chain management. However, in 

the absence of integrated and secure data management systems, navigating these 

complexities becomes particularly challenging. Das et al. (2022) emphasize that industries 

such as healthcare, finance, and education have successfully addressed similar challenges 

through the implementation of blockchain-enabled platforms. Drawing from these 

industries, construction can likewise harness blockchain technology to create more reliable, 

collaborative, and efficient contract management processes. 
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The introduction of blockchain technology into these processes offers promising 

opportunities for mitigating the causes of such claims. It is anticipated that blockchain 

implementation will differentially impact claim occurrences depending on the type of 

payment method applied. For instance, Rugina (2021) highlights that blockchain's ability to 

enforce contractual terms transparently and immutably has the potential to substantially 

reduce disputes among parties by minimizing ambiguity and enhancing trust. Research 

indicates that improvements in contractual mechanisms and their digital transformation can 

lead to notable benefits. Specifically, advancements in contract management and digital 

integration are projected to yield up to 7% cost savings and a 10% increase in productivity 

McKinsey & Company (2017). These performance gains could translate into more efficient 

handling, or even prevention, of construction claims, thereby enhancing overall project 

delivery. 

 

2.4.  Application Areas of Blockchain Technology 

 

Blockchain technology has been extensively adopted in various industries beyond 

construction, particularly in banking, healthcare, energy, and real estate. In the banking 

industry, blockchain facilitates secure and efficient cross-border payments, reduces reliance 

on intermediaries, and enhances the transparency of financial transactions (Zhang et al., 

2021). It is also used to streamline now your customer  processes and improve anti-money 

laundering compliance through decentralized identity verification systems (Chen et al., 

2020). In healthcare, blockchain supports the secure exchange of electronic health records, 

enhances data privacy, and ensures the integrity of clinical trial data (Azaria et al., 2016). 

-standing issues related 

to data silos and trust. 

 

In the energy industry, blockchain enables decentralized energy trading, allowing 

prosumers to trade excess electricity directly with other users without centralized 

intermediaries (Andoni et al., 2019). This promotes greater efficiency and transparency in 

energy distribution and consumption. Meanwhile, in the real estate industry, blockchain is 

applied to property registration, digital land titling, and smart contracts for automating lease 

agreements and transactions (Li et al., 2019). These applications reduce fraud, enhance 

traceability, and lower administrative costs. Collectively, such implementations demonstrate 
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transparency, automation, and data integrity. 

 

Compared to other industries, the construction industry has been relatively slow in 

adopting blockchain technology, largely due to its fragmented structure, project-based 

nature, and resistance to digital transformation (Perera et al., 2020). While industries like 

banking and healthcare have leveraged blockchain for well-defined and digitized processes, 

the construction industry faces challenges in integrating blockchain due to the lack of 

standardized data formats and interoperability across stakeholders. Moreover, whereas the 

energy and real estate industries have implemented blockchain to support decentralized 

trading and digital asset management, blockchain applications in construction are still in the 

exploratory phase, primarily focused on smart contracts for project delivery, supply chain 

transparency, and digital payment systems (Turk and Klinc, 2017).  

 

The construction industry plays an essential role in national economic development, 

contributing significantly to Gross Domestic Product (GDP) (Ameyaw et al., 2023). Despite 

this, many processes within the industry remain undigitized. The advent of the Construction 

4.0 concept is expected to drive the digital transformation of companies, thus enhancing their 

productivity (Prabhakar et al., 2023). Digitalization is regarded as a strategic response to the 

primary challenges faced by the construction industry, such as low productivity, substandard 

health and safety practices, and frequent disputes and claims (Linderoth, 2017; Lavikka et 

al., 2018). Blockchain technology has recently emerged as a novel digital solution in various 

industries, including construction (Risso et al., 2023). 

 

2.5.  Possible Application Scenarios in Construction Contract Management 

 

As a disruptive technology, blockchain offers substantial opportunities for the digital 

transformation of construction companies (Li et al., 2022). Although its adoption in the 

construction industry is still in the early stages (ARUP, 2019; Rathnayake et al., 2022), 

blockchain is expected to revolutionize construction management practices (Perera et al., 

2020.). Construction contract management practices encompass the involvement of all 

project participants, and the integration of blockchain technology necessitates collaboration 
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among various stakeholders based on the defined use cases. Figure 2.3. has been designed 

to illustrate the stakeholders in construction contract management. 

 

 
 

Figure 2.3. Stakeholders in construction contract management. 

 

In a collaborative ecosystem, every participant in a construction project would be part 

of a blockchain-based network. Each stakeholder would possess an identical copy of the 

blockchain, with records created through consensus and agreement among all parties. 

Implementing such a system is expected to increase trust and foster a more collaborative 

environment among project stakeholders, potentially enhancing project success (Penzes, 

2018). Contract management practices within the construction industry are particularly ripe 

for digitalization. As a crucial aspect of project management, contracts encompass 

interconnected tasks and a wide range of risks (Greenhalgh, 2016). Effective construction 

contract management requires coordination among multiple stakeholders for various 

processes, such as payments and supply chain management. Achieving this coordination is 

challenging without a secure and collaborative information management system (Das et al., 

2022). 
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Blockchain technology facilitates information sharing in a trustworthy, traceable, 

transparent, and storable manner among multiple parties (Penzes, 2018; Elghaish et al., 

2020). These features present an opportunity to integrate blockchain with construction 

contract management practices. Blockchain has the potential to digitalize construction 

contract management and address the issues faced by practitioners. According to the 

literature, the application of blockchain technology in construction contract management 

practices can be categorized into three main areas: payments, supply chain management, and 

information management (Zhang et al., 2023). 

 

2.5.1.  Payment Management 

 

Payments are a crucial component of construction project management. Delays in 

payments often cause a domino effect, generating numerous claims and resulting in project 

schedule delays (Matt, 2020). The existing payment system in the construction industry has 

significant flaws. Typically, the general contractor must first verify the completed work on 

site to apply for an interim payment from the client. Once the client agrees on the progress 

of the completed works, they make the payment to the general contractor, who then disburses 

payments to subcontractors based on their completed work. During these negotiations, 

significant schedule delays occur in terms of the percentage of completed work. 

 

An alternative method, the Project Bank Account (PBA), involves direct payment by 

the client into a PBA, from which funds are automatically transferred to subcontractors and 

other parties. However, PBAs entail high management costs and require staff training 

(Ahmadisheykhsarmast and Sonmez, 2020), making them less attractive to clients (Das et 

al., 2020).  

 

Blockchain technology and smart contracts offer the potential to create an efficient and 

automated payment system for the construction industry. Several authors argue that 

construction contract terms can be embedded into a blockchain-based smart contract system, 

which would then execute automatically (Cecconi, 2020; Hamledari and Fischer, 2021; Li 

and Kassem, 2021). Luo et al. (2019) proposed a semi-automatic payment system, 

suggesting that combining a blockchain-based payment system with BIM could enhance the 

benefits of automation. Wang et al. (2017) noted that a blockchain-based automated payment 



24 
 

system could reduce disputes related to late and unfair payments to subcontractors. 

Ahmadisheykhsarmast and Sonmez (2020) proposed another payment system which enables 

automated payments for both contractors and subcontractors through utilization of smart 

contracts. Figure 2.4. summarizes the proposed automated payment system through 

utilization of blockchain technology and smart contracts.  

 

 
 

Figure 2.4. Automated payment system (Ahmadisheykhsarmast and Sonmez, 2020). 

 

Despite these advantages, several challenges hinder the implementation of a 

blockchain-based automated payment system. First, there is general resistance to change, 

especially with regard to payment-related issues. Second, applying smart contracts to 

complex construction contracts may be difficult and time-consuming (Zhang et al., 2023). 

Furthermore, choosing a suitable currency for payments can be problematic due to 

fluctuations in cryptocurrency. Das et al. (2020) argued that the cost of implementing a 

blockchain-based payment method would be higher than that of traditional payment systems 

 

2.5.2.  Supply Chain Management 

 

Supply chain management is a crucial aspect of project management, involving a 

multitude of stakeholders, such as producers, vendors, warehouses, shippers, distributors, 
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retailers and subcontractors (Zhang et al., 2023). Managing these complex processes 

requires a systematic approach. The primary objectives of supply chain management systems 

are to enhance efficiency and optimize resource use, thereby reducing costs (Qian and 

Papadonikolaki, 2020). 

 

Current supply chain management systems primarily utilize Global Positioning 

System (GPS) and Radio Frequency Identification (RFID) technologies. However, a 

significant issue with these systems is that each stakeholder maintains their own data within 

their respective systems, leading to interoperability problems and fragmented information 

(Wang et al., 2020). This fragmentation makes it challenging to track and share sensitive 

information securely and transparently, often resulting in delays and increased supply chain 

management costs (Tezel et al., 2020). 

 

Blockchain technology offers the potential to improve supply chain management 

processes by providing secure real-time data storage and sharing (Tezel et al., 2020). Wang 

et al. (2020) proposed a blockchain-enabled supply chain management system, and their 

case study demonstrated that blockchain technology facilitated real-time information sharing 

and monitoring. This improved the delivery process of precast components and allowed 

stakeholders to track the causes of disputes. 

 

However, integrating blockchain technology with supply chain management presents 

several challenges. In environments with numerous stakeholders, resistance to change is a 

significant hurdle. Implementing a blockchain-enabled supply chain management system 

requires the participation of all stakeholders. Furthermore, integrating large volumes of GPS 

and RFID data can lead to limited storage capacity and time-consuming data transmission in 

a blockchain-based system (Wan et al., 2020). 

 

2.5.3.  Information Management 

 

Managing information in construction projects is both challenging and critical, 

necessitating meticulous attention. Effective data storage and timely sharing are often 

hindered by poor communication among stakeholders (Zhou et al., 2020). Furthermore, 

concerns about information and data security impede the adoption of digital technologies 
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such as BIM, Geographic Information System (GIS), or IoT within the construction industry 

(Hargaden et al., 2019). 

 

Blockchain technology, with its ability to keep and share transparent and secure 

information, has the potential to address these barriers to information management. 

Integrating a blockchain-based information management system with BIM can offer 

numerous advantages, including privacy, protection, and transparency (Safa et al., 2019). 

This integration can safeguard BIM data from manipulation, which might otherwise lead to 

unresolved claims in the future (Liu et al., 2019; Das et al., 2021). Parn and Edwards (2019) 

argue that a blockchain-based data management system could enhance the security of the 

current common data environment. 

 

Combining blockchain with BIM implementation allows project parties to reliably 

track data creation and modification history, resolving copyright and ownership issues (Turk 

and Klinc, 2017). Furthermore, integrating blockchain and IoT technologies facilitates the 

capture, sharing, and updating of real-time data in a transparent, secure, and accountable 

manner (Elghaish et al., 2021; Lee et al., 2021). 

 

However, several barriers hinder the implementation of blockchain technology in 

information management. Lee et al. (2021) suggest that transaction processing times can be 

prohibitively long, especially when using a public blockchain. Given the large volumes of 

BIM data in construction projects, scalability is also a concern. In addition, because 

construction projects involve sensitive data such as design documentation, financial 

information, and legal contracts, private blockchains are more likely to be used. Nonetheless, 

private blockchains are more vulnerable to hacking if more than half of the users are 

controlled (Yli-Hummo et al., 2016). 

 

2.6.  Blockchain Enabled Construction Contract Management 

 

Blockchain technology has been recognized as a transformative innovation capable of 

significantly impacting global industries, including construction. It serves as an advanced 

database system that facilitates secure, transparent, and immutable information exchange 

among stakeholders. The system operates on predefined rules that ensure data reliability and 
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permanence, offering an innovative approach to managing information within complex 

networks. 

 

Early investigations into blockchain applications in the construction industry revealed 

its potential to enhance information reliability and secure data storage. For instance, Turk 

rity and trust 

among stakeholders. Similarly, Safa et al. (2019) emphasized the integration of blockchain 

with BIM as a means to improve data transparency and sharing efficiency. Despite these 

promising applications, the adoption of blockchain has not yet met anticipated levels, largely 

due to various industry-specific challenges (McNamara and Sepasgozar, 2021). 

 

Studies have explored diverse applications of blockchain, focusing on its integration 

with other digital tools and systems. Das et al. (2022) utilized hyperledger fabric to create a 

prototype for enhancing data integrity in document management systems, evaluating its 

scalability for construction projects. Liu et al. (2024) proposed a BIM-based blockchain 

framework for production management using open BIM standards, while Brandin and 

Abrishami (2024) developed a supply chain management model integrating IoT, BIM, and 

blockchain technologies. These studies illustrate the multifaceted applications of blockchain 

across construction processes. 

 

The literature on blockchain in construction has primarily concentrated on specific 

applications, such as supply chain management, document management, and BIM 

integration. Li et al. (2018) categorized seven distinct use cases, ranging from smart cities 

to construction management. Shojaei (2019) further identified blockchain's potential to 

streamline project development processes and enhance information systems. Notably, 

Rathnayake et al. (2022) conducted a systematic review to investigate blockchain-enabled 

smart contracts, identifying implications like automated payments and logistics 

management. 

 

Numerous studies have identified barriers to blockchain adoption in the construction 

industry. Singh et al. (2023) categorized these obstacles into organizational, technological, 

cultural, legal, security, and governmental factors, emphasizing the fragmented nature of the 

construction industry as a limiting factor. Wu et al. (2022) conducted a comprehensive 
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review to outline technical and non-technical challenges, while Prabhakar et al. (2023) 

explored challenges related to unstructured innovation implementation, particularly in 

integrating blockchain with Artificial Intelligence (AI) and IoT. 

 

While challenges persist, studies have also investigated the drivers and success factors 

for blockchain implementation. Koc and Gurgun (2020) identified key drivers, such as 

conflict and dispute reduction, through a fuzzy framework methodology. Sun et al. (2023) 

provided a systematic review of critical success factors, listing 22 elements essential for 

successful adoption. Moreover, Tezel et al. (2020) employed semi-structured interviews 

with industry experts to conduct a SWOT analysis, presenting a strategic overview of 

blockchain's potential for supply chain applications. 

 

Despite the limited number of studies focusing on practical implementation, a 

significant contribution by Kang et al. (2023) showcases the application of blockchain 

technology in a public infrastructure project, encompassing eleven fundamental construction 

workflows such as scheduling, routine operations, and payment processes. This analysis, 

centered on workflow integration, emphasizes not only the tangible advantages of 

blockchain but also sheds light on key implementation barriers, including organizational 

inertia and the enduring reliance on conventional methods. 

 

A number of prior studies have proposed several frameworks or roadmaps for 

incorporating blockchain technology into the construction industry. For example, Singh et 

al. (2023) developed a phased roadmap organized across five distinct stages for Indian 

construction industry. Similarly, Li and Kassem (2019) proposed a four-stage roadmap 

aimed at preparing the broader industry for the adoption of DLT. More recently, Jayarathna 

et al. (2025) employed the Delphi method through semi-structured interviews to design a 

roadmap that integrates circular economy principles with blockchain to improve 

construction waste management.  

 

Although significant progress has been made, much of the existing research has 

focused on exploratory studies addressing specific blockchain components. Few studies have 

developed systematic frameworks or identified comprehensive performance indicators for 

implementation. This highlights the need for an integrative approach to guide blockchain 
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adoption in the construction industry. Addressing this gap, the current research aims to 

propose a detailed framework and strategic roadmap, providing actionable steps to facilitate 

blockchain integration effectively. 

 

This research makes a substantial contribution to academic discourse by targeting a 

critical gap in the existing body of knowledge namely, the underexplored integration of 

blockchain technology into construction contract management. Although there is a growing 

corpus of literature that investigates blockchain's potential applications within the 

construction industry, these studies often adopt fragmented or limited perspectives. While 

prior works have examined blockchain adoption in isolated contractual functions such as 

payment systems, procurement, or supply chain coordination, there remains a notable 

absence of research that takes a holistic view of blockchain implementation throughout the 

entire contract management lifecycle. 

 

In response to this gap, the present study offers a comprehensive analysis of blockchain 

integration, emphasizing the identification of key critical factors and the intricate 

interdependencies among core constructs that influence implementation outcomes. Unlike 

existing investigations that often neglect the dynamic interactions among organizational, 

technological, and regulatory components, this research systematically unpacks these 

interrelationships. Through this approach, it enhances the understanding of how various 

determinants interact to either facilitate or hinder successful blockchain adoption in the 

contractual context of construction projects. 

 

Moreover, a major novel contribution of this study is the development of a well-

structured and practical implementation roadmap. This roadmap is not only informed by 

empirical data and theoretical grounding but also provides strategic, actionable steps for 

industry practitioners. Its purpose is to guide stakeholders through the complex process of 

integrating blockchain into existing contract management systems, thereby promoting more 

transparent, secure, and efficient project delivery methods. 

 

Critically, this roadmap differs from existing conceptual models by spanning across 

all major phases of implementation, thus ensuring that the proposed guidance is 

comprehensive in scope. Importantly, the framework is context-independent and applicable 
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across various national and organizational settings, which enhances its relevance and 

applicability for both academic inquiry and global industry practice. 

 

By bridging the gap between theory and practice, and by constructing an 

implementation framework enriched with interrelated constructs and strategic insights, this 

study responds to the longstanding need for an integrated approach to blockchain-enabled 

contract management in the construction industry. It therefore serves not only as a scholarly 

advancement but also as a practical tool for transformation in an industry that has 

traditionally lagged in technological innovation. 
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3. METHODOLOGY

The methodology adopted in this research is structured into five distinct phases, which 

are sequentially executed to ensure a thorough and systematic approach: (i) the development 

of a conceptual framework, (ii) the administration of a questionnaire survey, (iii) the analysis 

of the collected data using SEM, (iv) the creation of a strategic roadmap, and (v) the 

validation of the findings through a focus group study, as depicted in Figure 3.1.

Figure 3.1. Flow of the research methodology.

In the first phase, an extensive and detailed review of the existing literature was carried 

out to understand the theoretical and practical foundations of blockchain technology in 

construction contract management. This review provided the necessary background to 

develop a robust framework representing the blockchain implementation process within this 

context. The framework was designed to capture the critical factors influencing the process, 

which were systematically identified and grouped into eight distinct constructs. Each 

construct was carefully defined to represent a significant dimension of the implementation 

process. To explore the interdependencies between these constructs, hypotheses were 

developed to model their interactions and form the basis for subsequent empirical analysis.

The second phase of the methodology focused on designing and conducting a 

comprehensive questionnaire survey. An online survey was chosen as the most effective tool 

for gathering data from a diverse group of stakeholders. The target population consisted of

286 industry professionals and academics with expertise in areas such as digital construction, 
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construction management, and blockchain technology. Recognizing the novelty of 

blockchain within the construction industry, the survey was purposefully designed to avoid 

overly complex or technically demanding questions, ensuring that respondents without 

advanced blockchain knowledge could also provide meaningful input. A purposive sampling 

strategy was employed to select participants with relevant experience and expertise, thereby 

enhancing the reliability of the data collected. The topic's innovative nature generated 

significant interest among the participants, resulting in a strong response rate and yielding a 

total of 155 completed surveys. 

 

The third phase involved the rigorous analysis of the survey data using SEM, 

implemented through IBM  (SPSS) analysis of 

moment structures AMOS software. SEM was selected for its ability to simultaneously 

examine complex relationships between observed and latent variables. This phase included 

both direct and indirect relationship analyses among the variables, as well as extensive 

validity testing to ensure the robustness and reliability of the findings. The analysis provided 

critical insights into the factors driving blockchain adoption and their interactions within the 

broader framework. 

 

Building on these insights, the fourth phase was dedicated to the development of a 

strategic roadmap aimed at guiding blockchain implementation in construction contract 

management. This roadmap was designed to be actionable, offering detailed and specific 

recommendations tailored to different stakeholder groups. The recommendations were 

categorized based on the roles and responsibilities of various action groups, providing a clear 

pathway for implementing blockchain technology effectively within the industry. 

 

The fifth and final phase involved the validation of the research findings through a 

structured focus group study. This study was conducted as a two-hour session with a 

carefully selected panel of experts, each possessing substantial knowledge and experience 

related to blockchain technology and its application in construction. The focus group 

discussion provided an opportunity to critically evaluate the strategic roadmap and the 

overall findings of the study. Feedback from the participants was instrumental in refining 

the recommendations and ensuring their practical applicability. 
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This multi-phase approach combines qualitative and quantitative research 

methodologies which reflects a comprehensive and iterative approach to addressing the 

research objectives, combining theoretical development, empirical investigation, and 

practical validation to produce a robust and actionable roadmap for blockchain integration 

in construction contract management.  

 

3.1.  Development of the Initial Framework 

 

The proposed framework was developed to holistically capture the process of 

blockchain implementation in construction contract management by encompassing three 

distinct phases: pre-implementation, implementation, and post-implementation. Within each 

phase, critical factors influencing blockchain integration were identified and organized into 

eight constructs: motivations, technological readiness, advanced technologies, emerging 

management methods, contractual process improvements, communication process 

improvements, short-term outcomes, and long-term outcomes.  

 

In the pre-implementation phase, motivations refer to the driving forces and key 

enablers that stimulate interest and commitment toward adopting blockchain applications. 

Technological readiness pertains to factors associated with the maturity and preparedness of 

blockchain technologies, such as technical infrastructure and capability. These constructs set 

the foundational conditions necessary for blockchain implementation. 

 

During the implementation phase, two constructs focus on the practical mechanisms 

enabling blockchain adoption. Advanced technologies represent widely utilized digital tools 

and platforms, such as cloud computing and IoT, that facilitate the integration of blockchain 

systems. Similarly, emerging management methods encompass contemporary management 

practices, such as agile and lean approaches, that act as enablers for blockchain applications. 

Contractual process improvements highlight specific ways in which blockchain can 

streamline and enhance the management of contractual agreements, while communication 

process improvements focus on expected advancements in information exchange and 

correspondence mechanisms enabled by blockchain's transparency and efficiency. 
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The post-implementation phase captures the impacts of blockchain integration. Short-

term outcomes reflect the immediate effects observed following implementation, such as 

efficiency gains, cost savings, or enhanced trust among stakeholders. Meanwhile, long-term 

outcomes represent the broader and sustained impacts of blockchain adoption, including 

structural changes, improved collaboration, and enhanced industry competitiveness over 

time. 

 

The initial framework postulates specific relationships between these constructs, 

hypothesizing that each construct exerts a direct and positive influence on another. These 

relationships, derived from a thorough literature review, are visually depicted in the 

framework using arrows that represent the corresponding hypotheses. This interconnected 

structure highlights the dynamic and interdependent nature of blockchain implementation, 

providing a comprehensive roadmap for understanding its integration within construction 

contract management. 

 

3.1.1.  Hypotheses Development 

 

To examine the relationships between the constructs within the proposed framework, 

ten hypotheses were developed, each supported by a detailed rationale drawn from existing 

literature. These hypotheses establish the foundation for exploring the interconnections and 

influence pathways among key factors in blockchain adoption for construction contract 

management. The rationale for each hypothesis is as follows: 

 

H1: Motivations  have a direct and positive effect on ontractual Process 

Improvements  

 

Motivational factors serve as essential catalysts for the adoption of innovative 

technologies, particularly in traditionally conservative industries such as construction. 

Ozorhon (2013) conceptualized motivations as key enablers in the innovation lifecycle, 

emphasizing their centrality in overcoming inertia and resistance to change. In the context 

of blockchain adoption, Li et al. (2022) underscored how intrinsic and extrinsic motivations, 

ranging from organizational innovation strategies to external regulatory pressures, directly 

influence the intent to implement blockchain solutions. Obidallah et al. (2024), through a 
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technology acceptance model, further validated that motivational factors, such as perceived 

usefulness and strategic alignment, are among the most significant predictors of blockchain 

uptake. Wen et al. (2025) identified the lack of motivational impetus as a primary barrier in 

bridging the digitalization gap in the construction industry, while Prabhakar et al. (2023) 

highlighted financial motivation, particularly related to initial capital requirements, as a 

critical determinant for blockchain implementation success. These findings collectively 

affirm that well-aligned motivational drivers significantly enhance the efficiency and 

transparency of contractual processes in the construction industry. 

 

H2: Technological Readiness  has a direct and positive effect on ontractual 

Process Improvements  

 

Technological readiness encompasses the availability, maturity, and integration 

capacity of technologies within an organizational or industry-wide context. The adoption of 

blockchain in the construction industry is highly contingent upon such readiness. Singh et 

al. (2023) identified technological immaturity, including inadequate infrastructure and 

interoperability limitations, as a substantial impediment to blockchain integration. Li et al. 

(2018) emphasized that the presence of a supportive regulatory ecosystem and standardized 

frameworks is indispensable for unlocking the contractual efficiencies offered by distributed 

ledger technologies (DLT). Ameyaw et al. (2023) posited that the proliferation of successful 

case studies enhances technological readiness by providing replicable implementation 

models. Furthermore, Msawil et al. (2022) argued that resolving legal and compliance 

-based 

contractual innovations. Hence, higher levels of technological readiness directly support the 

transformation of contract management practices across the construction industry. 

 

H3: Advanced Technologies  have a direct and positive effect on ontractual 

Process Improvements  

 

The convergence of blockchain with advanced technologies such as BIM, AI, IoT, and 

RFID significantly amplifies its transformative potential within the construction industry. 

The Institution of Civil Engineers (2018) reported that BIM-blockchain integration can 

enhance transparency, accountability, and data integrity in contractual processes. Adel et al. 
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(2022) illustrated that AI integrated within blockchain ecosystems facilitates smart contract 

automation and predictive analytics, thereby enhancing contractual efficiency. Ciotta et al. 

(2021) emphasized the combined utility of RFID and blockchain in improving asset tracking 

and project oversight. Additionally, Sun et al. (2023) demonstrated how big data analytics 

supports blockchain by enabling real-time information governance and risk anticipation. 

Collectively, these technologies act synergistically to modernize and streamline contractual 

workflows in the construction industry. 

 

H4: Emerging Management Methods  have a direct and positive effect on 

ontractual Process Improvements   

 

Innovative management methods, such as IPD, lean construction, and agile 

frameworks, play a crucial role in facilitating the implementation of blockchain technologies 

in contractual contexts. Dounas et al. (2021) observed that IPD, which prioritizes trust and 

decentralization and transparency. Tezel et al. (2022) highlighted a mutual reinforcement 

between lean construction and blockchain, wherein lean principles improve efficiency and 

blockchain ensures traceability and collaboration. The Institution of Civil Engineers (2018) 

advocated for the adoption of agile strategies to remain competitive amidst digital 

transformation. Pinna et al. (2020) further argued that agile methodologies are effective in 

guiding the development of blockchain-based solutions. These emerging management 

methods establish a robust foundation for reconfiguring traditional contractual practices 

across the construction industry. 

 

H5: Advanced Technologies  have a direct and positive effect on ommunication 

Process Improvements   

 

The deployment of advanced digital technologies, constitutes a critical enabler of 

effective communication across all stages of construction projects. These technologies 

facilitate real-time data exchange, reduce information asymmetry, and ensure consistency in 

project documentation. Karacigan et al. (2023) asserted that BIM enables seamless 

collaboration by providing a shared data environment accessible to all stakeholders, thereby 

eliminating traditional communication bottlenecks. Ozorhon (2013) linked technological 
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innovation to enhanced inter-organizational communication and strategic alignment. Wu et 

al. (2022) demonstrated that IoT-enabled devices support automated data transmission, 

increasing the frequency, accuracy, and reliability of communication. Similarly, Gao et al. 

(2024) emphasized that integrating RFID, IoT, and BIM fosters a digitally connected 

ecosystem, enabling synchronized information flow among dispersed project teams. The 

convergence of these technologies thus acts as a digital infrastructure that significantly 

elevates communication processes within the construction industry. 

 

H6: Contractual Process Improvements  have a direct and positive effect on 

ommunication Process Improvements   

 

Improvements in contractual processes, particularly through the integration of 

blockchain technologies, play a significant role in optimizing communication within 

construction projects. Transparent, standardized, and automated contract administration 

reduces ambiguity, mitigates conflict, and enhances clarity in stakeholder interactions. 

Zhang et al. (2023) found that blockchain-driven contract management improves 

information traceability, fosters trust, and facilitates the real-time validation of contractual 

obligations. Gurgun et al. (2022) emphasized that immutable and transparent records support 

traceability, which is vital for consistent communication. Silva et al. (2024) emphasized the 

role of immutable records in ensuring the integrity and verifiability of shared information. 

These enhancements lead to more predictable and efficient communication channels, which 

are foundational to effective collaboration and decision-making in complex construction 

environments. Thus, optimized contractual processes act as a communication backbone, 

reinforcing transparency and operational coordination across project actors. 

 

H7: Emerging Management Methods  have a direct and positive effect on 

ommunication Process Improvements   

 

Emerging management approaches fundamentally reshape the communication culture 

within construction projects by promoting collaboration, shared responsibilities, and 

continuous feedback loops. Ozorhon et al. (2022) demonstrated that agile practices facilitate 

open and iterative communication cycles, which improve responsiveness to change and 

stakeholder engagement. Liu et al. (2023) emphasized that IPD fosters a relational contract 
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environment, wherein communication is both structured and trust-based, enabling the 

proactive resolution of issues. Kifokeris and Tezel (2023) underscored how lean principles 

encourage daily communication rituals that enhance situational awareness and team 

alignment. These management methods institutionalize communicative routines and cultural 

norms that are critical for navigating the complexities of modern construction projects. 

Therefore, the adoption of these innovative management frameworks leads to substantial 

improvements in both the frequency and quality of communication processes. 

 

H8: Communication Process Improvements  have a direct and positive effect on 

hort-term Outcomes   

 

Enhanced communication processes are a decisive factor in realizing short-term 

project efficiencies, including faster decision-making, reduced rework, improved 

coordination, and timely task completion. Blockchain-based systems, which underpin 

improved communication, contribute to operational transparency, expedited information 

flow, and consensus-building among stakeholders. Zhang et al. (2023) identified that 

effective communication facilitated by blockchain minimizes payment delays and enhances 

supply chain coordination. Xu et al. (2023) emphasized that consistent and accurate 

information sharing reduces the risk of miscommunication, dispute escalation, and schedule 

slippage. Li et al. (2018) asserted that blockchain-driven communication infrastructure 

streamlines workflow management, directly impacting cost, time, and quality metrics. 

Improved communication enhances project responsiveness and resilience during early 

execution phases, yielding measurable short-term benefits that align with project 

performance goals. 

 

H9: Communication Process Improvements  have a direct and positive effect on 

ong-term Outcomes   

 

Robust communication systems not only yield immediate advantages but also create 

the institutional conditions necessary for sustained long-term value creation. Effective 

communication promotes organizational learning, strategic alignment, and digital innovation 

over extended time horizons. Ye et al. (2022) demonstrated that blockchain-enabled 

communication, via smart contracts and transparent data exchanges, cultivates a culture of 
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collaboration and accountability that reduces disputes and enhances project continuity. 

Ozorhon et al. (2015) and Kifokeris and Tezel (2023) argued that consistent knowledge 

sharing and cross-organizational communication are critical enablers of innovation diffusion 

and digital transformation in construction. Qian and Papadonikolaki (2020) further 

highlighted the role of transparent communication in informed decision-making and 

stakeholder trust-building. Therefore, improvements in communication processes extend 

beyond project-level interactions to influence broader organizational capabilities and 

industry-wide digital maturity, serving as a cornerstone for long-term competitive 

advantage. 

 

H10: Short-term Outcomes  have a direct and positive effect on ong-term 

Outcomes   

 

Short-term project gains function as critical precursors to sustainable long-term 

outcomes. These immediate results accumulate over time, contributing to organizational 

learning, strategic resilience, and reputation building. Caglayan and Ozorhon (2023) asserted 

that repeated short-

complexity, thereby enhancing its long-term positioning in the industry. Karacigan et al. 

(2023) confirmed that BIM-enabled short-term benefits, such as improved coordination and 

information quality, lay the foundation for enduring operational excellence. Safa et al. 

(2019) argued that blockchain supports long-term knowledge retention and innovation 

scaling by enabling secure data repositories and traceable workflows. Thus, the 

compounding effect of short-term improvements creates a reinforcing feedback loop that 

facilitates long-term strategic transformation, resilience, and industry leadership. 

 

These hypotheses collectively provide a theoretical foundation for exploring the 

interactions among the constructs within the blockchain implementation framework, 

offering valuable insights into the mechanisms driving its adoption and impact in 

construction contract management. The developed framework is illustrated in Figure 3.2. 
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Figure 3.2. Initially developed framework. 

 

3.1.2.  Determination of the Critical Factors 

 

To identify and refine the factors influencing blockchain adoption in the construction 

industry, an initial list was curated through an extensive review of the existing literature. 

This preliminary framework was subsequently validated and refined through consultations 

with three academic experts and two experienced industry professionals. Their insights led 

to modifications such as the elimination of redundant factors, reclassification of some 

elements, and consolidation under new, more coherent categories. The result was a 

streamlined and well-structured final list that better reflects the practical and theoretical 

considerations surrounding blockchain implementation.  

 

3.1.2.1.  Motivations. A total of six factors have been categorized under motivations cluster 

as below. 

i. Competence of Project Staff (MT1): MT1 pertains to the level of technical expertise 

in blockchain possessed by the project team and the organization as a whole. 

According to Ozorhon et al. (2015), having sufficient engineering competence is a 

critical determinant for the successful implementation of innovative technologies 

within an organization. This perspective is supported by Sharma and Kumar (2020), 

who assert that a lack of blockchain knowledge can present significant challenges in 

its adoption, potentially leading to reduced stakeholder engagement and 

demotivation. Consequently, enhancing the technical capabilities of project staff is 
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essential to overcome these barriers and ensure a smoother transition to blockchain 

integration. 

 

ii. Willingness of Project Parties (MT2): MT2 reflects the level of enthusiasm 

demonstrated by all stakeholders toward the adoption of blockchain technology. Li 

and Kassem (2019) recommend establishing a dedicated task force for blockchain 

adoption, consisting of members from diverse project groups. Successful 

implementation hinges on the active involvement of all project parties, fostering a 

decentralized or distributed network that optimizes the potential benefits of 

blockchain technology (Li and Kassem, 2021). This collective engagement is crucial 

for driving innovation and aligning project goals with the broader vision of 

blockchain adoption. 

 

iii. 

accumulated knowledge and practical experience with digital construction 

applications, specifically in relation to blockchain technology. Ozorhon et al. (2015) 

advancements significantly influences its capacity to adopt new innovations. 

experience with digitalization plays an important role in shaping its willingness to 

integrate blockchain, underscoring the importance of learning from past 

technological implementations to navigate the challenges of adoption effectively. 

 

iv. Top Management Support (MT4): MT4 emphasizes the critical role of top 

management in providing unwavering support for the adoption of blockchain 

technology. Obidallah et al. (2024) identify management support as a key 

motivational factor that helps mitigate resistance to change during the 

implementation process. Furthermore, Li et al. 

active involvement is essential within the organizational framework to facilitate the 

successful adoption of blockchain within the construction industry. This leadership 

is necessary to guide and align organizational efforts, ensuring a smooth transition to 

innovation. 
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v. Budget and Investments (MT5): MT5 refers to the allocation of financial resources 

for the integration of blockchain technology within construction projects. Tezel et al. 

(2020) highlight that substantial investment is required to harmonize existing legacy 

digital systems with blockchain, presenting a challenge that often hinders adoption. 

Similarly, Prabhakar et al. (2023) emphasize that insufficient initial funding is a 

significant barrier to the successful implementation of blockchain applications. 

Adequate financial support is therefore critical for overcoming these obstacles and 

fostering innovation in digital construction practices. 

 

vi. Competitive Pressure (MT6): MT6 illustrates the level of industry competition 

driving the adoption of blockchain technology, as well as the expectation of gaining 

a competitive advantage from its implementation. Fernando et al. (2021) suggest that 

intense industry rivalry compels organizations to adopt innovative solutions to 

maintain their competitive edge and ensure sustained relevance. Additionally, Li et 

al. (2022) have developed a framework that underscores competitive pressure as a 

pivotal environmental factor influencing blockchain adoption, highlighting how 

market dynamics shape the urgency for technological advancement. 

 

3.1.2.2.  Technological Readiness. A total of six factors have been categorized under 

technological readiness cluster as below. 

i. 
understanding and perception of blockchain technology. Singh et al. (2023) 

identified limited industry awareness as a significant barrier to blockchain adoption, 

noting that insufficient knowledge regarding its potential hinders efforts to enhance 

productivity through technological integration. Similarly, Forcael et al. (2020) 

argued that the construction industry struggles to capitalize on innovative 

technologies due to a lack of awareness, which prevents firms from recognizing the 

 

 

ii. Availability of Guidelines and Standards (TR2): TR2 pertains to the development of 

industry-wide frameworks that provide guidance for blockchain implementation. 

Singh et al. (2023) underscored the necessity of structured guidelines to support 
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informed decision-making and mitigate challenges associated with blockchain 

adoption. Caglayan and Ozorhon (2023) further emphasized that the presence of 

advancements, reducing uncertainty and enhancing the feasibility of blockchain 

implementation. 

 

iii. Applicability of Technology (TR3): TR3 reflects the adequacy of technical 

infrastructure and the interoperability of blockchain with other technologies within 

the construction industry. Li et al. (2018) identified interoperability as a critical 

challenge for blockchain adoption, stressing the need for compatible systems to 

ensure seamless integration. Li et al. (2022) also pointed out that the technical 

compatibility of blockchain systems with existing infrastructures is a fundamental 

concern, requiring careful planning to ensure successful implementation. 

 

iv. Availability of Benchmarks (TR4): TR4 refers to the presence of exemplary case 

studies and success stories that provide organizations with valuable insights into 

effective blockchain implementation. Ameyaw et al. (2023) emphasized the 

importance of case studies in identifying potential challenges, fostering trust, and 

guiding firms toward replicating successful blockchain applications. These 

benchmarks serve as educational tools, helping organizations navigate blockchain 

adoption by learning from proven experiences. 

 

v. Feasibility of Pilot Trials (TR5): TR5 denotes the ease of conducting pilot projects 

that serve as a precursor to broader blockchain adoption. Li et al. (2022) identified 

trialability as a critical factor, highlighting the value of small-scale trials for 

et al. 

(2023) further noted that pilot trials allow organizations to test blockchain in real-

world settings, providing crucial feedback to refine its implementation before wider 

deployment. 
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vi. Convenience of Legal Infrastructure (TR6): TR6 refers to the alignment of 

blockchain technology with legal frameworks and regulatory requirements in the 

construction industry. Li and Kassem (2019) emphasized that legal uncertainties pose 

a major obstacle to blockchain adoption, particularly in areas such as contract 

management and compliance. Msawil et al. (2022) further supported this view, 

arguing that overcoming legal challenges is essential to enable blockchain-based 

solutions in contract management and other key applications. 

 

3.1.2.3.  Advanced Technologies. A total of seven factors have been categorized under 

advanced technologies cluster as below. 

i. Building Information Modeling (BIM) (AT1): BIM refers to a digital modeling 

technology that integrates a comprehensive database containing project-related 

information, encompassing both the physical and functional characteristics of 

structures. Celik et al. (2023) highlighted that the integration of BIM with blockchain 

significantly improves the sharing of documents and project-related information, 

thereby amplifying the overall benefits of BIM. Ciotta et al. (2021) further 

emphasized that the combination of BIM and blockchain has become a central focus 

in current research, contributing to the advancement of more efficient and transparent 

project workflows. 

 

ii. Geographic Information System (GIS) (AT2): GIS is a computer-based system 

designed to collect, analyze, and visualize geospatial data related to construction 

projects. Yoon and Pishdad-Bozorgi (2022) suggested that integrating blockchain 

with GIS facilitates the efficient collection and sharing of logistical data, thus 

streamlining supply chain operations and improving the accuracy of spatial data 

management in construction projects. 

 

iii. Internet of Things (IoT) (AT3): IoT refers to a network of interconnected devices 

that facilitate the exchange of data among systems. Li et al. (2019) highlighted the 

potential for significant improvements by integrating blockchain with IoT, 

particularly in enhancing data transparency and security in construction projects. 
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Heiskanen (2017) and Wu et al. (2022) further pointed out that the combination of 

IoT and blockchain can optimize productivity by enabling more reliable data 

collection, monitoring, and automation of various construction processes. 

 

iv. Radio Frequency Identification (RFID) (AT4): RFID utilizes radio waves to detect 

and identify tagged objects, providing real-time tracking capabilities. Lanko et al. 

(2018) introduced a framework for integrating RFID with blockchain, arguing that 

this combination enhances logistics management by improving the accuracy and 

traceability of supply chain operations. Ciotta et al. (2021) also highlighted RFID 

and blockchain integration as a prominent topic within existing research, 

emphasizing its role in enhancing operational efficiency. 

 

v. Artificial Intelligence (AI) (AT5): AI involves the simulation of human intelligence 

in machines designed to mimic cognitive functions. Adel et al. (2022) proposed that 

decentralizing AI applications via blockchain represents a critical step toward 

advancing construction technologies. Li et al. (2018) further emphasized that 

combining AI with blockchain and smart contracts enables the automation, 

certification, and verification of complex processes, resulting in more efficient and 

high-quality outcomes. 

 

vi. Big Data (AT6): Big Data refers to the analysis of large, complex datasets to identify 

patterns and correlations that support data-driven decision-making. Li et al. (2022) 

noted that large construction firms are increasingly leveraging big data analytics to 

gain a competitive advantage, which also facilitates the adoption of blockchain 

technology. Sun et al. 

in supporting blockchain-based solutions in the construction industry by enhancing 

data management and driving innovation. 

 

vii. Robotics (AT7): Robotics refers to machines that perform tasks traditionally carried 

out by humans, often operating autonomously. The adoption of construction robotics 
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has become increasingly prevalent, with many large firms conducting pilot projects. 

Robotics plays a key role in data capture, generating large volumes of real-time 

progress data that can be securely stored and shared within decentralized blockchain 

networks. Ye et al. (2022) noted that robotics, along with blockchain-enabled smart 

contracts, enhances project processes by facilitating data transparency and 

automation. 

 

3.1.2.4.  Emerging Management Methods. A total of three factors have been categorized 

under emerging management methods cluster as below. 

i. Lean Construction (EM1): Lean construction is a project delivery methodology 

centered on maximizing stakeholder value while minimizing waste through 

optimized processes. Tezel et al. (2022) examined the intersection of lean 

construction and blockchain, proposing a conceptual framework that identifies 22 

key points of interaction between the two concepts. Kifokeris and Tezel (2023) 

further noted that lean construction principles particularly in areas such as 

management, procurement, and toolsets can facilitate the integration of blockchain 

technology by promoting efficiency, reducing waste, and fostering collaboration. 

 

ii. Integrated Project Delivery (IPD) (EM2): IPD is a collaborative approach that brings 

together people, systems, business structures, and practices to form a unified process. 

Hall et al. (2022) argued that blockchain technology has the potential to transform 

the construction industry by enabling Industry 4.0-compliant IPD applications. 

Kifokeris and Tezel (2023) further emphasized that blockchain can enhance trust and 

transparency in multi-party collaborations, which are characteristic of IPD systems, 

ultimately leading to more streamlined and efficient project execution. 

 

iii. Agile Construction (EM3): Agile construction is a project management approach 

focused on adaptability, collaboration, and continuous improvement to respond to 

dynamic project environments. Institution of Civil Engineers (2018) highlighted that 

blockchain is integral to the digital transformation of the construction industry, 

necessitating agile strategic thinking to remain competitive. Pinna et al. (2020) 
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advocated for the use of agile methodologies in designing blockchain-enabled 

software systems, emphasizing their role in fostering flexibility and rapid response 

to technological advancements. Ozorhon et al. (2022) also reinforced that adopting 

for successfully integrating emerging technologies like blockchain. 

 

3.1.2.5.  Contractual Process Improvements. A total of six factors have been categorized 

under contractual process improvements cluster as below. 

i. Automated Progress Tracking (CT1): CT1 involves the use of blockchain-based data 

infrastructures to track construction progress on-site automatically. Hamledari and 

Fischer (2020) conducted a comprehensive case study that demonstrated how 

integrating robotics and BIM with blockchain-enabled smart contracts enhances real-

time progress tracking. The study emphasized that data collected during construction 

is timestamped and securely stored on a blockchain, ensuring its immutability and 

preventing unauthorized modifications by stakeholders. This feature improves the 

accuracy and reliability of project monitoring, offering enhanced transparency and 

reducing the potential for data discrepancies or manipulation. 

 

ii. Automated Payment (CT2): CT2 refers to the automation of monthly progress 

payments to contractors and subcontractors via blockchain-based transaction 

systems. In the case study by Hamledari and Fischer (2020), payments were executed 

automatically based on the recorded progress data, ensuring that payments were 

made efficiently and without delays. Smart contracts with predefined conditions 

facilitated seamless payment transfers to the appropriate contractors or 

subcontractors, eliminating the need for manual intervention and reducing financial 

bottlenecks. This automation improves cash flow and reduces administrative 

overhead, enhancing overall payment efficiency and accuracy. 

 

iii. Automated Material Tracking (CT3): CT3 pertains to the use of blockchain-based 

data infrastructures to track materials across the entire construction supply chain. 

Blockchain ensures secure and accurate tracking of materials, from raw material 
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sources to factories, vendors, subcontractors, contractors, and project sites (Shojaei, 

reliable platform for supply chain management enhances the accuracy and 

transparency of material tracking. By preventing discrepancies and ensuring secure 

data transmission, blockchain helps improve inventory management and reduces 

delays in material procurement, ultimately leading to more efficient project 

execution. 

 

iv. Improved Vendor Management (CT4): CT4 refers to streamlining the payment and 

transaction processes for vendors within a construction supply chain through 

blockchain-based systems. Nanayakkara et al. (2021) emphasized that blockchain 

technology reduces project delays caused by vendor-related issues by providing a 

transparent and efficient mechanism for vendor management. Blockchain-integrated 

supplier management systems enable vendors to showcase certifications and 

credentials, facilitating trust-based transactions without the need for traditional forms 

of verification. This reduces administrative burdens and enhances vendor 

accountability, contributing to smoother project operations. 

 

v. Improved Data Management (CT5): CT5 signifies the secure and transparent storage 

and sharing of project data using blockchain-based infrastructures. Cheng et al. 

(2021) highlighted that data management is a critical area where blockchain offers 

substantial benefits, particularly in the construction industry. Hijazi et al. (2021) 

further demonstrated, through a case study, that storing BIM data on a blockchain 

network enhances the efficiency and accuracy of project data management. This not 

only ensures data integrity but also facilitates real-time access to accurate 

information, improving decision-making, collaboration, and reducing errors. 

 

vi. Improved Change Management (CT6): CT6 refers to the use of blockchain-based 

systems to manage design changes efficiently, ensuring transparency and traceability 

throughout the project lifecycle. Ernst & Young (2018) noted that blockchain-

enabled smart contracts reduce uncertainties related to project scope, allowing for 
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more effective resolution of change orders and claims. This improvement in change 

management practices helps enhance project efficiency by ensuring that all 

stakeholders have access to real-time, verifiable data, reducing conflicts and delays 

associated with design modifications. 

 

3.1.2.6.  Communication Process Improvements. A total of seven factors have been 

categorized under communication process improvements cluster as below. 

i. Advanced Data Traceability (CM1): CM1 primarily focuses on supply chain 

management and logistics, but its scope extends beyond these areas to include 

various phases of project development, such as design modifications, as-built 

documentation, manufacturer details, installation records, and scheduled 

maintenance or replacements (Li et al., 2020). Gurgun et al. (2022) suggest that 

blockchain technology significantly enhances traceability in construction projects by 

providing an immutable and transparent record that ensures the integrity of 

information across the entire lifecycle of a project. 

 

ii. Advanced Data Reliability (CM2): CM2 pertains to the accuracy, consistency, and 

trustworthiness of information exchanged among project stakeholders. Blockchain 

technology creates a secure and trustworthy environment for data exchange, fostering 

reliability in project information (Silva et al., 2024). Tezel et al. (2020) further argue 

that decentralized autonomous organizations powered by blockchain offer reliable 

mechanisms for conducting transactions and managing information, reducing the 

likelihood of discrepancies and inaccuracies. 

 

iii. Advanced Data Consistency (CM3): CM3 emphasizes the uniformity and 

synchronization of data across various systems and databases, ensuring that all 

instances of data are identical. The decentralized nature of blockchain guarantees that 

participants maintain immutable and synchronized records, contributing to data 

consistency within construction projects (Penzes, 2018). Blockchain-based 

applications ensure that shared data remains accurate and consistent, reducing 

potential conflicts due to differing data versions (Xu et al., 2023). 
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iv. Enhanced Information Transparency (CM4): CM4 is critical for fostering trust 

among stakeholders by ensuring the availability and accessibility of relevant 

information to all parties involved. The decentralized structure of blockchain 

technology enhances information transparency by providing a shared, immutable 

record accessible to all stakeholders, facilitating more effective communication and 

decision-making (Rathnayake et al., 2022). 

 

v. Enhanced Information Security (CM5): CM5 refers to the protection of project data 

from unauthorized actions such as modification, disruption, or unauthorized access. 

Blockchain technology enhances information security by establishing secure, 

decentralized systems that prevent data tampering and unauthorized access 

(Nanayakkara et al., 2021). Gurgun et al. 

securing payment transactions adds another layer of security, reducing the risk of 

fraudulent activities. 

 

vi. Improved Trust Among Stakeholders (CM6): CM6 is essential as trust plays a crucial 

role in reducing disputes and fostering smoother project processes. The decentralized 

and distributed nature of blockchain technology addresses trust-related challenges by 

offering transparent, verifiable, and immutable records, thereby enhancing 

stakeholder trust compared to conventional systems (Nanayakkara et al., 2021). 

 

vii. Improved Collaboration Among Stakeholders (CM7): CM7 focuses on the 

importance of collaboration among project stakeholders, which is vital for the 

successful implementation of innovative technologies. Blockchain technology 

supports enhanced collaboration by facilitating real-time communication and 

establishing robust, transparent networks. Silva et al. (2024) argue that blockchain 

improves collaborative communication within projects, while Dounas et al. (2021) 

highlight its role in enhancing design collaboration within BIM environments. 
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3.1.2.7.  Short Term Outcomes. A total of six factors have been categorized under shoert 

term outcomes cluster as below. 

i. Reduced Number of Claims and Disputes (SO1): The construction industry has long 

grappled with the challenge of numerous claims, which often escalate into disputes 

if left unresolved, impacting project efficiency and stakeholder relationships 

(Rugina, 2021). Blockchain technology offers a promising solution for reducing such 

claims and disputes by enabling greater transparency, traceability, and automated 

processes (Gupta and Jha, 2023). Hamledari and Fischer (2021) further emphasize 

xtends to construction law informatics, dispute resolution, 

and enhancing overall contractual performance, thereby reducing the likelihood of 

claims and disputes. 

 

ii. Eliminated Payment Issues (SO2): Payment disputes have historically posed 

significant challenges within the construction industry, often leading to project 

delays and financial conflicts. Blockchain technology, through the automation of 

payment systems and smart contracts, offers a means to resolve such disputes 

efficiently (Hamledari and Fischer, 2021). Gupta and Jha (2023) also propose that 

blockchain-based automated payment systems can ensure timely and secure 

payments, reducing the occurrence of payment-related conflicts. 

 

iii. Reduced Risks (SO3): Minimizing risks is critical for stakeholders in construction 

projects, and blockchain technology plays a significant role in this regard by 

facilitating the sharing of risks and enabling risk mitigation through smart contracts 

(Silva et al., 2024). According to Rathnayake et al. (2022), the adoption of 

blockchain-based systems helps reduce risks across the network, contributing to 

greater confidence among project participants and improving overall project 

outcomes. 

 

iv. Accelerated Project Schedule (SO4): Timely project completion is a key 

performance indicator in the construction industry, and blockchain-enabled smart 

contracts offer mechanisms to automate workflows and expedite processes 
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(Rathnayake et al., 2022). Li et al. (2018) further suggest that blockchain enhances 

workflow efficiency, which contributes to reduced project timelines and improved 

schedule performance. 

 

v. Reduced Costs (SO5): Although the initial investment required for blockchain 

adoption may be significant, its long-term benefits in process automation and 

efficiency lead to substantial cost savings (Li et al., 2022). Blockchain reduces 

transaction costs by eliminating the need for intermediaries, thus reducing overhead 

and fostering financial efficiency (Li et al., 2018). 

 

vi. Improved Client Satisfaction (SO6): Client satisfaction is a crucial factor for the 

success of construction projects, particularly when innovative technologies are 

integrated. Ozorhon et al. (2015) argue that the adoption of blockchain can enhance 

transparency, trust, and overall project efficiency, leading to improved client 

satisfaction through better service delivery and performance. 

 

3.1.2.8.  Long Term Outcomes. A total of six factors have been categorized under long term 

outcomes cluster as below. 

i. Fostered Innovation and Digitalization (LO1): The adoption of new innovations in 

the construction industry often faces resistance due to a lack of supportive 

environments for change and inadequate collaboration (Ozorhon, 2013). Blockchain 

technology, by enhancing collaboration and facilitating effective knowledge 

management, provides a critical mechanism for fostering innovation and 

digitalization within the industry (Ozorhon et al., 2015; Kifokeris and Tezel, 2023). 

Blockchain serves as a catalyst for transforming traditional practices and promoting 

the widespread adoption of innovative solutions, contributing to the digitalization 

and modernization of the construction industry. 

 

ii. Automated Processes (LO2): Automation is a key advantage of blockchain 

technology, particularly in areas such as supply chain and payment management. 

Blockchain-enabled smart contracts automate various processes, reducing human 
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intervention and enhancing efficiency (Rathnayake et al., 2022). By streamlining 

operations, blockchain technology contributes to cost reduction, improved accuracy, 

and greater control over project workflows. 

 

iii. Improved Decision-Making (LO3): Reliable, consistent, and transparent information 

is fundamental to effective decision-making. Blockchain technology enhances 

communication, providing stakeholders with accurate and trustworthy data, thereby 

supporting informed decision-making (Qian and Papadonikolaki, 2020). The 

adoption of blockchain in construction helps improve the quality and transparency 

of data, leading to better strategic decisions and project outcomes. 

 

iv. Improved Brand Value (LO4): The adoption of blockchain technology can enhance 

-

edge solutions. As Ozorhon et al. (2015) point out, integrating advanced technologies 

contributes to a positive corporate image, positioning companies as leaders in the 

adoption of new and disruptive innovations. Blockchain adoption reflects a 

-thinking approach, which can be a competitive advantage across 

industries. 

 

v. Improved Sustainability (LO5): Sustainability extends beyond environmental 

concerns to encompass social and economic dimensions (Elkington, 1998). 

Blockchain technology promotes automation, transparency, and trust, which are 

integral to achieving sustainability goals (Pinna et al., 2020). By fostering data 

integrity and reducing inefficiencies, blockchain enables more sustainable practices 

that benefit both environmental and social outcomes. 

 

 

vi. Enhanced Knowledge Management (LO6): Blockchain technology provides secure, 

transparent, and traceable data storage, making it a powerful tool for effective 

knowledge management (Safa et al., 2019). By enabling the secure sharing and 
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access of critical information, blockchain supports improved knowledge 

management, both within organizations and across project networks, leading to long-

term knowledge retention and dissemination. 

 

3.2.  Quantitative, Qualitative and Mixed Research Methods 

 

Quantitative data is represented numerically, whereas qualitative data is conveyed 

through textual or verbal expressions (Abuhamda et al., 2021). The integration of 

quantitative and qualitative methods enables researchers to capitalize on the strengths 

inherent in each approach while mitigating their respective limitations. Employing a mixed-

methods design facilitates a more nuanced and holistic comprehension of the research 

domain. Accordingly, this study adopted a combined methodological framework 

comprising: (i) SEM as the quantitative component, and (ii) a focus group study as the 

qualitative component.  

 

3.2.1.  Quantitative Research Methods 

 

Quantitative research is employed to quantify phenomena by generating numerical 

data or information that can be transformed into statistically analyzable formats (Tavakol 

and Sanders, 2014). This approach primarily seeks to understand the nature and extent of 

variation in phenomena, often through the application of statistical models and techniques. 

It facilitates the production of objective, generalizable insights by examining the relationship 

between independent variables and outcome or dependent variables, typically through 

descriptive and inferential statistical analyses (Abuhamda et al., 2021). 

 

One of the principal advantages of quantitative research lies in its efficiency. The use 

of statistical methods enables researchers to interpret and present findings in a time and cost 

effective manner, minimizing the need for extensive narrative explanation (Abuhamda et al., 

2021). Furthermore, the methodological rigor and standardized data collection techniques 

employed in quantitative research support the generalization of findings to broader 

populations. An additional strength of this approach is its replicability; due to its structured 

and transparent procedures, studies can be reproduced across different settings and 

timeframes, often yielding consistent results (Shank and Brown, 2007). 
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However, despite its strengths, quantitative research is not without limitations. A 

notable critique concerns the detachment between the researcher and the research 

participants (Shank and Brown, 2007). The method emphasizes objectivity to such an extent 

that it discourages interaction, potentially overlooking the subjective experiences and 

contextual nuances of the participants. Moreover, the linear and rigid structure of 

quantitative research constrains flexibility, limiting opportunities for participants to 

contribute beyond predefined parameters (Abuhamda et al., 2021). As a result, the approach 

may restrict the scope for innovative, interpretive, and creative exploration, given its reliance 

on predetermined instruments and analytical frameworks. 

 

3.2.2.  Qualitative Research Methods 

 

Qualitative research is characterized as exploratory in nature and is designed to 

uncover patterns in perceptions, experiences, and viewpoints (Abuhamda et al., 2021). This 

methodological approach employs a variety of data collection techniques; including 

participant observation, in-depth interviews, document analysis, and focus group discussions 

to investigate complex social phenomena (Randall et al., 2011). Like its quantitative 

counterpart, qualitative research is rigorous, systematic, and methodologically robust, 

offering a meaningful alternative for exploring topics that require contextual depth and 

interpretive insight. Its inherent flexibility enables researchers to pursue more open-ended 

and adaptive modes of inquiry. 

 

Through direct observation and participant engagement, particularly in focus group 

settings, qualitative research facilitates a nuanced understanding of human behavior. This 

methodological orientation yields rich, contextually grounded data that reflects real-life 

conditions and experiences (De Vaus, 2014). The qualitative approach enables an in-depth 

exploration of human actions, encompassing interactions, cognitive processes, beliefs, and 

social norms. In this framework, data collection is highly contextual and individualized, with 

the researcher serving as the primary instrument for gathering non-numerical, narrative-

based primary data (Abuhamda et al., 2021). As such, qualitative research is particularly 

suited for generating detailed, descriptive insights. 
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Nonetheless, this approach is subject to certain criticisms. One primary concern relates 

to its perceived limitations in terms of replicability and generalizability (De Vaus, 2014). 

Critics argue that the interpretive and constructivist underpinnings of qualitative inquiry 

often diverge from the standardized procedures typically associated with the scientific 

method (Abuhamda et al., 2021). The subjective orientation of qualitative research is 

criticized regarding the reliability and validity of its findings (De Vaus, 2014). The absence 

of numerical data further complicates efforts to generalize or simplify outcomes, leading 

some scholars to challenge the methodological rigor and empirical consistency of qualitative 

approaches. 

 

3.2.3.  Mixed (Combined) Research Methods 

 

Quantitative and qualitative methodologies may be integrated through various 

strategies to leverage the respective strengths of each while mitigating their individual 

limitations (White, 2009). Among the commonly employed approaches to methodological 

integration are triangulation, sequencing, and cross-analysis. 

 

3.2.3.1.  Triangulation. Triangulation entails examining data from multiple perspectives, this 

may involve employing diverse data collection techniques, engaging different participant 

groups, or utilizing multiple researchers or evaluators. The primary aim of triangulation is 

to enhance the depth, reliability, and validity of the research findings. A frequent application 

of this approach includes juxtaposing data derived from both quantitative and qualitative 

methods to reinforce interpretive robustness (Simister and James, 2020). 

 

3.2.3.2.  Sequencing. Sequencing refers to the systematic arrangement of research phases, 

wherein one methodological approach informs or complements the other, rather than being 

conducted concurrently (Simister and James, 2020). A preliminary quantitative study might 

serve to delineate focal points for a subsequent, more context-sensitive qualitative inquiry. 

Illustrative examples include: 

 

 Using qualitative data to formulate hypotheses subsequently tested through large-

scale quantitative surveys; 
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 Analyzing quantitative findings at the population level and conducting in-depth 

qualitative investigations within specific subgroups or contexts; 

 

3.2.3.3.  Cross-analysis. Cross-analysis involves the synthesis of qualitative and quantitative 

data through reciprocal interpretive techniques. For instance, qualitative interpretation of 

quantitative outputs, such as tables or graphical representations, can enhance contextual 

understanding. Conversely, qualitative data can be systematically coded and transformed 

into quantifiable metrics, thereby facilitating statistical examination (Simister and James, 

2020). 

 

3.3.  Questionnaire Survey 

 

To collect empirical data and explore the relationships among the constructs outlined 

in the conceptual framework, a questionnaire survey was developed. To ensure accessibility 

and clarity, the questions avoided the use of complex terminology, given the relatively recent 

introduction of blockchain technology within the construction industry. The survey was 

further refined through feedback from three academic experts and two industry practitioners 

during preliminary trials, leading to a finalized version consisting of two distinct sections. 

The first section gathered demographic details from participants, while the second required 

respondents to evaluate the identified factors within the framework based on their personal 

perceptions, using a five-point Likert scale. The complete set of the questionnaire survey is 

provided in Appendix A. 

 

Given that blockchain technology remains a novel concept, particularly within the 

construction industry, potential survey participants were identified through a targeted 

sampling approach. This strategy focused on individuals possessing relevant knowledge, 

expertise, and interest in the subject. The survey was distributed over a two-month period to 

286 participants who met the specified criteria. The target group comprised both academics 

and practitioners with expertise in digital construction, construction management, or 

blockchain technology. Contact information for these individuals was sourced from industry 

databases and distributed via direct email or professional networking platforms such as 

LinkedIn. In cases where direct contact information was unavailable, the survey was 

disseminated through professional associations. 
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Many participants expressed strong interest in the survey, indicating that the topic 

aligned closely with their professional experience and areas of interest. A total of 155 fully 

completed questionnaires were received, yielding a response rate of 59%. This high level of 

engagement can be attributed to the use of personalized communication strategies and the 

growing prominence of blockchain technology, both of which contributed to increased 

participation compared to generic mass-distribution methods.  

 

3.4.  SEM Analysis 

 

3.4.1.  Definition & Characteristics 

 

SEM is a widely utilized multivariate statistical technique that adopts a confirmatory 

approach to evaluate theoretical frameworks associated with specific phenomena (Byrne, 

2012). This method enables the examination of complex structural relationships within a 

model, incorporating both observed and latent variables (Bollen and Long, 1993). SEM is 

also referred to as "Simultaneous Equation Modeling," "Analysis of Covariance (ANCOVA) 

Structures," and "Confirmatory Factor Analysis (CFA)" (Kline, 2015). By integrating CFA 

and path analysis, SEM facilitates the assessment of latent constructs using multiple 

observed indicators, making it a preferred analytical method in various disciplines (Bowen 

and Guo, 2011). Furthermore, SEM effectively mitigates bias by addressing measurement 

errors associated with observed variables and allows for the simultaneous testing of multiple 

hypotheses (Werner and Schermelleh-Engel, 2009). 

 

SEM is characterized by two fundamental aspects: (i) causal relationships are 

expressed through a system of structural equations, and (ii) these relationships can be 

visually represented to facilitate a clearer understanding of the theoretical framework 

(Byrne, 2016). SEM primarily involves hypothesizing the definition of constructs based on 

a set of variables and examining the relationships among those constructs. This method 

supports both the development and empirical validation of theoretical models by illustrating 

interactions between observed and latent variables while simultaneously testing the 

formulated hypotheses (Schumacker and Lomax, 2016). 
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A critical distinction in SEM is made between observed and latent variables. Observed 

variables represent collected data that are recorded in a dataset, whereas latent variables refer 

to theoretical constructs that cannot be directly measured. Observed variables may take 

categorical or continuous forms, whereas latent variables are always continuous within the 

SEM framework. Unlike conventional statistical approaches, which are limited to analyzing 

only observed variables, SEM has the unique capability to incorporate both observed and 

latent variables in its analysis (Kline, 2015). 

 

The construction of an SEM model necessitates the specification of causal directions 

among variables to align with the proposed hypotheses, making it a confirmatory analytical 

approach. However, if empirical data fail to support the theoretical model, modifications 

may be required (Kline, 2015). When a theoretical model is not validated by the sample data, 

researchers may either revise the existing model or propose and test an alternative theoretical 

framework (Schumacker and Lomax, 2016). 

 

According to Kaplan (2009), conducting SEM analysis requires adherence to several 

key statistical assumptions: 

 

 The data must follow a normal distribution. 

 There should be no missing values in any of the variables. 

 The structural equation model must include all relevant variables, ensuring that no 

essential variable is omitted from any equation. 

 Independent variables should not be influenced by dependent variables. 

 

The characteristics of various SEM software tools are summarized in Table 3.1. A total 

of eleven software tools are identified, categorized based on whether they function as 

standalone programs or as components, procedures, or commands within a broader statistical 

environment. Notably, only three of these SEM tools are available free of charge. The 

software packages are associated with different statistical environments, including R (sem, 

lavaan, lava, systemfit, OpenMx), SAS/STAT (CALIS), Stata (Builder, sem, gsem), 

STATISTICA (SEPATH), and SYSTAT (RAMONA). 
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Table 3.1. Structural equation modeling tools (Kline, 2015). 
 

Computer Tool Batch  
(Syntax) 

Wizard 
(Template) 

Drawing  
Editor 

AMOS X X X 
EQS X X X 

LISREL X X X 
Mplus X X X 

nyx   X 
sem, lavaan, lava, systemfit X   

OpenMx X   
CALIS X   

Builder, sem, gsem X X X 
SEPATH X X  

RAMONA X   
 

This study employed SEM as the primary analytical tool for evaluating the 

SPSS software was used to conduct SEM analysis. The initial model was designed to 

represent the blockchain implementation process in construction contract management, 

illustrating the structural relationships among key constructs. Ten hypotheses were 

formulated to explore the interconnections among these constructs. 

 

A crucial consideration in SEM application is the sample size, as an adequate number 

of responses is necessary to ensure statistical reliability. Bagozzi and Yi (2012) recommend 

a minimum sample size of 100 for SEM to yield valid results. Additionally, Xiong et al. 

(2015) conducted an analysis of 84 SEM applications in the construction industry, revealing 

that 26 models used fewer than 100 samples, 39 models were based on sample sizes ranging 

from 100 to 200, and 19 models relied on more than 200 samples. Given this precedent, the 

adoption of SEM in this study was deemed methodologically appropriate for assessing the 

proposed framework and deriving meaningful insights from the collected data. 

 

3.4.2.  Modeling Steps 

 

The process of model development in SEM consists of several key stages: model 

specification, model estimation, model testing, and model modification. 
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In SEM, models represent a series of statistical assertions regarding the relationships 

between observed and latent variables. These relationships are generally linear, similar to 

other linear modeling techniques (Hoyle, 2012). The specification of measurement and 

structural models is guided by prior research and theoretical foundations. In a measurement 

model, observed variables are linked to an underlying latent variable, whereas a structural 

model defines the relationships among latent variables. 

 

SEM model estimation is broadly categorized into two approaches: single-equation 

methods and simultaneous methods. Single-equation methods assess individual equations 

independently without requiring the assumption of multivariate normality. However, they 

do not facilitate an assessment of overall model fit, as they focus on evaluating local model 

fit. Conversely, simultaneous methods estimate all free model parameters concurrently, 

prioritizing global model fit assessment (Kline, 2015). 

 

Model testing in SEM involves the evaluation of model fit using multiple fit indices. 

(i) Chi- ; This statistical test assesses whether a significant discrepancy exists 

between observed and expected values in the model. A chi-square value of zero signifies a 

perfect model-data fit (Kline, 2015). (ii) Comparative Fit Index (CFI); This incremental fit 

index assumes no correlation among latent variables and compares the sample covariance 

matrix against a null model. Its values range from 0 to 1, with a threshold of 0.90 indicating 

an acceptable fit and values above 0.95 representing a good fit (Hooper et al., 2008; Bowen 

and Guo, 2011). (iii) Tucker-Lewis Index (TLI); Originally introduced by Tucker and Lewis 

(1973) for factor analysis and later extended to SEM, the TLI compares a specified model 

to a null model. Like the CFI, TLI values close to 0.90 or 0.95 indicate a well-fitting model 

(Schumacker and Lomax, 2016). (iv) Root Mean Square Error of Approximation (RMSEA); 

This index quantifies model misfit per degree of freedom, allowing researchers to assess the 

extent of model misspecification. RMSEA values below 0.080 or 0.100 are generally 

considered acceptable (Hoyle, 2012). 

 

If a model fails to adequately fit the data, modifications may be necessary. However, 

researchers are discouraged from arbitrarily altering the structural model by adding or 

removing paths unless such changes are theoretically justified. A practical approach to 
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improving model fit is to introduce an error covariance term between observed variables in 

the measurement model (Schumacker and Lomax, 2016). 

 

3.4.3.  Validity of Measures 

 

The validity of measurement instruments is evaluated using two primary concepts: 

content validity and construct validity. (i) Content Validity; This aspect assesses whether the 

test items adequately represent the domain they are intended to measure. Unlike other 

validity measures, content validity is established based on expert judgment rather than 

statistical analysis. (ii) Construct Validity; This evaluates the extent to which a hypothetical 

construct is accurately measured by a given test or experiment. Since no single definitive 

test can confirm construct validity, it must be demonstrated through multiple sub-tests, 

including scale reliability, discriminant validity, and convergent validity. 

 

 Scale Reliability: This measures the internal consistency of a scale, reflecting the 

alpha is commonly used to assess this reliability. 

 Discriminant Validity: This ensures that measures intended to be unrelated do not 

exhibit significant correlation. Discriminant validity is supported when the inter-

correlation among these measures is low. 

 Convergent Validity: In contrast to discriminant validity, convergent validity verifies 

that measures expected to be related are indeed correlated. This is typically assessed 

through overall model fit indices and factor loadings. 

 

3.4.4.  Model Development 

 

The developed model, illustrated in Figure 3.3., consists of both observed and latent 

variables. In the model, eight latent variables are depicted within larger circles, each 

comprising a set of observed variables represented as squares. Additionally, all latent and 

observed variables are associated with residual (error) variables, which are indicated by 

smaller circles. 
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Figure 3.3. Model developed in IBM SPSS AMOS. 

 

3.5.  Development of the Strategic Roadmap 

 

The development of a structured roadmap for the adoption of emerging technologies 

serves as both a strategic and operational framework that guides organizations and industries 

toward successful integration and long-term sustainability (Daim and Oliver, 2008). A well-

defined roadmap not only provides a clear trajectory for implementation but also facilitates 

the identification of key challenges, enablers, and necessary interventions at various levels. 

 

Several studies in the existing literature have proposed roadmaps for the integration of 

blockchain technology into construction projects. Singh et al. (2023) examined the barriers 
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to blockchain adoption within the Indian context and developed a roadmap comprising short-

, medium-, and long-term recommendations structured across five distinct stages to address 

these challenges. Similarly, Li and Kassem (2019) formulated a four-stage roadmap aimed 

at fostering macro-level readiness for the adoption of DLT in the construction industry, with 

an emphasis on facilitating the diffusion of DLT for specific application scenarios as 

presented in Figure 3.4.  

 

 

 

Figure 3.4. roadmap. 

 

Furthermore, Jayarathna et al. (2025), utilized the delphi method through semi-

structured interviews and introduced a roadmap that integrates circular economy principles 

with blockchain to enhance construction waste management practices. Different than the 

existing roadmaps, this research adopts a broader perspective that spans from pre-

implementation to post-implementation phases. It offers granular, strategically oriented 

recommendations and is not constrained to a specific national context as presented in Figure 

3.5.  
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Figure 3.5. Roadmap for blockchain enabled construction waste management (Jayarathna 

et al., 2025). 

 

A comparative analysis of blockchain implementation in other industries such as 

finance and logistics reveals key success factors applicable to the construction industry. 

These include the establishment of standard protocols, early engagement of stakeholders, 

and alignment with regulatory frameworks. For instance, the logistics industry has 

enterprise adoption which could enhance construction supply chain coordination (Clohessy, 

contracts underscores the importance of legal and institutional readiness (Javaid et al., 2022). 

Early engagement with legal bodies is crucial for adoption. By incorporating these cross-

industry insights, the proposed roadmap is not only grounded in industry-specific analysis 

but also informed by proven strategies from adjacent domains, thereby strengthening its 

practical relevance and applicability. 

 

Within the scope of this research, a comprehensive roadmap was developed to 

facilitate the construction industry's adoption and implementation of blockchain-based 

applications in contract management. The initial conceptualization of this roadmap was 

carried out by a group consisting of three academic experts and two industry practitioners, 
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leveraging their combined knowledge of blockchain technology, construction management, 

and digital transformation. Following its initial development, the roadmap underwent further 

refinement through a focus group study, where additional insights were incorporated to 

enhance its applicability and effectiveness. 

 

The final roadmap is structured into distinct phases, each representing critical stages 

in the adoption process. Within these phases, specific recommended actions are outlined at 

three hierarchical levels: project, organizational, and industry-wide. At the project level, the 

roadmap highlights key implementation steps necessary for integrating blockchain solutions 

into construction contracts and workflows. At the organizational level, it provides strategic 

guidance on capacity building, stakeholder engagement, and infrastructure readiness. Lastly, 

at the industry level, the roadmap underscores broader systemic changes required, such as 

regulatory adaptations, standardization efforts, and collaborative initiatives to drive 

widespread blockchain adoption. 

 

By providing a phased and multi-tiered approach, this roadmap serves as a structured 

guide to support stakeholders in navigating the complexities of blockchain implementation 

in construction contract management, ensuring that both immediate operational needs and 

long-term strategic objectives are effectively addressed. 

 

3.6.  Focus Group Study 

 

A focus group study was conducted as a supplementary qualitative approach to 

validate the findings derived from the SEM analysis and to further refine the strategic 

roadmap. The primary objective of the focus group was to achieve a consensus on the 

research findings by critically assessing key insights, validating the relationships identified 

in the SEM analysis, and enhancing the proposed roadmap for blockchain implementation 

in construction contract management. 

 

Focus group is a widely recognized qualitative research method, typically involving 

six to twelve participants to facilitate in-depth discussion and collective analysis (Guest et 

al., 2006). In this study, the focus group session lasted for two hours and included ten 

participants, comprising four industry practitioners and six academics. This diverse 
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composition ensured a balanced representation of both theoretical and practical perspectives, 

thereby enriching the discussion with insights from both academic research and industry 

experience. 

 

The session commenced with a brief presentation by the research team, outlining the 

study's objectives, methodology, and key findings from the SEM analysis. Following this 

introduction, the participants engaged in an interactive discussion guided by open-ended 

questions designed to evaluate the critical factors within each construct of the proposed 

framework. In the subsequent phase, the focus shifted toward analyzing the implications of 

the findings, with participants providing feedback on the relationships identified through 

SEM. 

 

A key component of the session involved a structured review of the strategic roadmap. 

Participants were encouraged to critically examine the roadmap's structure, feasibility, and 

practicality. Their insights and recommendations were recorded to refine the proposed 

strategy. To enhance collaboration and allow for extended engagement beyond the in-person 

session, an online collaborative platform was utilized. A shared board page was developed, 

granting participants access for one week after the focus group session. This enabled them 

to contribute additional insights, refine key points, and suggest further modifications. 

 

The iterative nature of this process allowed for a more comprehensive and well-

informed strategic roadmap, integrating a broad spectrum of expert opinions and practical 

considerations. As a result, the final roadmap presents a more robust and actionable guide 

for the adoption of blockchain-based solutions within construction contract management. 

Figure 3.6. below provides an illustration of the structured flow of the focus group study, 

depicting its key phases and discussion points. 

 



68

Figure 3.6. Organization of the focus group study.
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4.  RESEARCH RESULTS 
 

 

4.1.  Demographics of Survey Participants 

 

4.1.1.  Respondent Profiles 

 

As per the followed targeted sampling strategy, survey respondents were consisting of 

individuals possessing relevant knowledge, expertise, and interest in blockchain technology 

and construction contract management. A total of 155 fully completed questionnaires were 

collected, with participants including both academics and practitioners specializing in digital 

construction, construction management, or blockchain technology. The targeted sampling 

strategy ensured that the participants possessed relevant expertise, leading to an average 

blockchain familiarity of nearly five years. Furthermore, the respondents have an average of 

16 years of experience in the construction industry, with most professionals having between 

10 and 25 years of industry experience. Additionally, respondents are familiar with the 

construction contracts for an average of 11 years. 

 

The survey findings reveal a well-distributed representation of professionals across 

various positions within the construction industry. 29% of the respondents are working 

either as an engineer or architect whereas 23% are working as managers, 9% as directors 

and 8% are a part senior management. Additionally, 6% of the respondents consisting of 

owners and board members and 18% are academicians. Below Figure 4.1. shows the 
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Figure 4.1. positions. 

 

The professional roles of the respondents indicate a strong managerial presence, with 

approximately 45% occupying senior management, director, or managerial positions. 

Engineers and architects constitute 30% of the respondents, further reinforcing technical 

expertise within the participant pool. 

 

Respondents are also well distributed in terms of the role of their companies within 

the construction industry. Specifically, 28% of respondents are employed in consultancy 

firms, whereas 27% are employed in contractors, 18% are affiliated with academic 

institutions and 8% are working for designer companies. Below, Figure 4.2. shows the 

 

 

 

 

Figure 4.2. employment. 
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Regarding geographic distribution, nearly half of the survey participants are based in 

Turkey, while 12% of respondents are from United States followed by the United Kingdom 

and European Union each with 11% of the participants. Additionally, Arab Countries 

constitute almost 7%. This global representation provides a broad perspective on blockchain 

adoption trends in the construction industry. Figure 4.3. shows the geographic distribution 

of the participants.  

 

 

Figure 4.3. geographic distribution. 

 

4.1.2.  Company Information 

 

Research results indicate that most of the companies participating in the research are 

companies have over 100 years of experience whereas 40% have 11 to 50 years of 

experience. Additionally, 20% of them have less than 11 years of experience. Below Figure 

4.4. shows the overall distribution regarding company experience.  

 

 

 

Figure 4.4. Distribution of company experience. 
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Company size and financial scale were also considered in the analysis. Over half of 

the survey respondents are employed by organizations with more than 1,000 employees and 

annual revenues exceeding 100 million USD. This finding also suggests that large-scale 

enterprises, which are more likely to invest in innovative technologies, are well-represented 

in the study. Figure 4.5. and Figure 4.6. below show the distribution of employee numbers 

and annual revenues of the companies respectively.  

 

 

 

Figure 4.5. Distribution of employee numbers. 

 

 

 

Figure 4.6 Distribution of annual revenues. 

 

Findings show that companies are mostly expertized in commercial and residential 

building projects followed by infrastructures projects, industrial projects and airport 

projects. Finally, 57% of participants expressed confidence in the widespread adoption of 

blockchain in the construction industry, while 30% remained uncertain and 13% expressed 

skepticism. 
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4.1.3.  Utilization of the Blockchain Technology 

 

Research results indicate that 10% of the participants reported direct involvement in 

pilot blockchain implementations within construction projects, demonstrating firsthand 

experience with blockchain applications. Among them, 50% work for contractors and 30% 

work for consultancy companies. This finding shows that blockchain trials are mostly 

engaged via participation of contractors and consultants. To mitigate potential biases 

associated with perception-based responses, particularly given the infant stage of blockchain 

adoption, a targeted sampling strategy was employed. Participants were carefully selected 

based on their demonstrable experience and expertise in related subjects to ensure informed 

and relevant contributions. 

 

In a multiple-choice and open-ended combined question, it is revealed that pilot trials 

of blockchain technology are mostly utilized for information management which is followed 

by payment management and supply chain management. Below, Figure 4.7. shows the 

distribution of trial utilizations for blockchain technology.  

 

 

 

Figure 4.7. Distribution of trial utilizations for blockchain technology. 

 

4.2.  Demographics of Focus Group Experts 

 

A focus group session was conducted to further examine the findings and refine the 

strategic roadmap. The session lasted for two hours and included ten participants, 

comprising four industry practitioners and six academics, ensuring a balanced blend of 

theoretical and practical insights. A moderator facilitated the discussion to ensure structured 
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engagement and comprehensive evaluation of key topics. Table 4.1. presents detailed 

information regarding the focus group participants, providing an overview of their 

professional backgrounds and areas of expertise.  

 

Table 4.1. Details of the focus group participants. 
 

Code Experience Expertise Title/Profession 
P1 (Mod) 10+ Contract Management, Digitalization Consultant 

P2 10+ Contract Management Contract Manager 

P3 15+ Blockchain Technology, 
Digitalization Academic 

P4 20+ Innovation, Technology Adoption Academic 
P5 15+ Digital Construction Academic 
P6 15+ Blockchain Technology, Law Founder & CEO 
P7 15+ Project Management Academic 
P8 10+ Contract Management, Digitalization Contract Manager 
P9 10+ Digital Construction Academic 

P10 15+ Digital Construction Academic 
 

4.3.  Descriptive Statistics 

 

Descriptive statistics refer to a set of summary measures that utilize descriptive 

coefficients to provide an overview of specific characteristics within a data set. Among 

them, the central tendency indicators are namely the mean and median. 

 

Central tendency represents the extent to which data points cluster around a central 

value, effectively summarizing an entire data distribution with a single representative figure. 

Among the key measures of central tendency, the mean and median are widely employed. 

The mean is derived by summing all values within the dataset and dividing the result by the 

total number of observations. This measure is often regarded as the most reliable estimate 

of central tendency (Tabachnick and Fidell, 2012).  

 

Table 4.2. presents the mean values of factors categorized under the "Motivations" 

cluster. The results indicate that Top Management Support (MT4) and the Willingness of 

Project Parties (MT2) are the most highly rated factors, each achieving an average score 

above 4.00. This finding aligns with the general understanding that internal motivations 

serve as primary drivers for technological innovation. Conversely, Competitive Pressure 
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(MT6) and Company Experience (MT3) received the lowest scores, with mean values below 

3.50. Given the relative novelty of blockchain technology in the construction industry, 

relying on organizational experience or competitive forces as catalysts for adoption may not 

be particularly relevant at this stage. 

 

Table 4.2. Mean values of motivational factors. 
 

No Factors Mean Values 
MT4 Top Management Support 4.34 
MT2 Willingness of Project Parties 4.02 
MT5 Budget and Investments 3.93 
MT1 Competence of Project Staff 3.82 
MT6 Competitive Pressure 3.44 
MT3 Company Experience 3.39 

 

Table 4.3. illustrates the mean values of factors within the "Technological Readiness" 

cluster. Among these factors, the Applicability of Technology (TR3) received the highest 

mean value of 4.10, suggesting that respondents acknowledge the importance of clearly 

defining blockchain's application areas to highlight its potential benefits and compliance 

with legal frameworks. In contrast, Availability of Benchmarks recorded the lowest score, 

falling below 3.50. This result may indicate skepticism among participants regarding the 

utility of cross-industry benchmarking, given that the application of blockchain in 

construction is highly project-specific and depends on distinct project needs and conditions.  

 

Table 4.3. Mean values of technological readiness factors. 
 

No Factors Mean Values 
TR3 Applicability of Technology 4.10 
TR6 Convenience of Legal Infrastructure 3.90 
TR2 Availability of Guidelines and Standards 3.84 
TR1 Level of Industry Awareness  3.76 
TR5 Feasibility of Pilot Trials 3.71 
TR4 Availability of Benchmarks 3.48 

 

Table 4.4. provides an overview of the mean values of factors grouped under the 

"Advanced Technologies" cluster. The findings suggest that Big Data (AT6) and BIM (AT1) 

are the most influential factors, both achieving mean values above 4.00. This result is 

consistent with the notion that blockchain technology enhances the security and integrity of 
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BIM-based project data, making the management of this process through big data 

technologies particularly vital. On the other hand, Robotics (AT7) recorded the lowest mean 

value, falling below 3.00, which may indicate that its integration with blockchain technology 

is not yet a primary concern for industry professionals.   

 

Table 4.4. Mean values of advanced technologies. 
 

No Factors Mean Values 
AT6 Big Data 4.08 
AT1 Building Information Modeling (BIM) 4.01 
AT5 Artificial Intelligence (AI) 3.80 
AT3 Internet of Things (IoT) 3.74 
AT2 Geographic Information System (GIS) 3.30 
AT4 Radio Frequency Identification (RFID) 3.14 
AT7 Robotics 2.92 

 

Table 4.5. outlines the mean values of factors classified under the "Emerging 

Management Methods" cluster. Among the factors, IPD (EM2) stands out with a mean value 

exceeding 4.00. This finding underscores the necessity of collaborative engagement among 

all project stakeholders for the successful implementation of blockchain technology in 

construction projects. The remaining factors in this cluster received relatively lower ratings, 

implying that while various management methods may facilitate blockchain adoption, the 

IPD approach is perceived as particularly crucial.  

 

Table 4.5. Mean values of emerging management methods. 
 

No Factors Mean Values 
EM2 Integrated Project Delivery System 4.02 
EM3 Agile Management Techniques 3.52 
EM1 Lean Construction 3.41 

 

Table 4.6. displays the mean values of factors within the "Contractual Process 

Improvements" cluster. Most factors in this category have mean values exceeding 4.00, 

suggesting that participants strongly believe contractual advancements are likely to 

accompany the adoption of blockchain technology. Notably, factors related to Data 

Management Applications received the highest scores, reinforcing the idea that blockchain's 
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core functionality revolves around establishing a robust and secure data management 

infrastructure. 

 

Table 4.6. Mean values of contractual process improvements. 
 

No Factors Mean Values 
CT5 Improved Data Management 4.24 
CT1 Automated Progress Tracking 4.24 
CT2 Automated Payment 4.19 
CT6 Improved Change Management 4.00 
CT3 Automated Material Tracking 3.98 
CT4 Improved Vendor Management 3.76 

 

Table 4.7. summarizes the mean values of factors categorized under the 

"Communication Process Improvements" cluster. Similar to the contractual process 

improvements, most factors in this category received mean values above 4.00, indicating a 

consensus among participants that blockchain technology will significantly enhance 

communication processes. However, Improved Collaboration Among Stakeholders (CM7) 

received the lowest score (3.83). This result suggests that collaboration may be perceived 

more as a prerequisite for blockchain implementation rather than a direct outcome of its 

application.  

 

Table 4.7. Mean values of communication process improvements. 
 

No Factors Mean Values 
CM1 Advanced Data Traceability 4.37 
CM2 Advanced Data Reliability 4.25 
CM4 Enhanced Information Transparency 4.25 
CM3 Advanced Data Consistency 4.20 
CM5 Enhanced Information Security 4.10 
CM6 Improved Trust Among Stakeholders 4.05 
CM7 Improved Collaboration Among Stakeholders 3.83 

 

Table 4.8. presents the mean values for factors within the "Short Term Outcomes" 

cluster. Among the examined factors, Eliminated Payment Issues (SO2) emerged as the 

highest-rated, signifying the widespread expectation that blockchain will automate and 

streamline progress payment processes, thereby mitigating payment-related disputes. In 

contrast, Accelerated Schedule (SO4) and Reduced Costs (SO5) recorded the lowest scores. 
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This suggests that while blockchain may offer numerous efficiency gains, its impact on 

construction schedules and overall cost reduction is perceived as less immediate.   

 

Table 4.8. Mean values of short term outcomes. 
 

No Factors Mean Values 
SO2 Eliminated Payment Issues 3.82 
SO6 Improved Client Satisfaction 3.75 
SO1 Reduced Number of Claims and Disputes 3.68 
SO3 Reduced Risks 3.48 
SO5 Reduced Costs 3.31 
SO4 Accelerated Schedule 3.29 

 

Table 4.9. provides an overview of the mean values of factors within the "Long Term 

Outcomes" cluster. The results indicate that Automated Processes (LO2) and Fostered 

Innovation and Digitalization (LO1) are the most highly rated, each scoring above 4.00. This 

highlights the expectation that blockchain will contribute to process automation and drive 

digital transformation in the long run. Conversely, Improved Sustainability (LO5) received 

the lowest mean score, possibly reflecting concerns regarding blockchain's well-documented 

high energy consumption, which may counterbalance its sustainability benefits in certain 

contexts.  

 

Table 4.9. Mean values of long term outcomes. 
 

No Factors Mean Values 
LO2 Automated Processes 4.27 
LO1 Fostered Innovation and Digitalization 4.22 
LO6 Enhanced Knowledge Management 3.95 
LO3 Improved Decision Making 3.92 
LO4 Improved Brand Value 3.70 
LO5 Improved Sustainability 3.57 

 

4.4.  Model Results 

 

The SEM method was utilized to analyze the collected data, focusing on an initial 

model composed of eight constructs and ten hypotheses. The SEM analysis was conducted 

path analysis. 
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The preliminary results revealed that two hypotheses, H5 and H7, did not exhibit 

statistically significant relationships. Specifically, no meaningful connection was identified 

between the cluster of advanced technologies and communication process improvements, 

nor between emerging management methods and communication process improvements. As 

a result, these two non-

and reliability. 

 

Following these refinements, a re-analysis of the modified model was undertaken to 

validate its revised structure and improve its overall model fit. This iterative approach 

ensured that the final model was both statistically robust and methodologically sound, 

accurately reflecting the relationships between the key constructs in the study. 

 

4.4.1.  Validity and Reliability of The Model 

 

In the application of SEM, ensuring both validity and reliability is fundamental to the 

robustness of the proposed model. While statistical methods cannot directly assess content 

validity (Garver and Mentzer, 1999), it is instead established through expert judgment and 

systematic evaluation. To uphold content validity, a structured approach was adopted in the 

formulation of constructs and their relationships. This process commenced with an extensive 

literature review, followed by multiple discussion sessions with a panel of three academics 

and two industry professionals. These sessions facilitated the refinement of factors, leading 

to the consolidation or exclusion of certain elements. Ultimately, careful attention was 

devoted to verifying the selected factors, constructs, and their interconnections to ensure the 

conceptual integrity of the model. 

 

Construct validity, a critical component of model assessment, encompasses scale 

reliability, convergent validity, and discriminant validity. Model reliability pertains to the 

strength of direct relationships within the structural model (Bollen and Long, 1993). Scale 

measures internal consistency, and composite reliability, which is derived from reliability 

d the widely accepted threshold 

of 0.70 (Nunnally, 1978), confirming internal consistency. Similarly, composite reliability 
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was validated, with coefficients surpassing 0.60 (Ahmad et al.

Alpha and composite reliability values for all constructs are presented in Table 4.10. 

 

Table 4.10. Test results for reliability and convergent validity. 
 

Latent Variables Cronbach's 
Alpha 

Composite 
Reliability AVE 

Motivations 0.808 0.810 0.647 
Technological Readiness 0.901 0.901 0.776 
Advanced Technologies 0.847 0.848 0.668 

Emerging Management Methods 0.749 0.764 0.726 
Contractual Process Improvements 0.849 0.851 0.700 

Communication Process Improvements 0.901 0.905 0.763 
Short Term Outcomes 0.888 0.888 0.756 
Long Term Outcomes 0.873 0.874 0.733 

 

Convergent validity determines whether observed variables adequately represent a 

single latent construct. This is typically assessed using Average Variance Extracted (AVE), 

which should ideally be greater than 0.50. However, if AVE values fall below this threshold, 

convergent validity can still be deemed acceptable provided that composite reliability 

exceeds 0.60 (Fornell and Larcker, 1981). In the current model, all AVE values met the 

required criteria, confirming convergent validity, as detailed in Table 4.10. 

 

Discriminant validity, another crucial aspect, ensures that observed variables distinctly 

measure separate constructs rather than capturing overlapping elements. This is evaluated 

by comparing the correlations between constructs against the square root of the AVE for 

each construct (Byrne, 2012). The developed model successfully met these discriminant 

validity requirements, with all corresponding values reported in Table 4.11. Moreover, inter-

correlations between the measures of the constructs need to be checked to satisfy 

discriminant validity (Byrne, 2016). The inter-correlations should be less than 0.90 to ensure 

that there is no multicollinearity (Hair et al., 2010).  

 

Table 4.11. Test results for discriminant validity. 
 

Constructs MT TR AT EM CT CM SO LO 

MT 0.805        
TR 0.800 0.881       
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AT 0.569 0.521 0.817      
EM 0.466 0.455 0.578 0.852     
CT 0.649 0.593 0.712 0.526 0.837    
CM 0.601 0.540 0.529 0452 0.807 0.873   
SO 0.370 0.326 0.626 0.688 0.516 0.485 0.870  
LO 0.588 0.481 0.643 0.548 0.749 0.642 0.768 0.856 

 

-of-fit was assessed using 

-square statistic divided by degrees 

of freedom, the CFI, the TLI, and the RMSEA. These indices provide insight into how well 

the hypothesized model aligns with the observed data. Kline (1998) established threshold 

values for these fit indices, which serve as benchmarks for evaluating model adequacy. The 

corresponding fit indices for both the initial and finalized models, alongside their respective 

4.12. Notably, after refining the initial 

model by removing non-significant paths, the goodness-of-fit indices demonstrated 

significant improvements, ensuring that the finalized model conformed to the recommended 

statistical criteria. 

 

Table 4.12. Goodness of fit indices. 
 

Index Recommended Value Initial Model Finalized Model 
Cronbach's 

Alpha >0.70 0.958 0.958 

/dof <3.00 2.103 1.770 
CFI 0 (no fit) to 1 (perfect fit) 0.745 0.885 
TLI 0 (no fit) to 1 (perfect fit) 0.731 0.852 

RMSEA <0.10 0.085 0.071 
 

4.4.2.  Path Coefficients 

 

Upon completing the SEM analysis of the finalized model, all null hypotheses were 

supported, indicating statistically significant relationships between the constructs, albeit 

with varying degrees of strength. The path coefficients, which measure the magnitude and 

significance of these relationships, are presented in Table 4.13. To interpret these 

coefficients, the classification framework proposed by Murari (2015) was applied: values 

between 0.1 and 0.3 indicate a weak relationship, coefficients ranging from 0.3 to 0.5 

suggest a moderate relationship, and values exceeding 0.5 represent a strong relationship. 
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Table 4.13. Results of the SEM analysis for path coefficients. 
 

Hypothesis Relationship Path Coefficient 
H1 Motivations -> Contractual P. Improvements 0.344 
H2 Technological Readiness -> Contractual P. Improvements 0.225 
H3 Advanced Technologies -> Contractual P. Improvements 0.479 
H4 Emerging M. Methods -> Contractual P. Improvements 0.187 
H5 Advanced Technologies -> Communication P. Improvements Rejected 
H6 Contractual P. Imp. -> Communication P. Improvements 0.786 
H7 Emerging M. Methods -> Communication P. Improvements Rejected 
H8 Communication P. Improvements -> Short-Term Outcomes 0.469 
H9 Communication P. Improvements -> Long-Term Outcomes 0.356 
H10 Short-Term Outcomes -> Long-Term Outcomes 0.587 

 

In the finalized model, Contractual Process Improvements demonstrated weak 

relationships with both Technological Readiness and Emerging Management Methods, 

suggesting that while these factors influence contractual improvements, their impact is 

limited. Conversely, moderate relationships were identified between Contractual Process 

Improvements and both Motivations and Advanced Technologies, indicating a more 

substantial yet not dominant influence. 

 

Further, the analysis revealed moderate relationships between Communication 

Process Improvements and both Short Term and Long Term Outcomes, underscoring the 

role of enhanced communication in achieving project and organizational benefits over 

different time horizons. Notably, a strong relationship was observed between Contractual 

Process Improvements and Communication Process Improvements, highlighting the 

interconnected nature of these constructs improvements in contractual mechanisms are 

closely tied to enhancements in communication processes. Finally, another strong 

relationship was identified between Short Term Outcomes and Long Term Outcomes, 

affirming that the successful realization of short-term objectives positively contributes to 

achieving long term strategic goals. 

 

4.4.3.  Factor Loadings 

 

A factor loading quantifies the strength of the relationship between an observed 

variable and its corresponding latent construct, serving as an essential indicator of how well 



83 
 

each observed variable represents the underlying theoretical concept. Higher factor loadings 

suggest a stronger association, reinforcing the validity of the observed variable as a reliable 

measure of the construct. 

 

Table 4.14. Results of the SEM analysis for factor loadings. 
 

Construct No Observed Variable Factor 
Loading 

Motivations 
(MT) 

MT1 Competence of Project Staff 0.676 
MT2 Willingness of Project Parties 0.747 
MT3 Company Experience 0.651 
MT4 Top Management Support 0.715 
MT5 Budget and Investments 0.602 
MT6 Competitive Pressure 0.450 

Technological 
Readiness 

(TR) 

TR1 Level of Industry Awareness 0.752 
TR2 Availability of Guidelines and Standards 0.801 
TR3 Applicability of Technology 0.783 
TR4 Availability of Benchmarks 0.756 
TR5 Feasibility of Pilot Trials 0.781 
TR6 Convenience of Legal Infrastructure 0.779 

Advanced 
Technologies 

(AT) 

AT1 Building Information Modeling (BIM) 0.667 
AT2 Geographic Information System (GIS) 0.704 
AT3 Internet of Things (IoT) 0.796 
AT4 Radio Frequency Identification (RFID) 0.674 
AT5 Artificial Intelligence (AI) 0.562 
AT6 Big Data 0.583 
AT7 Robotics 0.665 

Emerging 
Management 

Methods (EM) 

EM1 Lean Construction 0.722 
EM2 Integrated Project Delivery System 0.542 
EM3 Agile Management Techniques 0.875 

Contractual 
Process 

Improvements 
(CT) 

CT1 Automated Progress Tracking 0.673 
CT2 Automated Payment 0.575 
CT3 Automated Material Tracking 0.606 
CT4 Improved Vendor Management 0.561 
CT5 Improved Data Management 0.727 
CT6 Improved Change Management 0.639 

Communication 
Process 

Improvements 
(CM) 

CM1 Advanced Data Traceability 0.814 
CM2 Advanced Data Reliability 0.800 
CM3 Advanced Data Consistency 0.818 
CM4 Enhanced Information Transparency 0.749 
CM5 Enhanced Information Security 0.688 
CM6 Improved Trust Among Stakeholders 0.599 
CM7 Improved Collaboration Among Stakeholders 0.546 
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Short Term 
Outcomes 

(SO) 

SO1 Reduced Number of Claims and Disputes 0.714 
SO2 Eliminated Payment Issues 0.640 
SO3 Reduced Risks 0.767 
SO4 Accelerated Schedule 0.816 
SO5 Reduced Costs 0.806 
SO6 Improved Client Satisfaction 0.728 

Long Term 
Outcomes 

(LO) 

LO1 Fostered Innovation and Digitalization 0.642 
LO2 Automated Processes 0.680 
LO3 Improved Decision Making 0.749 
LO4 Improved Brand Value 0.697 
LO5 Improved Sustainability 0.747 
LO6 Enhanced Knowledge Management 0.771 

 

In the SEM analysis of the finalized model, as presented in Table 4.14., the factor 

loadings for the observed variables were evaluated to ensure their adequacy in representing 

their respective latent constructs. The results indicate that all observed variables exhibited 

factor loadings greater than 0.5, demonstrating a sufficient level of correlation between the 

indicators and their constructs. The only exception was MT6  Competitive Pressure, which 

had a factor loading below the 0.5 threshold. 

 

A factor loading below 0.5 suggests that the respective variable may have a weaker 

contribution to explaining the latent construct, which may necessitate further investigation. 

Despite this exception, the overall model retained its integrity, as the majority of observed 

variables displayed sufficiently high factor loadings, reinforcing the reliability of the 

measurement framework used in the study. 
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5.  DISCUSSION 
 
 

5.1.  Evaluation of the Model Framework and Path Coefficients 

 

The successful adoption of emerging technologies within the construction industry 

requires the development of strategic, well-informed implementation frameworks rooted in 

a comprehensive understanding of underlying processes (Ozorhon, 2013). A key factor in 

this process is recognizing the dynamic interactions among various elements that shape the 

effectiveness of technological integration. Without a thorough analysis of these 

interconnections, organizations may struggle to maximize the potential benefits of novel 

solutions.  

 

5.1.1.  H1:  and  

 

 

The results of this study indicate that motivational factors significantly influence the 

improvement of contractual processes in blockchain adoption, aligning with Li et al. (2022), 

who emphasized motivation as a core determinant of implementation success. The path 

coefficient of 0.344 underlines that companies with strong motivations are more inclined to 

initiate digital transformation efforts. This reinforces the view of Ozorhon (2013), who 

contended that successful innovation requires a strategic alignment between organizational 

will and implementation capacity. The focus group discussions reinforced this perspective, 

with participants asserting that highly motivated firms tend to proactively overcome 

adoption barriers, regardless of technological challenges. This underscores that 

organizational motivation is not only a prerequisite but also a critical enabler of blockchain-

driven contractual enhancements, capable of compensating for broader technological or 

institutional immaturity. This observation aligns with the conclusions drawn by Obidallah et 

al. (2024), who emphasized the crucial role of motivation as a catalyst for blockchain 

adoption. 
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5.1.2.   and 

 

 

Although technological readiness positively affects contractual process improvements, 

the relatively modest coefficient (0.225) suggests its role is enabling rather than 

the 

infrastructural prerequisites of innovation. However, when compared with the stronger effect 

of motivation (H1), these findings suggest a deviation from technology-push narratives that 

assume readiness alone leads to adoption. Li et al. (2022) similarly observed that 

technological capacity must be activated by strategic intent, without which it remains 

underutilized. Hence, technological readiness is best understood as a necessary but 

insufficient condition, requiring alignment with broader motivational and strategic drivers 

to effect contractual transformation. Specifically, the findings suggest that construction 

companies driven by strong motivations are more likely to adopt blockchain-based solutions, 

even in an environment characterized by industrial immaturity and technological 

uncertainty. 

 

5.1.3.   and positive effect on 

 

 

Advanced digital technologies represent the most influential factor in driving 

contractual improvements (0.479), highlighting the importance of technological 

complementarity. This finding aligns strongly with Qian and Papadonikolaki (2020), who 

demonstrated that blockchain, when integrated with BIM and IoT, delivers measurable gains 

in transparency and supply chain coordination. It also reinforces Li et al. 

 Focus 

group discussions further supported this, with Participant P3 indicating blockchain, 

combined with RFID, allowed real-time material tracking that reduced disputes and 

shortened delivery schedules. These insights collectively affirm that advanced technologies 

act as strategic accelerators, enhancing the contractual value proposition of blockchain 

through automation, traceability, and real-time control. 
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5.1.4.  and positive effect on 

 

 

Although emerging management methods contribute positively to contractual process 

improvements, their effect is marginal (0.187), suggesting a supportive rather than primary 

role. This finding challenges the assertion by Tezel et al. (2022) that lean methodologies and 

IPD approaches can independently foster blockchain adoption. Instead, the results imply that 

such methods create a collaborative and process-oriented culture, which may facilitate 

implementation but does not guarantee it. During the focus group study, P6 stated that lean 

and IPD just help to create a culture that supports blockchain. These findings nuance 

previous claims by Ozorhon (2013) by highlighting that management innovations require 

technological or motivational scaffolding to generate an impact. Thus, blockchain 

integration is more effectively facilitated when aligned with existing technological 

infrastructures rather than relying solely on new management practices. The present study 

indicates that management-based innovations alone may not exert a direct influence on 

blockchain adoption. Instead, their impact is likely to be mediated indirectly through other 

critical factors. 

 

5.1.5.  and positive effect on 

 

 

Interestingly, despite the recognized importance of technological advancements, the 

rejection of Hypotheses H5 suggests that advanced technologies do not directly contribute 

assertion that innovation plays a key role in enhancing communication processes. Instead, it 

indicates that technological advancements may influence communication only indirectly, 

primarily through their impact on contractual processes. This discrepancy can be explained 

by the mediating role of contractual mechanisms, as supported by the qualitative data. This 

perspective was further reinforced by Participant P9 in the focus group discussions, who 

argued that while advanced technologies provide supportive frameworks, their real impact 

on communication processes emerges through contractual improvements rather than direct 

intervention. Thus, while Qian and Papadonikolaki (2020) emphasized the integrative power 
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of technology, this study refines their argument by identifying contractual architecture as the 

critical pathway for activating those capabilities. 

 

5.1.6.  and positive effect on 

 

 

One of the most critical findings of this study is related to Hypothesis H6, which serves 

as a critical link between process inputs and outputs in the proposed framework. The SEM 

analysis revealed that the strongest direct relationship exists between contractual process 

improvements and communication process enhancements (0.786), validating Zhang et al. 

accountability, all of which improve communication efficiency. This finding directly 

of 

internal processes and information flows. The focus group participants reached a unanimous 

consensus on the central role of H6, emphasizing that the successful implementation of 

blockchain solutions is highly dependent on their ability to enhance contractual and 

communication mechanisms. Thus, the results demonstrate that contractual digitization is 

the central conduit through which blockchain enhances organizational communication.  

 

5.1.7.   and positive effect on 

 

 

The rejection of hypothesis H7 shows that despite their conceptual alignment with 

collaboration and transparency, emerging management methods did not directly affect 

communication processes, contradicting earlier findings by Ozorhon (2013) and Tezel et al. 

(2022). The focus group offered an explanation rooted in practice: management approaches 

lack enforcement mechanisms unless integrated with digital or contractual systems. This 

supports the idea that management methodologies must be embedded within enforceable 

process structures. Therefore, while theoretically aligned, emerging management methods 

function more as contextual enablers than as direct levers of communicative improvement. 
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5.1.8.  and positive effect 

-term  

 

In examining the broader implications of blockchain adoption, the study also 

highlights the temporal nature of its benefits, with focus group participants agreeing that the 

most immediate advantages are realized in the short term. Improved communication 

processes are shown to significantly impact short-term project outcomes (0.469), confirming 

the argument by Zhang et al. (2023) that blockchain streamlines workflows and accelerates 

contractual transactions. These findings align with Li et al. (2018), who noted that digital 

traceability facilitates dispute resolution and reduces operational delays. Thus, 

communication efficiency emerges as a key tactical enabler of short-term project success, 

influencing contract execution, payment mechanisms, supply chain coordination, and 

information management. 

 

5.1.9.  and positive effect 

-  

 

Communication improvements also exert a positive, though moderately strong, 

influence on long-term outcomes (0.356), suggesting that sustained, structured 

communication underpins broader organizational benefits. This supports the work of Ye et 

al. (2022), who posited that communication maturity contributes to trust building and 

institutional resilience. Qian and Papadonikolaki (2020) similarly noted that interoperable 

communication systems help scale digital transformation across project portfolios. 

Therefore, communication enhancement is a strategic asset, gradually shaping long-term 

capabilities such as reputation, compliance, and innovation readiness. 

 

5.1.10.  -  and -term 

 

 

Finally, the strong relationship between short term and long term outcomes (0.587) 

(2023) assertion that successful short-term project execution serves as a precursor to broader 

long-term benefits, as early gains in process efficiency, risk mitigation, and financial 
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transparency contribute to sustained organizational growth and industry-wide 

transformation. Zhang et al. (2023) further argued that initial efficiency gains build trust and 

commitment among stakeholders, reinforcing the adoption cycle. Further validated during 

the focus group, these findings collectively suggest that short term wins are not only 

operationally beneficial but also strategically formative, laying the groundwork for sustained 

industry impact. 

 

The most novel and consequential finding reveals that motivational factors outweigh 

technological readiness in driving blockchain integration within contractual processes. This 

insight challenges prevailing assumptions that prioritize technological maturity and instead 

positions organizational intent and drive as crucial enablers of innovation adoption. 

Furthermore, the study identifies the integration of advanced technologies, not management 

innovations, as a more potent catalyst for successful implementation, underscoring the 

importance of aligning blockchain solutions with existing digital infrastructures. The 

validation of Hypothesis H6 further refines the proposed implementation framework, 

establishing the enhancement of communication processes as a central mechanism through 

which blockchain delivers value, mediated primarily via contractual improvements. 

Importantly, the study also challenges traditional models by rejecting the direct influence of 

both technological and managerial innovations on communication efficacy, thereby offering 

a reconfigured perspective on process interdependencies. Finally, the research underscores 

the temporal stratification of blockchain benefits, with immediate process-level gains 

serving as a strategic foundation for long-term organizational advancement. Collectively, 

these findings present a robust, empirically grounded contribution to implementation theory 

and offer practical insights for guiding the strategic deployment of blockchain in complex 

construction environments. 

 

5.2.  Evaluation of the Observed Variables 

 

5.2.1.  Motivations 

 

The motivations cluster encompasses a range of factors that play a significant role in 

the initial phase of blockchain adoption, particularly informational, financial, and intrinsic 

motivations. The results of the analysis emphasize the critical importance of two primary 
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motivational factors: MT2, the willingness of project stakeholders, and MT4, the support 

from top management. These elements, characterized as internal motivations, reflect a sense 

of commitment that is fundamental for the successful integration of blockchain technology 

into construction processes. This aligns with the findings of Obidallah et al. (2024), who 

highlighted the significant role of organizational commitment in the adoption of emerging 

technologies, including blockchain. The focus group discussions further validated this by 

emphasizing the central role of commitment from all parties involved in ensuring a smooth 

and effective adoption. Participant P8 specifically underscored that top management support 

acts as a clear manifestation of an organiza

advancements. This assertion is consistent with Li et al. (2022), who argued that top 

management involvement is a critical success factor in driving blockchain adoption within 

organizations. Moreover, P3 pointed out that client demand, including government 

technology, which resonates with previous findings by Caglayan and Ozorhon (2023), who 

identified the commitment of project teams as a key driver for the adoption of other emerging 

technologies like BIM. 

 

On the other hand, the analysis also revealed that MT6, competitive pressure, was the 

least significant factor in motivating blockchain adoption. Competitive pressure represents 

an external motivator that currently holds less weight in the decision-making process 

compared to internal motivations. During the focus group discussions, P2 noted that 

blockchain is still a novel technology within the construction industry, and as such, 

competitive pressure is not yet a strong enough driver for its adoption. This observation is 

consistent with Rathnayake et al. (2022), who acknowledged that the adoption of blockchain 

in the construction industry is still in its early stages, and therefore, competitive pressure is 

likely to gain prominence only as blockchain becomes more widely adopted and recognized 

across the industry. In contrast, competitive pressure serves as a significant driving force for 

blockchain adoption within the banking and finance industries, largely due to the relatively 

higher technological maturity and widespread implementation in these fields (Chen et al., 

2020). 
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5.2.2.  Technological Readiness 

 

The technological readiness cluster reflects the adequacy of technological 

infrastructure and industry maturity required to support blockchain adoption. The study 

found that TR2, the availability of guidelines and standards, emerged as the most crucial 

factor, followed by TR3, the applicability of technology, TR5, the feasibility of pilot 

projects, and TR6, the convenience of legal infrastructure. The focus group participants 

reached a consensus that a strategic roadmap is necessary for companies to successfully 

integrate blockchain into their operations, ensuring its compatibility with existing business 

practices. Participant P6 emphasized the importance of achieving a shared understanding 

among industry stakeholders, which can be facilitated through the establishment of clear 

guidelines and standards. This observation is in line with Li and Kassem (2019), who noted 

that the lack of industry-wide standards can act as a significant barrier to blockchain 

adoption. The need for clear, actionable roadmaps was echoed by several focus group 

participants, who agreed that having a well-defined path forward is essential to overcome 

the uncertainties associated with blockchain integration.  

 

Additionally, Participant P8 highlighted the critical importance of TR6, convenience 

of legal infrastructure, emphasizing that the absence of clear legal frameworks poses a 

significant barrier to blockchain adoption. P8 noted that stakeholders are understandably 

reluctant to engage in activities that may conflict with existing legal norms, reinforcing the 

notion that regulatory uncertainty undermines confidence in implementation. As such, the 

participant stressed the urgent need for the development of robust and adaptive regulations 

to provide legal clarity, ensure compliance, and foster a secure environment for the 

integration of blockchain technologies within the construction industry. 

 

 

5.2.3.  Advanced Technologies 

 

The advanced technologies cluster refers to the most current technological tools being 

used in the construction industry. The analysis revealed that AT3 IoT, is considered the most 

critical tool for integrating blockchain technology, followed by  

AT2 GIS, AT4 RFID, AT1 BIM, and AT7 robotics. In the focus group discussions, P3 
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highlighted that the IoT generates large amounts of data that can be effectively used by 

facility managers in digital twin operations, with blockchain providing a secure 

infrastructure for managing and sharing this data. This finding is supported by Tezel et al. 

(2020), who argued that IoT-based blockchain applications hold significant potential for the 

development of digital twins in construction. Additionally, blockchain based digital twins 

can boost information management in several dimensions (Teisserenc and Sepasgozar, 

2021). Moreover, P10 noted that the choice of technology to integrate with blockchain 

largely depends on the specific goals of the implementation. For instance, RFID may be 

more suited for supply chain applications, while BIM and GIS may be more applicable for 

payment systems or progress tracking. This perspective aligns with the work of Yang et al. 

(2020), who identified RFID, IoT, and BIM as essential components for effective blockchain 

integration in the construction industry. 

 

The adoption of advanced technologies tends to be highly dependent on the specific 

characteristics of each industry and the intended application. For instance, in the banking 

and finance industry, blockchain can be integrated with various financial instruments to 

enhance the efficiency of know your customer procedures and improve compliance with 

anti-money laundering regulations (Chen et al., 2020). Similarly, the healthcare industry 

applies blockchain in conjunction with tailored information management systems designed 

for hospital environments (Azaria et al., 2016). Consequently, the configuration and 

outcomes of advanced technology clusters are likely to differ according to the particular 

industry under investigation. 

 

5.2.4.  Emerging Management Methods 

  

The analysis of emerging management methods revealed substantial variation in the 

effectiveness of different managerial approaches, with agility being the most impactful for 

the integration of blockchain technology. According to a report by Institution of Civil 

Engineers (2018), blockchain is poised to play a crucial role in the digital transformation of 

the construction industry, which necessitates agile strategic approaches to project 

management. Consistent with this, Ozorhon et al. (2022) emphasized that agile construction 

practices are essential for adapting to the dynamic nature of emerging technologies like 

blockchain. This focus on agility aligns with the broader industry trend of adopting flexible, 
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responsive management approaches to deal with the rapidly evolving technological 

landscape. Participant P6 expressed surprise at the extent of variation among the factors 

influencing emerging management methods, particularly drawing attention to the 

unexpectedly low score of EM2, IPD. Given IPD's collaborative nature and its theoretical 

alignment with blockchain's decentralized principles, P6 had anticipated a higher level of 

significance attributed to this method. 

 

5.2.5.  Contractual Process Improvements 

 

The contractual process improvements cluster refers to the potential applications of 

blockchain in enhancing the management of construction contracts. The findings suggest 

that CT5, which involves enhanced data management, and CT1, automated progress 

tracking, are the most critical areas for improvement. Focus group participants confirmed 

that blockchain adoption is expected to significantly improve data management and 

improvement. Turk and Klinc (2017) similarly emphasized that blockchain technology 

enhances data reliability and secure data storage. While automated payments and improved 

vendor management (CT2 and CT4) were considered important, participants pointed out that 

resistance to change, especially in payment systems, might slow down the adoption of these 

features. However, this resistance may diminish over time as new financial regulations are 

introduced, as noted by Ahmadisheykhsarmast and Sonmez (2020).  

 

Similar to advanced technologies, contractual process improvement are also context-

dependent and may differ across industries according to the specific use case requirements. 

Unlike other industries that have adopted blockchain technology, the construction industry 

is characterized by a fragmented structure and a project-based operational model, both of 

which pose significant challenges to implement permanent changes within traditional 

workflows (Perera et al., 2020).  

 

5.2.6.  Communication Process Improvements 

 

In the communication process improvements cluster, the analysis revealed that CM3 

advanced data consistency, CM1 advanced data traceability, and CM2 advanced data 



95 
 

reliability were the most significant communication-related improvements expected from 

blockchain adoption. The focus group participants agreed that blockchain technology, as a 

data-sharing and storage infrastructure, would enhance the consistency, traceability, and 

reliability of communication processes among project stakeholders. Ye et al. (2022) 

similarly noted that blockchain integration addresses key challenges in construction 

communication, facilitating more transparent, reliable exchanges. P7 pointed out that while 

improved collaboration was rated lower, it may function as more of an enabler for blockchain 

adoption rather than a direct outcome.  

 

Additionally, Participant P4 emphasized that enhancing trust and collaboration within 

the construction industry is a long-term endeavor that cannot be achieved solely through the 

adoption of new technologies such as blockchain. P4 noted that while technological solutions 

may provide tools to support transparency and accountability, the cultivation of trust and 

collaborative culture requires sustained organizational effort, behavioral change, and 

interpersonal engagement. This observation highlights the socio-technical complexity of 

digital transformation, where technological implementation must be complemented by 

parallel shifts in organizational mindset and stakeholder relationships. 

 

Participant P6 emphasized that building trust within the construction industry 

necessitates openness and transparency, suggesting that increased openness could yield 

significant benefits for industry practices. However, P6 also questioned whether the industry 

is truly prepared to embrace such a cultural shift toward transparency. Expanding on this 

concern, Participant P8 observed that the construction industry has traditionally been 

resistant to full transparency, often perceiving it as a potential risk or negative outcome rather 

than a value-enhancing attribute. In contrast, Participant P3 offered a more optimistic 

perspective, arguing that this challenge can be addressed through the flexible design of 

blockchain systems. Specifically, P3 noted that different blockchain configurations such 

as permissioned networks or customizable access controls can balance the need for 

transparency with the industry's desire for confidentiality, thus offering a tailored solution to 

accommodate varying levels of openness. 
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5.2.7.  Short Term Outcomes 

 

The short term outcomes cluster represents the immediate benefits expected from 

blockchain implementation. Findings suggest that blockchain can significantly enhance 

project timelines, resulting in faster completion and lower costs. P3 mentioned that 

accelerated project timelines could be achieved due to the continuous flow of resources and 

funds facilitated by blockchain technology. Similarly, P8 pointed out that cost reductions 

could be achieved by eliminating the need for trusted intermediaries. Participants agreed that 

these short-term outcomes depend on effective project management. Li et al. (2018) also 

highlighted that blockchain reduces transaction costs by eliminating third-party 

intermediaries. Additionally, risk management was identified as a key driver for adopting 

blockchain-enabled smart contracts (Koc and Gurgun, 2020). P2 observed that while 

blockchain mitigates certain risks, it also introduces new challenges, which explains the 

moderate importance placed on (SO3) reduced risks. P6 emphasized the importance of 

developing a well-defined business case in future research to accurately capture and reflect 

the practical realities of blockchain implementation. 

 

5.2.8.  Long Term Outcomes 

 

Finally, the long term outcomes cluster reflects the sustained benefits of blockchain 

adoption. The most significant long-term outcome was identified as LO6, which involves 

enhanced knowledge management. P8 noted that blockchain proficiency enables 

construction companies to improve their knowledge management capabilities, leading to 

more informed decision-making. This is consistent with findings by Qian and 

Papadonikolaki (2020), who argued that the integration of digital technologies, including 

blockchain, strengthens the decision-making process. Additionally, Safa et al. (2019) 

highlighted that blockchain offers significant opportunities for improving knowledge 

management, a critical component for fostering organizational growth and strategic foresight 

in the construction industry. The participants reached a consensus that blockchain adoption 

has the potential to accelerate digitalization in the construction industry by eliminating key 

barriers related to data and information management. They agreed that blockchain's secure, 

transparent, and immutable nature could streamline data sharing and reduce inefficiencies, 

thereby enhancing the overall management of information throughout the project lifecycle. 
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This could serve as a catalyst for broader digital transformation within the industry, 

improving both operational efficiency and collaboration among stakeholders.  

 

In comparison with existing literature, the findings of this study are unlikely to vary 

significantly across national contexts. For instance, Sun et al. (2023) examined critical 

success factors for the implementation of blockchain technology in the construction industry 

by synthesizing data from studies conducted in over 20 countries, while Singh et al. (2023) 

concentrated specifically on the Indian construction industry. Despite the geographical 

differences, both studies identified a set of critical factors that closely align with the findings 

of the present research, particularly in relation to comparable use cases. This consistency 

suggests a degree of universality in the key determinants influencing blockchain adoption in 

the construction industry.  

 

A key novel contribution lies in the identification of internal motivational factors, 

specifically stakeholder willingness and top management support, as the most influential 

drivers in the early stages of adoption, eclipsing external pressures such as competitive 

dynamics. This finding reorients traditional diffusion models by emphasizing the primacy of 

organizational commitment and leadership engagement. Equally s

demonstration that technological readiness, particularly the availability of guidelines and 

standards, is foundational for integration, highlighting the necessity for structured industry 

roadmaps. Within the advanced technologies cluster, the prominence of IoT as a catalyst for 

blockchain-enabled digital twins advances the discourse on synergistic tech ecosystems. The 

research also introduces agility as the most effective emerging management method, offering 

a nuanced perspective on how responsive managerial frameworks can facilitate 

technological integration. On the process level, the findings underscore that data 

management and automated progress tracking are critical contractual improvements, while 

data consistency, traceability, and reliability are central to communication process 

enhancements. Notably, the study differentiates between the short-term operational benefits, 

such as cost and time efficiency, and long-term strategic gains, with knowledge management 

emerging as a vital area of impact. By mapping these clusters through both statistical analysis 

and qualitative insights, this study not only refines existing adoption frameworks but also 

contributes a holistic model of blockchain integration that captures both the immediate and 

enduring transformations in construction project delivery.  
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6.  CONCLUSIONS 
 
 

6.1.  Research Summary 

 

The integration of blockchain technology into construction contract management 

practices presents substantial advantages for construction projects and industry stakeholders. 

The success of such an implementation is highly dependent on the guidance provided by a 

well-structured strategic roadmap. This research proposes a strategic roadmap following an 

in-depth analysis of the constructed framework and its key components. A comprehensive 

framework was developed to represent the blockchain implementation process by 

identifying, categorizing, and organizing critical factors into distinct constructs. A targeted 

questionnaire survey was designed and distributed to selected participants, with the collected 

data analyzed using SEM. Based on the analysis results, a preliminary strategic roadmap was 

drafted. To further validate the findings, a focus group meeting was conducted with industry 

experts, which enabled refinement of the initial roadmap by incorporating expert insights 

and practical considerations. Major research findings can be summarized as:  

 

 Motivational factors have a greater impact on blockchain adoption than 

technological readiness. 

 Advanced technologies exert a stronger influence on blockchain integration 

than emerging management methodologies. 

 H6 showed the strongest direct relationship, indicating blockchain significantly 

enhances communication through contractual improvements. 

 H5 and H7 were rejected, suggesting that technological and managerial 

advancements influence communication indirectly, primarily via contractual 

process enhancements. 

 MT2 (Stakeholder willingness) and MT4 (Top management support) are the 

most critical motivational drivers. 

 MT6 (Competitive pressure) is the least influential, reflecting the early stage 

of blockchain adoption in construction. 
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 TR2 (Availability of guidelines/standards) is the most crucial readiness factor. 

 The need for a strategic implementation roadmap and shared industry 

understanding was emphasized. 

 IoT (AT3) is the most critical technology for blockchain integration, followed 

by GIS, RFID, BIM, and robotics. 

 Technology choice should align with project-specific goals (e.g., RFID for 

supply chain; BIM for payment systems). 

 Agile strategies help organizations adapt to the dynamic nature of emerging 

digital technologies. 

 CT5 (Enhanced data management) and CT1 (Automated progress tracking) are 

key areas improved by blockchain. 

 Resistance to change, particularly in payment systems, may slow adoption, but 

could be mitigated by regulatory evolution. 

 CM3 (Advanced data consistency), CM1 (Traceability), and CM2 (Reliability) 

are the most significant expected communication improvements. 

 Blockchain can accelerate project timelines and reduce costs by ensuring 

uninterrupted resource flow and removing intermediaries. 

 SO4 (Accelerated schedule) and SO5 (Reduced costs) are the most significant 

short-term benefits, as blockchain enables continuous resource and fund flow, 

expediting project timelines and reducing costs by eliminating trusted 

intermediaries. 

 Risk mitigation is a moderate benefit, as blockchain reduces some risks but 

introduces new challenges. 

 LO6 (Enhanced knowledge management) is the most significant long-term 

benefit. 

 Blockchain facilitates better organizational decision-making and strategic 

foresight, strengthening long-term industry competitiveness. 
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Based on the above findings, the main observations concluded from the research are 

indicated as: 

 

 Despite the nascent state of blockchain adoption within the construction 

industry, motivated companies are not deterred from exploring its potential. 

However, organizational commitment is essential for successful 

implementation, as blockchain may not be feasible without the development of 

guidelines and standards to ensure compatibility with existing business 

operations.  

 Advanced technologies act as the primary enabler of blockchain integration, 

while innovative management techniques play a comparatively less influential 

role. The integration of complementary advanced technologies significantly 

enhances the efficiency of data management and monitoring processes.  

 Blockchain technology facilitates consistent, traceable, and reliable 

communication within construction project workflows, leading to both direct 

and indirect benefits. These improvements have the potential to accelerate 

project completion timelines, reduce costs, and enhance f

manage knowledge and make informed decisions. 

 

6.2.  Contributions 

 

The proposed framework advances the existing body of knowledge by (i) identifying 

the core components essential for blockchain adoption in construction contract management, 

(ii) outlining the interrelationships among these components, and (iii) uncovering the 

foundational factors that influence their interaction.  

 

This research makes a novel contribution to the literature by systematically exploring 

the integration of blockchain technology into construction contract management. By 

meticulously identifying critical factors and analyzing the intricate interdependencies among 

key constructs, the study advances theoretical understanding. Moreover, it offers a 

rigorously developed and structured roadmap, providing valuable guidance for the practical 

deployment of blockchain in construction contract processes. Distinct from existing 
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roadmaps, this study adopts a holistic perspective encompassing the entire lifecycle of 

implementation. It provides detailed, strategically grounded recommendations that transcend 

nnovative focus 

on blockchain-enabled practices in construction contract management, marking a significant 

departure from prior context-specific and narrowly scoped approaches. 

 

The strategic roadmap structured into three distinct phases: pre-implementation, 

implementation, and post-implementation. This roadmap articulates tailored strategies for 

each phase and includes actionable recommendations to support the effective execution of 

each stage. Collectively, it offers valuable guidance for construction industry stakeholders 

aiming to incorporate blockchain technology into their contract management processes. 

 

The pre-implementation phase focuses on raising industry awareness, establishing 

legal frameworks and standardized guidelines, demonstrating organizational commitment, 

and showcasing use cases to facilitate a smooth adoption process. The implementation phase 

involves identifying project-specific needs, tailoring strategies for various contract 

management applications such as payment processing, supply chain management, and 

information management, integrating advanced technologies, engaging relevant 

stakeholders, and ensuring alignment of decentralized systems with existing business 

operations. The post-implementation phase emphasizes sustaining innovation, establishing 

feedback loops to address challenges, leveraging outcomes to optimize benefits and industry 

reputation, and creating case studies to serve as best-practice references for future initiatives. 

 

6.3.  Recommendations and The Strategic Roadmap 

 

During the focus group study, the initially developed preliminary roadmap underwent 

further refinement based on participant discussions. The finalized version of this strategic 

roadmap is illustrated in Figure 6.1. The roadmap delineates targeted strategies across 

different implementation phases, complemented by specific recommended actions to ensure 

the effective execution of each strategic step.  
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Figure 6.1. The strategic roadmap. 

 

The primary objective of the strategic roadmap is to systematically address the critical 

factors identified through the comprehensive analysis of the developed framework. 

Accordingly, the strategic initiatives and corresponding recommendations are meticulously 

aligned with these findings, while also incorporating the valuable insights and perspectives 

shared by focus group participants. Over time, the efficacy of these strategies can be further 

evaluated and validated by industry professionals. This strategic roadmap offers essential 

guidance for construction industry stakeholders seeking to integrate blockchain technology 

into contract management practices. 
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In the pre-implementation phase, four fundamental strategic actions are recommended 

to facilitate a smooth and successful blockchain adoption process. The first step involves 

enhancing industry awareness by actively engaging with key stakeholders and professional 

communities. This serves as a foundational measure, ensuring that industry players are well-

informed about blockchain technology and its potential benefits. Complementary to this, the 

publication of standardized guidelines and the establishment of regulatory frameworks are 

imperative for fostering a common understanding among stakeholders and providing clear 

direction for practitioners. Demonstrating a strong commitment to the adoption process 

represents another critical strategic action at this stage, as organizational dedication plays a 

pivotal role in  successful deployment. Lastly, showcasing practical use cases 

is essential for demonstrating real-world applications, helping industry professionals 

recognize potential opportunities, and preparing them for a seamless transition to 

blockchain-enabled workflows. 

 

The implementation phase is initiated by the identification of project-specific 

requirements, ensuring that realistic and achievable objectives are established from the 

outset. At this stage, tailored strategies are designed based on the desired use cases, which 

may include payment automation, supply chain optimization, and information management 

enhancement. Each of these use cases requires distinct implementation methodologies, 

particularly in relation to the integration of advanced technologies, as the specific advantages 

of blockchain differ depending on the application. Regardless of the chosen use case, the 

involvement of relevant stakeholders is crucial to maintain alignment, foster collaboration, 

and ensure a smooth adoption process. The final step in this phase involves the development 

of a decentralized system that seamlessly integrates with existing business operations, 

ensuring compatibility and functionality within the established industry framework. 

 

In the post-implementation phase, four strategic actions are recommended to ensure 

the long-term sustainability and effectiveness of blockchain integration within the 

construction contract management domain. The priority is to maintain an innovative 

mindset, which is critical for preserving the relevance and adaptability of the system over 

time. Secondly, establishing a feedback loop is essential for continuously monitoring 

progress, addressing emerging challenges, and providing actionable insights for system 

improvements. The third action focuses on leveraging blockchain outcomes to enhance 
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industry reputation. Finally, the creation of case studies is proposed as a valuable strategy 

for documenting lessons learned, serving as reference points for future implementations, and 

establishing benchmarks for best practices in blockchain-enabled construction contract 

management. 

 

Table 6.1. provides a detailed categorization of these recommendations according to 

their scope of application, distinguishing between project-level, company-level, and 

industry-wide strategies. Given that blockchain technology's primary applications in 

construction contract management are centered on payments, supply chain management, and 

information management, the proposed strategies are specifically tailored to optimize these 

key areas. 

 

Table 6.1. Recommended strategic actions. 
 

Strategies Recommended Strategic Actions  

Enhance 
Industry 

Awareness 

1) Engage with blockchain communities to host conferences aimed 
at expanding industry knowledge. * 

 

2) Collaborate with academic institutions to provide training for 
professionals and introduce graduate-level courses.* 

 

3) Offer specialized training programs for employees and collaborate 
with experienced consultants. ** 

 

4) Dedicate part of projects to pilot trials to foster experiential 
learning. *** 

 

Establish 
Clear 

Guidelines 
and Legal 

Frameworks 

1) Publish comprehensive guidelines, including integration strategies 
for legacy IT and accounting systems.* 

 

2) Develop legal frameworks to ensure compliance with regulatory 
requirements.* 

 

3) Create industry-specific standards. **  

4) Incorporate blockchain-specific clauses into diverse contract 
forms. ** 

 

5) Define organizational protocols tailored to blockchain use cases. 
** 

 

Demonstrate 
Commitment 
to Adoption 

1) Provide incentives or bonuses for projects implementing 
blockchain technology. * 

 

2) Mandate the use of blockchain for specific applications. *  

3) Identify and implement project delivery models that facilitate 
blockchain adoption.* 

 

4) Support ongoing research and development efforts. *  

5) Define clear company objectives and expectations for blockchain 
use. ** 
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6) Form internal blockchain study groups to encourage collaborative 
learning.** 

 

7) Establish a rewards system to promote blockchain integration in 
projects. *** 

 

Showcase 
Practical 

Use Cases 

1) Assess project-specific needs and identify potential blockchain 
applications. * 

 

2) Validate blockchain applicability by demonstrating successful use 
cases. * 

 

3) Facilitate a smooth transition through phased implementation.*  

4) Integrate blockchain into other digital delivery plans, such as BIM 
execution plans (BEP).** 

 

5) Learn from pilot projects and case studies to refine practices. **  

Determine 
Project's 
Needs, 
Define 

Objectives 
and Scope 

1) Clarify the purpose of blockchain implementation and begin with 
manageable pilot projects. ** 

 

2) Determine the specific data to be secured via blockchain, avoiding 
overextension. *** 

 

3) Incorporate blockchain requirements into contractual 
documentation. *** 

 

4) Select appropriate blockchain types (public/private/hybrid) and 
operational models (e.g., proof of concept).*** 

 

5) Establish realistic goals and secure stakeholder consensus on 
scope. *** 

 

6) Integrate blockchain with complementary technologies to 
maximize benefits.*** 

 

7) Ensure robust mechanisms for data capture and recording to 
support blockchain functionality.*** 

 

Enhance 
Payment 

Management 

1) Utilize BIM in your project and keep it synchronized with your 
BOQ *** 

 

2) Secure blockchain-enabled tracking of schedules, costs, and 
project progress. *** 

 

3) Develop automated progress tracking systems integrating 
robotics, IoT, and RFID technologies. *** 

 

4) Implement blockchain-based payment systems aligned with 
contractual payment terms. *** 

 

5) Utilize smart contracts to automate payments based on completed 
work percentages per BOQ item. *** 

 

Streamline 
Supply 
Chain 

Management 

1) Encourage and assist suppliers in adopting blockchain systems.**  

2) Leverage IoT and RFID technologies to collect and blockchain-
enable material and transportation data. *** 

 

3) Automate supply chain management in accordance with contract 
terms. *** 

 

4) Utilize Smart Contracts to initiate the payments upon the defined 
completions. *** 

 

1) Employ an information management tool for your project ***  

2) Ensure all the project data is decentralized by blockchain***  
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Improve 
Information 
Management 

3) Ensure data from other advanced technologies are blockchained 
*** 

 

4) Utilize blockchain for real-time digital twin data in facility 
management *** 

 

Ensure 
System 

Integration 

1) Integrate blockchain with legacy IT systems**  

2) Establish mechanisms for verifying the accuracy of blockchain 
data.** 

 

3) Ensure the system allows for a traceable, immutable, transparent 
and secure, data management *** 

 

4) Develop long-term strategies for sustaining blockchain networks 
across projects.*** 

 

5) Expand blockchain applications across disciplines and foster 
collaboration among stakeholders. *** 

 

6) Assign blockchain champions within organizations to drive 
implementation. *** 

 

7) Employ risk management strategies to address potential 
challenges.*** 

 

8) Ensure blockchain is integrated with relevant workflows. ***  

Sustain 
Innovations 

1) Support long-term innovation through sustained investments in 
training and technology. ** 

 

2) Encourage collaboration among stakeholders throughout the 
project lifecycle. *** 

 

Set 
Feedback  

Mechanisms 

1) Regularly monitor progress toward previously set goals. ***  

2) Evaluate outcomes, identify issues, and take corrective actions as 
needed*** 

 

Leverage 
Results 

1) Use successful outcomes to inform decision-making processes.**  

2) Promote blockchain successes to enhance organizational 
reputation.** 

 

Share 
Knowledge 

and 
Experiences 

1) Partner with institutions to share insights and experiences. *  

2) Create detailed case studies for benchmarking and improvement.*  

3) Learn from others to refine blockchain practices further.** 
 

Level of Actions: *Industry, **Company, ***Project 
 

 

 

This strategic roadmap identifies a total of 58 recommended strategic actions for 

integrating blockchain technology into construction contract management, categorized 

under 13 key strategies. These actions are classified across three implementation levels: 13 

actions are directed at the industry level, 16 at the company level, and 29 at the project level. 

This distribution highlights the emphasis on project-level initiatives, underlining the 

importance of operational experimentation and direct application in driving adoption. 
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The integration of blockchain technology into construction contract management 

begins with raising awareness across the industry. This involves engaging with blockchain 

communities, forming partnerships with academic institutions, and offering targeted training 

programs that enhance the knowledge base of professionals. Additionally, organizations are 

encouraged to invest in experiential learning through pilot projects, which serve as a 

practical entry point for understanding blockchain applications in real-world settings. 

 

Developing clear guidelines and legal frameworks is fundamental to supporting secure 

and standardized blockchain implementation. This includes the publication of integration 

guides for legacy IT and accounting systems, as well as the development of legal instruments 

to ensure regulatory compliance. At the company level, actions such as the creation of 

industry-specific standards, the inclusion of blockchain-specific clauses in contracts, and the 

definition of organizational protocols tailored to blockchain use cases help build a robust 

legal and procedural foundation. 

 

Organizational commitment is essential for the successful adoption of blockchain. 

Industry-level actions include providing financial incentives and mandating blockchain use 

in select applications. These are complemented by supportive project delivery models and 

sustained research and development efforts. At the company level, firms are advised to 

articulate clear objectives, facilitate internal study groups, and build incentive structures that 

reward successful blockchain integration at the project level. 

 

To demonstrate the practical value of blockchain, it is crucial to identify and validate 

specific use cases. This involves assessing project needs, showcasing successful 

implementations, and adopting phased strategies to ease the transition. Further value is 

derived from aligning blockchain initiatives with broader digital strategies such as BIM 

execution plans. Learning from pilot applications and case studies enhances the refinement 

and scalability of practices over time. 

 

A clear understanding of project needs, objectives, and scope enhances the targeted 

implementation of blockchain. Actions include clarifying the purpose of adoption, avoiding 

unnecessary data overextension, and embedding blockchain requirements within contractual 

documentation. Selecting the appropriate blockchain architecture and establishing realistic 
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goals ensures alignment with stakeholder expectations. Integration with other technologies 

and robust mechanisms for data capture further support functional deployment. 

 

Improving payment management is another critical area for blockchain adoption. By 

synchronizing blockchain with BIM and bill of quantities systems, construction teams can 

ensure accurate and real-time tracking of costs and progress. Automated systems that 

integrate robotics, IoT, and RFID technologies enhance data collection, while blockchain-

based payment systems and smart contracts align disbursements with contractual 

performance, ensuring transparency and efficiency. 

 

Blockchain also plays a significant role in streamlining supply chain management. 

Encouraging supplier adoption and integrating IoT and RFID for data collection enhances 

material tracking and logistical transparency. Automating these processes and employing 

smart contracts for payment execution helps reduce administrative burdens and ensures 

timely compliance with contractual terms. 

 

Information management is strengthened through the deployment of blockchain-

enabled tools that decentralize data storage and ensure immutability. Ensuring that data from 

advanced technologies is integrated and traceable supports comprehensive and real-time 

digital management systems, including the use of digital twins in facility operations. These 

practices are essential for informed decision-making and operational continuity. 

 

System integration is essential for ensuring that blockchain is embedded within 

existing digital infrastructures. This includes integrating with legacy IT systems, verifying 

data accuracy, and developing traceable and secure data management systems. Long-term 

strategies for sustaining blockchain networks, cross-disciplinary collaboration, and risk 

mitigation practices are emphasized to ensure resilience and adaptability in complex project 

environments. 

 

Sustaining innovation requires consistent investment in human capital and technology, 

encouraging long-term adoption. Ongoing training and the establishment of collaborative 

practices across stakeholders are recommended to facilitate the continuous evolution of 

blockchain applications throughout the project lifecycle. 
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Implementing structured feedback mechanisms is vital to measure progress and 

improve performance. Regular monitoring of project milestones and systematic evaluation 

of outcomes enable organizations to identify challenges early and take corrective actions, 

thereby ensuring adaptive and evidence-based management of blockchain initiatives. 

 

To build momentum, organizations are encouraged to leverage successful blockchain 

implementations. These outcomes can inform strategic planning, strengthen organizational 

reputation, and serve as reference points for scaling efforts. Communicating results 

effectively contributes to increased confidence and broader acceptance across the industry. 

 

Finally, sharing knowledge and experiences is critical for collective industry 

advancement. Partnering with academic institutions, producing case studies, and engaging 

in mutual learning allow organizations to benchmark practices, refine strategies, and 

accelerate the institutionalization of blockchain technologies in construction contract 

management. 

 

6.4.  Limitations 

 

Despite the comprehensive nature of this study, certain limitations should be 

acknowledged. One notable limitation is that only 10% of the survey respondents possess 

direct, hands-on experience with blockchain applications within the construction industry. 

As a result, many of the responses may be more perception-based rather than grounded in 

practical experience. This limitation can be attributed to the fact that blockchain adoption in 

the construction industry is still in its early stages, with relatively few projects fully 

implementing blockchain-based systems at this time. Consequently, the data collected may 

reflect a broader, less detailed understanding of blockchain technology in actual construction 

practices. However, it is important to note that the respondents' significant industry 

experience likely compensated for this limitation by providing well-informed and 

knowledgeable perspectives on the subject matter. 

 

In addition, the findings of this study were validated through expert feedback, 

particularly through a focus group study, which strengthens the credibility of the conclusions 

drawn. Expert opinions from professionals with in-depth experience in construction contract 



110 
 

management and blockchain technology offer additional reliability and ensure that the 

insights are well-grounded in the current realities of the industry. 

 

Another limitation pertains to the formulation of hypotheses and the identification of 

the underlying factors within the proposed model. These components were derived through 

an integration of existing literature and expert input, a process that inevitably involves a 

degree of subjective interpretation. As such, while the approach is based on established 

knowledge and expert insights, there is the potential for personal bias or subjective 

judgments to influence the way in which these factors were conceptualized. Future research 

may seek to refine these hypotheses by incorporating more diverse data sources or 

longitudinal studies that provide a deeper empirical foundation for the model.  

 

6.5.  Further Studies 

 

Considering the dynamic and rapidly evolving landscape of blockchain technology 

within the construction industry, coupled with its relatively limited representation in existing 

scholarly literature, it is essential for future research to build upon the insights derived from 

this study. One promising avenue for advancing knowledge is through the use of case studies 

and empirical research that focuses on real-world blockchain applications within the 

industry. Such research would provide valuable context and evidence for how blockchain is 

being adopted and integrated into actual construction projects, offering a clearer 

understanding of its practical implications. 

 

As blockchain technology continues to mature, it will become increasingly crucial for 

subsequent studies to incorporate longitudinal research methodologies. These studies could 

follow the progress of blockchain integration over extended periods, allowing for a more 

thorough examination of its long term impacts on contract management practices and overall 

project outcomes. To enhance the richness of data, future research efforts should specifically 

target participants with direct, hands-on experience in implementing blockchain solutions 

within their organizations. This would provide deeper empirical insights into the challenges 

and opportunities that arise from real-world applications, enabling a more comprehensive 

understanding of blockchain's effectiveness and limitations in a practical context. 
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Additionally, the same research structure could be utilized for other novel concepts 

that are at the infant stage within the construction industry such as AI. By engaging the same 

methodology for different industries, future investigations can significantly enrich the 

theoretical frameworks established in this study and offer actionable insights for 

practitioners in other industries. Ultimately, future research will be vital for unlocking the 

full potential of blockchain technology and guiding its successful adoption in other 

industries.  
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APPENDIX A:  

Blockchain Technology in The 

Construction Industry: Implications on 
Contract Management 
 
Dear Respondent, 

This research aims to collect information and opinions about the implementation of 
blockchain technology within the construction industry.  

This research is a part of PhD dissertation which conducted through University of 
 

Filling out the questionnaire will take 5 to 10 minutes at most.  

The data collected in this survey will be kept confidential and will only be considered as 
collective findings in the doctoral thesis.  

Thank you in advance for your participation and support. 

Ahmet Karacigan 
Ph.D. Candidate 
Bogazici University / University of Nottingham 
ahmet.karacigan@boun.edu.tr 
ahmet.karacigan@nottingham.ac.uk 

1) I have ..... years of experience in the construction industry. * 

2) I have been familiar with the construction contracts for ..... years. * 

3) I have been familiar with the blockchain technology for ..... years. * 

4) I am currently working in ..... . * 
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Arab Countries 

China 

European Union Countries 

India 

Japan 

Russia 

Turkey 

United Kingdom 

United States 

 

 

5) My role as a professional is ..... . * 

 

Academician 

Engineer/Architect 

Manager 

Director 

Senior Management 

Owner/Board 

Member/Investor  

 
6) The organisation I am working for is a ..... . * 

University 

Contractor 

Designer 

Consultant 

Developer/Investor 
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7) The organisation I am working for have ..... years of experience. * 

1-10 

11-50 

51-100 

101+ 
 

8) The organisation I am working for have a total of ..... employees. * 

1-25 

26-100 

101-500 

501-1000 

1001+ 

9) The organisation I am working for have an approximately ..... annual turnover . * 

Less than 1 Million USD 

1 to 10 Million USD 

10 to 50 Million USD 

50 to 100 Million USD 

More than 100 Million USD 

I don't know 
 

10) The organisation I am working for is specialized in following types of projects * 

 
Airport 

Subway 

Highway 

Industrial 

Infrastructure 

Residential Building 

Commercial Building 
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11) Have you ever been involved in a construction project utilizing blockchain * 

technology? 

Yes  

No  

 

Project Information 

Please fill the below questions based on your particular experience in the construction project 
that utilized blockchain technology. 
 

11.1) The project type was ..... . * 

Airport 

Subway 

Highway 

Industrial 

Infrastructure 

Residential Building 

Commercial Building 

 

11.2) The company's role was ..... . * 

Contractor 

Designer 

Consultant 

Client 

 
 
11.3) The duration of the project was ..... . (in months) * 

11.4) The total budget of the project was ..... . (in USD) * 

11.5) Blockchain technology was utilized for ..... . * 
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Payment Management

Supply Chain Management

Information Management 

11.6) Please explain shortly how you utilized the blockchain technology?

PROPOSED MODEL

Please read the brief information below.

Blockchain technology offers an infrastructure to create a transparent and traceable 
way of sharing and storing information among the project stakeholders. Within the 
literature, construction industry and blockchain technology mostly mentioned to be 
utilized on contract management processes mainly payment management, supply 
chain management, and information management.

A model framework has been developed in order to represent the implementation of 
blockchain technology in the construction industry. There are total of 8 clusters identified 
within the implementation process and modeled to represent a timeline from pre 
implementaton to post implementation. The arrows among clusters represent that a cluster 
assumed to be positivelty affecting the other.

Please evaluate the following factors based on 
your perception.

Your evaluations regarding the factors determined within this 
model framework will contribute to the development of this 
research.

Model Framework

Figure A.1. Initial framework for questionnaire survey
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Motivations

To what extent do you think the motivational factors listed below have an 
influence on the implementation of the blockchain technology for contract 
management purposes in the construction industry? (1: Very Low, 5: Very High)

1 2 3 4 5

Competence
of Project
Staff

Willingness
of Project
Parties

Company
Experience

Top
Management
Support

Budget and
Investments

Competitive
Pressure
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Technological Readiness

To what extent do you think the technological readiness factors listed below have 
an influence on the implementation of the blockchain technology for contract 
management purposes in the construction industry? (1: Very Low, 5: Very High)

321 4 5

Level of
Industry
Awareness

Availability
of Guidelines
and
Standards

Applicability
of
Technology

Availability
of
Benchmarks

Feasibility of
Pilot Trials

Convenience
of Legal
Infrastructure
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Advanced Technologies

To what extent do you think the utilization of advanced technologies listed 
below have an influence on the implementation of the blockchain technology for 
contract management purposes in the construction industry? (1: Very Low, 5: 
Very High)

Building
Information

Modeling
(BIM)

Geographic
Information

System
(GIS)

Radio
Frequency

1 2 3 4 5

Internet of
Things (IoT)

Identification
(RFID)

Artificial
Intelligence
( )AI

Big Data

Robotics
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Emerging Management Methods

To what extent do you think the utilization of emerging management methods 
listed below have an influence on the implementation of the blockchain 
technology for contract management purposes in the construction industry? (1: 
Very Low, 5: Very High)

1 2 3 4 5

Lean
Construction

Integrated
Project
Delivery
System

Agile
Management
Techniques
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Contractual Process Improvements

To what extent do you think the contractual process improvements listed below 
may be influenced by the implementation of the blockchain technology for 
contract management purposes in the construction industry? (1: Very Low, 5: 
Very High)

1 2 3 4 5

Automated
Progress
Tracking

Automated
Payment

Automated
Material
Tracking

Improved
Vendor
Management

Improved
Data
Management

Improved
Change
Management
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Communication Process Improvements

To what extent do you think the communication process improvements listed 
below may be influenced by the implementation of the blockchain technology for 
contract management purposes in the construction industry? (1: Very Low, 5: 
Very High)

Among
Stakeholders

31 2 4 5

Improved
Data
Traceability

Improved
Data
Reliability

Improved
Data
Consistency

Enhanced
Information
Transparency

Enhanced
Information
Security

Improved
Trust Among
Stakeholders

Improved
Collaboration
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Short Term Outcomes

To what extent do you think the short-term outcomes listed below may be 
influenced by the implementation of the blockchain technology for contract 
management purposes in the construction industry? (1: Very Low, 5: Very High)

Reduced
Number of

1 2 3 4 5

Claims and
Disputes

Eliminated
Payment
Issues

Reduced
Risks

Accelerated
Schedule

Reduced
Costs

Improved
Client
Satisfaction
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Long Term Outcomes

To what extent do you think the long-term outcomes listed below may be 
influenced by the implementation of the blockchain technology for contract 
management purposes in the construction industry? (1: Very Low, 5: Very High)

Fostered
Innovation

26. Do you believe that implementation of blockchain technology become widespread * 

among the construction industry in the future?

Yes

No

Not Sure

1 2 3 4 5

and
Digitalization

Automated
Processes

Improved
Decision
Making

Improved
Brand Value

Improved
Sustainability

Enhanced
Knowledge
Management


