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Abstract 

Tools established for managing information flow in supply chain management and logistics should 

match digital transformations. This issue is particularly salient for developing nations that hope to 

achieve sustainable development goals in a globalized era. Modern technologies are required to ensure 

a secure, transparent, and traceable path of information flow in global supply chains; however, it is not 

always straightforward for businesses in developing economies to adopt new digital technologies while 

sustaining productivity. One of the foundational technologies that can be used to create a basis for 

economic and social systems and to affect manufacturing supply chains in developing economies is 

blockchain. In this study, we analyze the barriers to blockchain technology adoption in manufacturing 

supply chains using the neutrosophic analytic hierarchy process (N-AHP). We propose an action plan 

framework for the validation of blockchain technology in a developing economy. The findings 

demonstrate that “transaction-level uncertainties” comprise the most critical barrier and have the highest 

weight in the final ranking followed by “usage in the underground economy”, “managerial 

commitment”, “challenges in scalability”, and “privacy risks”. This paper can assist industrial managers 

and experts in emerging economies to more clearly identify barriers to the implementation of blockchain 

technology and show them how to successfully employ blockchain technology in their supply chains. 
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1. Introduction 

Global supply chain (SC) configurations are becoming increasingly complex and are including 

numerous international partners. Billions of products are being manufactured, shipped, and delivered 

to customers through sophisticated SCs involving substantial volumes of data and information 

(Abeyratne & Monfared, 2016). Secure information sharing and verifiability are critical, requiring 

reliable technologies that can trace SCs (Saberi et al., 2019). Digitalization and Industry 4.0 

technologies have had a disruptive transformation effect across industries (Ivanov et al., 2019). 

Although organizations are becoming more informed, the role of digital SCs (DSCs) in adding value as 

well as the innumerable benefits of digitalization to the SC are not yet fully appreciated (Büyüközkan 

& Göçer, 2018). Reaping the benefits of new technologies in SCs is not possible without an appropriate 

implementation process, which requires a thorough preadoption analysis, including barrier 

identification. Advances in digital transformation have made numerous opportunities available for 

optimizing SCs. One of the technologies that could play a central role in shaping future DSCs is 

blockchain, an emerging technology that offers verified transaction data storage (Petersen et al., 2018). 

One reason for the rapid growth of blockchain implementation in operations and supply chain 

management (OSCM) is its capability to provide a solution for the issue of managing sophisticated SCs 

at a time when transparency, speed, and agility are of the highest importance (Cole et al., 2019). Cole 

et al. (2019) noted a significant gap in the OSCM literature related to exploring the challenges and 

opportunities that blockchain offers to the OSCM field. 

A blockchain is structured as a “chain” of interconnected data blocks (Babich & Hilary, 2020). 

Each transaction made by any member of the SC is time-stamped in the blockchain and recorded in a 

shared ledger through a decentralized network of computers. This ledger is continuously updated in 

real-time. New avenues of development have been opened up by foundational technologies such as 

blockchain, which can also offer visibility to higher tiers in advanced SCs (Babich & Hilary, 2020). A 

survey in the World Economic Forum showed that 10% of global GDP will be stored on blockchains 

by 2027 (Carson et al., 2018). 

White (2017) noted that blockchain research is still in its infancy. Risius and Spohrer (2017) 

suggested that future studies should emphasize its impact on employment, value creation, and 
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governance rather than technical questions related to design and features. They also indicated that 

practical contributions to blockchain research are few and far between and focused on only a few topics. 

Kouhizadeh et al. (2019) indicated that manufacturing is the field with the highest capability and 

potential to enhance business value by implementing blockchain technology. In general, real industrial 

applications of blockchain are inadequate (Pournader et al., 2020). Only a few instances of large-scale 

blockchain technology have been successfully implemented (Babich & Hilary, 2020). Choi and Ouyang 

(2021) determined six unique categories of blockchain utilization and identified them as having two 

major functions: record keeping and transacting. Overall, the future of blockchain technology seems 

promising as ever more successful applications are implemented. Currently, blockchain is being 

integrated with Internet of Things (IoT) sensors to provide integrated cold chains for organs, drugs, and 

blood (Chanson et al., 2019). 

However, blockchain technology is an unfamiliar area for many SC managers in businesses 

operating in developing economies. This point is crucial when faced with dramatic organizational 

change. Entrenched mindsets and managerial practices currently in use can make the process difficult 

and lengthy. In the next decade, developing economies will have to keep up with modern technologies 

such as blockchain to be able to participate in global SCs, stabilize their positions, and gain competitive 

advantages for sustainable economic development. Blockchain technology will radically change 

various aspects of SCs. Naturally, barriers to the implementation of blockchain technology exist that 

require new adaptations. It is imperative to understand the major barriers that can hinder the appropriate 

implementation of blockchain technology in SCs in developing economies and what policies should be 

established to overcome them. White (2017) identified areas in which blockchain technology could 

have a considerable effect on business. His findings indicated that the usefulness of employing 

blockchain in global SCM would be uncertain. Extended academic and practical attention is required 

to realize the benefits of and obstacles to the adoption and development of this system. Frizzo-Barker 

et al. (2020) conducted a systematic review of research focused on blockchain in the business literature 

and highlighted the gap and necessity of further research on the application of blockchains in non-

Western contexts to understand its socioeconomic impact. Lim et al. (2021) also reviewed the literature 
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on blockchain technology applications in supply chains and revealed research opportunities for using 

multicriteria decision analysis (MCDA) along with simulation and mathematical modeling. 

Thus, a developing economy (i.e., Iran) has been considered as a case in our paper with a particular 

focus on manufacturing SCs. This study aims to answer the following research questions: 

(1) What are the critical barriers to blockchain implementation in a developing economy? 

(2) How are these barriers prioritized in manufacturing supply chains in a developing economy? 

(3) How can critical barriers assist in validating blockchain implementation in a developing 

economy? 

This study has focused on two aims: first, identifying the most critical barriers to blockchain 

adoption in manufacturing SCs in a developing economy, and second, to propose an action plan 

framework for blockchain validation in a developing economy. This paper contributes to the literature 

on OSCM and MCDA by: 

(1) proposing a multiple-criteria framework for evaluating barriers to blockchain technology in the 

context of a developing economy; 

(2) Integrating neutrosophic set theory (NST) with the analytic hierarchy process (AHP) (i.e., N-

AHP) to produce a novel MCDA method for empirically identifying the importance of barriers 

to blockchain technology; 

(3) proposing an action plan framework for blockchain technology validation in a developing 

economy. 

The rest of this paper is structured as follows. Section 2 presents an overview of the relevant 

literature. The applied research methodology is presented in Section 3. Real-world applications and 

data analysis are given in Section 4. Section 5 presents the analytical results. A discussion including 

theoretical contributions, theoretical implications, practical implications, and limitations is presented in 

Section 6. Finally, Section 7 provides the conclusion. 

2. Literature review 

This section focuses on the theoretical background of information technology (IT), information systems 

(IS), and information and communications technology (ICT) in OSCM. Then, some studies on general 



5 

blockchain technology, blockchain technology in OSCM, and blockchain adoption barriers in SCs are 

reviewed. 

2.1. Theoretical background 

Rossi et al. (2019) reviewed the research on blockchain in IS. The value and benefits of IT and the use 

of IS in SCs are significant and well recognized in the literature, particularly for improving supply chain 

performance (Sharif et al., 2007). Most of the IT-based benefits in SCM arise from the merits of 

improved information systems by speeding up decision-making, raising the visibility of value chain 

enablers, efficiently meeting expectations of customers, lowering costs of processes, and improving 

managerial control (Sharif et al., 2007). Lee et al. (2011) suggested that innovative applications of IT 

will result in value generation for customers, enhanced care, service delivery efficiency, and increased 

quality of care. Bloom et al. (2014) indicated that in theory, IT is a decentralizing force, while 

communication technology is a centralizing force. ICT can offer fast, convenient, and inexpensive 

means of communication, although a gap exists in knowledge about the impact of ICT investments on 

performance in developed and developing economies. Grant and Yeo (2018) argued that some studies 

show that ICT investment would not impact performance, whereas others showed the opposite. This 

relationship becomes more interesting given the context of the study, whether for a developed or 

developing economy. In one study, the ICT effect on manufacturing efficiency was explored at the firm 

level in a developing economy (i.e., Tunisia). The results revealed the presence of positive returns to 

ICT investment (Ayed Mouelhi, 2009). 

Blockchain technology is a transformative ICT that has the potential for wide-ranging applications 

in management, governance, and policy-making (Lin et al., 2017). In a developing economy, it is critical 

to identify the barriers to blockchain adoption; an action plan framework for blockchain validation can 

assist in filling this gap, as was highlighted by Frizzo-Barker et al. (2020) in their research on blockchain 

in non-Western contexts. 
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2.2. Blockchain technology 

Blockchain technology is one of the so-called Industry 4.0 technologies among big data, additive 

manufacturing, industrial cyber-physical systems, and cloud and edge computing (Fernandez-Carames 

& Fraga-Lamas, 2019). It is an open, distributed ledger technology (DLT) that can efficiently record 

digital events such as contracts between participating agents through a nonlocalized, secure, auditable 

network with smart execution (Iansiti & Lakhani, 2017). Distributed ledgers are databases that are 

replicated on all the nodes in the system. In actuality, blockchain requires the utilization of a group of 

technologies to develop and maintain this type of database. Blockchain technology is currently 

recognized as the most developed DLT, including a comparison with the directed acyclic graph. One 

essential advantage of distributed ledgers is that the system is robust even with the failure of single 

nodes. By contrast, a centralized classical database, where only one master copy of the database exists 

at any particular time, is more prone to security risks and failure (Babich & Hilary, 2020). Centralized 

and distributed or peer-to-peer (P2P) networks are illustrated in Figure 1. The key features of 

blockchains are decentralization, resiliency, durability, transparency, immutability, authenticity, and 

speed (Asadi Bagloee et al., 2019). For a discussion on why blockchains are preferable to a centralized 

ledger, refer to Angelis and Ribeiro da Silva (2019). 

 

Figure 1. Centralized and peer-to-peer networks 

Blockchain is the primary technology underlying Bitcoin (i.e., a cryptocurrency) (Andersen & Ingram 

Bogusz, 2019; Fosso Wamba et al., 2020); however, there are prototype blockchain applications other 

than Bitcoin in the IoT, including smart contracts (De Giovanni, 2020), smart property, digital content 

distribution, Botnet, and P2P broadcast protocols (Yli-Huumo et al., 2016). Blockchain technology also 
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has the capability to alter natural resource use and recycling management (Saberi et al., 2018). Yli-

Huumo et al. (2016) conducted a review of the blockchain literature and realized that only 20% of 

studies (out of 41 selected papers) addressed blockchain applications, including smart contracts and 

licensing. Furthermore, they indicated that security and privacy issues have been a central research topic 

and that most studies have concentrated on improving the current limitations in blockchain technology. 

Fernández-Caramés and Fraga-Lamas (2019) examined the benefits and challenges of applying 

blockchains to develop Industry 4.0 and reviewed the latest blockchain-based applications. 

2.3. Blockchain technology in OSCM 

Helo and Hao (2019) indicated that sustainable SCs (Kouhizadeh et al., 2021), safety issues, IoT-based 

smart assets, and intellectual property rights are the four application areas of blockchains in SCM. 

Babich and Hilary (2020) identified and explained five key advantages of utilizing blockchain 

technologies in operations management (OM): visibility, aggregation, validation, automation, and 

resiliency. Petersen et al. (2018) asked 152 participants working in SC and logistics-related consulting 

firms or SC and logistics departments in retail or manufacturing companies about their companies’ 

point of view toward blockchain. Their results showed that among SC and logistics companies, nearly 

65% declared that they had observed blockchain development from a distance. They also asked the 

participants about potential barriers to blockchain adoption in SCs. The answers revealed that regulatory 

uncertainty was the most critical barrier, and dependence on blockchain operators was the least critical 

barrier. Table 1 presents a summarized overview of recent blockchain technology in OSCM. 
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Table 1. Recent research on blockchain technology in OSCM 
 

Reference Characteristics 

Lim et al. (2021) Reviewed the literature on blockchain technology applications in 

supply chains 

Babich and Hilary (2020) Discussed five major advantages and disadvantages of utilizing 

blockchain technology in OM 

Bai and Sarkis (2020) Proposed a group decision-making model which integrated hesitant 

fuzzy sets and regret theory to evaluate transparency and sustainability 

for blockchain technology 

Chang et al. (2020)  Provided an outline of the latest developments in blockchain 

technology in global SCM from a variety of sources 

Choi (2020) Studied financing problems within SCs for fashionable products by 

developing an analytical model for blockchain-supported and 

conventional SCs 

Choi et al. (2020) Explored product information disclosure on two blockchain-based 

rental service platforms, applying the Nash game 

Dutta et al. (2020) Reviewed blockchain literature in relation to supply chain operations 

and discussed applications, challenges, and future research directions 

Ghode et al. (2020) Prioritized challenges for adoptability of blockchain technology in 

SCs using gray relational analysis (GRA) and categorized challenges 

into four groups, i.e., organizational, technological, operational, and 

social 

Hastig and Sodhi (2020) Presented business requirements and critical success factors for better 

utilization of supply chain traceability systems 

Kayikci et al. (2020) Explored the impact of blockchain technology in food supply chains 

Lohmer et al. (2020) Studied resilience in supply chains through blockchain coordination 

Pournader et al. (2020) Conducted a systematic literature review and identified four major 

clusters in blockchain literature 

Wamba and Queiroz (2020) Proposed a three-stage model of blockchain adoption in supply chains 

Wong et al. (2020) Studied the behavioral aspect of blockchain technology adoption in 

supply chain management 

Yoon et al. (2020) Studied the impact of blockchain technology implementation on 

firms’ exporting performance  

Azzi et al. (2019)  Explored how SCs can benefit from blockchains by creating a 

transparent, reliable, and secure system 

Biswas and Gupta (2019) Investigated obstacles to blockchain technology adoption and 

implementation across the industrial and service sectors using 

DEMATEL 
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Helo and Hao (2019)  Outlined potential applications of blockchain technology in OM and 

SCM. Additionally, implemented a blockchain-based logistics 

monitoring system and tested it based on Ethereum 

Kouhizadeh et al. (2019) Conceptualized the links between blockchain technology, product 

deletion, and the circular economy 

Saberi et al. (2019) Investigated perceived motives and obstacles for the adoption of 

blockchain technology from the perspective of various companies and 

industries 

Wang et al. (2019) Utilized sensemaking theory to determine how emerging blockchain 

technology would transform SCs 

Kouhizadeh and Sarkis (2018) Reviewed the employment of blockchain technology in green SCs 

Petersen et al. (2018) Reviewed blockchain applications in the literature in terms of 

information, material, and financial flows in the SC and logistics fields 

White (2017) Conducted a structured literature review of the blockchain concept and 

identified business areas in which blockchain technology could have 

a considerable effect. Additionally, identified potential future research 

and development of blockchain technology 

Abeyratne and Monfared (2016) Reviewed some of the applications of blockchain technology and 

discussed their potential benefits in manufacturing SCs. Further 

discussed blockchain adoption challenges in future manufacturing 

systems 

 

 

2.4. Blockchain adoption barriers in SCs 

Biswas and Gupta (2019) explored the barriers to the adoption and implementation of blockchain 

technology across the industry and service sectors using the DEMATEL method. Wang et al. (2019) 

categorized the challenges to blockchain technology diffusion within SCs into three main types: (1) 

organizational and user-related; (2) technological; and (3) operational. Ozturk and Yildizbasi (2020) 

divided the barriers to the implementation of blockchain technology in SCs into four types: (1) 

technological and security; (2) financial and human resources; (3) organization and individual; and (4) 

social and environmental. Ghode et al. (2020) identified interorganizational trust, interoperability, 

relational governance, data transparency, data immutability, behavioral intention, product type, and 

social influence as the most critical challenges, and rated them in the order of importance for the 

implementation of blockchain technology in SCs. The potential barriers to blockchain adoption that 

have been identified based on the SCM literature are summarized in Table 2. 
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Table 2. Barriers to the adoption of blockchain technology in SCs 
 

Barriers References 

Access (Saberi, Kouhizadeh, Sarkis et al., 2019) 

Challenges in scalability (Biswas & Gupta, 2019)  

Collaboration, communication, and 

coordination 

(Saberi, Kouhizadeh, & Sarkis, 2019; Saberi, Kouhizadeh, 

Sarkis et al., 2019; Swan, 2015) 

Cultural differences (Saberi, Kouhizadeh, Sarkis et al., 2019)  

Customers’ awareness (Saberi, Kouhizadeh, & Sarkis, 2019; Saberi, Kouhizadeh, 

Sarkis et al., 2019)  

Ethical industry involvement (Saberi, Kouhizadeh, Sarkis et al., 2019) 

External stakeholders’ involvement (Kouhizadeh & Sarkis, 2018; Saberi, Kouhizadeh, Sarkis et al., 

2019)  

Financial constraints (Iansiti & Lakhani, 2017; Wang et al., 2019)  

Governmental policies (Saberi, Kouhizadeh, Sarkis et al., 2019; Swan, 2015)  

High sustainability costs (Biswas & Gupta, 2019; Yli-Huumo et al., 2016)  

Immaturity (Saberi, Kouhizadeh, Sarkis, et al., 2019)  

Immutability (Asadi Bagloee et al., 2019; Ghode et al., 2020) 

Implementation tools (Saberi, Kouhizadeh, Sarkis et al., 2019; Swan, 2015) 

Information disclosure policy (Choi et al., 2020; Saberi, Kouhizadeh, Sarkis et al., 2019)  

Knowledge and expertise (Helo & Hao, 2019; Saberi, Kouhizadeh, & Sarkis, 2019) 

Legal and regulatory uncertainties (Beck et al., 2018; Biswas & Gupta, 2019)  

Managerial commitment (Saberi, Kouhizadeh, Sarkis et al., 2019)  

Market competition and demand 

uncertainty 

(Saberi, Kouhizadeh, & Sarkis, 2019; Saberi, Kouhizadeh, 

Sarkis, et al., 2019)  

Negative public perception (Saberi, Kouhizadeh, Sarkis, et al., 2019)  

Organizational culture change (Saberi, Kouhizadeh, Sarkis et al., 2019; Swan, 2015)  

Organizational policies (Ghode et al., 2020; Saberi, Kouhizadeh, Sarkis et al., 2019)  

Poor economic behavior in the long 

run 

(Biswas & Gupta, 2019) 

Privacy risks (Biswas & Gupta, 2019; Swan, 2015; Wang et al., 2019)  

Rewards and encouragement (Beck et al., 2018; Saberi, Kouhizadeh, Sarkis, et al., 2019)  
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Risks of cyber-attacks (Biswas & Gupta, 2019; Ghode et al., 2020)  

Security (Biswas & Gupta, 2019; Saberi, Kouhizadeh, & Sarkis, 2019)  

Sustainable practices integration (Kouhizadeh & Sarkis, 2018; Saberi, Kouhizadeh, Sarkis et al., 

2019)  

System conversion hesitation (Saberi, Kouhizadeh, Sarkis et al., 2019) 

 

 

3. Methodology 

The steps in the research methodology and procedure for the applied method are explained below. 

3.1. Research steps 

Steps in the research methodology are illustrated in Figure 2. 

 

Figure 2. Steps in the research methodology 

The research method applied in this study is a new development of a popular MCDA method (i.e., AHP) 

in an uncertain neutrosophic decision-making environment. The proposed N-AHP approach integrates 

both NST and AHP, with the single-valued trapezoidal neutrosophic numbers (SVTNNs) utilized in the 

AHP calculations for the first time. The subtraction, division, and inverse operators of the SVTNNs are 
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also revised and adjusted to facilitate the neutrosophic rating scale in the AHP calculations (see 

Appendix A for basic definitions of the NST). In other words, the difference between the traditional 

AHP and the proposed N-AHP lies in the usage of the SVTNNs in the N-AHP instead of the crisp 

numbers used in traditional AHP. This would enhance the strength of the AHP method in capturing the 

subjective uncertainty of the involved experts (please see Section 6.1 for more on the theoretical 

contributions of the proposed N-AHP). 

3.2. The N-AHP procedure 

The proposed N-AHP method follows the steps below to analyze the identified blockchain barriers and 

provide a ranking. 

Step 1. Decomposing the problem into a hierarchy: 

To make the problem more comprehensible it is essential to establish a hierarchy representing the goal, 

criteria, and alternatives in the AHP method. In this study, the decision-making hierarchy includes one 

level of barriers. 

Step 2. Constructing a pairwise comparison matrix: 

The experts assess elements (i.e., criteria), based on the relative significance of each element 𝐶𝑖 over 𝐶𝑗 

using the Saaty importance scale (Saaty, 1980). In the questionnaire, experts chose a linguistic phrase 

representing the degree of importance of each element in comparison to others. Then, the linguistic 

phrase is replaced with its corresponding numerical value (i.e.,). 1 to 9). 

Given 𝐶1, 𝐶2, … , 𝐶𝑛, which signifies the elements, and 𝑎𝑖𝑗𝑘 , which shows a quantified evaluation of a 

pair of 𝐶𝑖  and 𝐶𝑗  elements by the 𝑘𝑡ℎ  decision maker (𝑘 = 1,2,… , 𝑝) . This leads to a pairwise 

comparison matrix, as represented in Equation (1) (Hayaty et al., 2014). 

𝐴𝑘 = [𝑎𝑖𝑗𝑘] =

[
 
 
 
 

1 𝑎12𝑘 ⋯ 𝑎1𝑛𝑘
1
𝑎12𝑘⁄ 1 … 𝑎2𝑛𝑘
⋮ ⋮ ⋱ ⋮

1
𝑎1𝑛𝑘⁄ 1

𝑎2𝑛𝑘⁄ ⋯ 1 ]
 
 
 
 

 (1) 

Step 3. Calculating the consistency ratio (CR): 
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Saaty (1980) suggested using a consistency test to assess the consistency of the evaluations. The 

cardinal and output-based consistency in pairwise comparisons can be tested by calculating a CR value, 

as shown in Equation (2), where the random index (RI) relies on the number of elements being assessed 

(𝑛), and 𝜆𝑚𝑎𝑥 is the maximum value of the eigenvector. If 𝐶𝑅 ≥ 0.1, then the expert is required to 

revise their evaluation. 

𝐶𝑅 =
(𝜆𝑚𝑎𝑥 − 𝑛)

(𝑛 − 1)
/𝑅𝐼 (2) 

 

Step 4. Replacing the linguistic information with the SVTNNs: 

The elements in the pairwise comparison matrices are replaced with the corresponding SVTNNs in 

accordance with the scale shown in Table 3 (see Definition A.7 in Appendix A to calculate the inverse 

of a SVTNN). 

 

 

 

 

 

 

 

 

 

 

Table 3. The proposed neutrosophic rating scale in N-AHP 

 

Numerical 

scale 
Verbal scale SVTNNs 

Score 

function 

𝟏

𝟗
 Extremely less important < (0.11,0.11,0.11,0.11); 1,0,0 > 0.11 
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𝟏

𝟖
 Very very strongly less important < (0.11,0.11,0.13,0.14); 1,0,0 > 0.12 

𝟏

𝟕
 Very strongly plus less important < (0.11,0.13,0.14,0.17); 1,0,0 > 0.14 

𝟏

𝟔
 Strongly plus less important < (0.13,0.14,0.17,0.2); 1,0,0 > 0.16 

𝟏

𝟓
 Strongly less important < (0.14,0.17,0.2,0.25); 1,0,0 > 0.19 

𝟏

𝟒
 Moderately plus less important < (0.17,0.20,0.25,0.33); 1,0,0 > 0.24 

𝟏

𝟑
 Moderately less important < (0.14,0.17,0.33,0.50); 1,0,0 > 0.29 

𝟏

𝟐
 Weakly less important < (0.20,0.25,0.5,1); 1,0,0 > 0.49 

𝟏 Equally important < (1,1,1,1); 0.5,0.5,0.5 > 0.5 

𝟐 Weakly more important < (1,2,4,5); 0.4,0.65,0.6 > 1.15 

𝟑 Moderately more important < (2,3,6,7); 0.3,0.75,0.7 > 1.28 

𝟒 Moderately plus more important < (3,4,5,6); 0.6,0.35,0.4 > 2.78 

𝟓 Strongly more important < (4,5,6,7); 0.8,0.15,0.2 > 4.49 

𝟔 Strongly plus more important < (5,6,7,8); 0.7,0.25,0.3 > 4.66 

𝟕 Very strongly plus more important < (6,7,8,9); 0.9,0.1,0.1 > 6.75 

𝟖 
Very very strongly more 

important 
< (7,8,9,9); 0.85,0.1,0.15 > 7.15 

𝟗 Extremely more important < (9,9,9,9); 1,0,0 > 9 

 

 

Step 5. Aggregating opinions of the experts in the SVTNNs: 

The trapezoidal neutrosophic weighted arithmetic averaging (TNWAA) operator is used to aggregate 

the opinions of the various experts to determine their weighting, as described in Definition A.8 in 

Appendix A. The weights are determined based on each expert’s knowledge and expertise in the related 

field. 

Step 6. Calculating the neutrosophic synthetic values: 

The neutrosophic synthetic value of each element, which is shown by 𝑆𝑖, is calculated using Equation 

(3). 
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𝑆𝑖 =∑𝜂𝑖𝑗

𝑛

𝑗=1

× [∑∑𝜂𝑖𝑗

𝑛

𝑗=1

𝑛

𝑖=1

]

−1

      𝑖 = 1,… , 𝑛 (3) 

Here, 𝑛  is the number of elements, and 𝜂𝑖𝑗  is the (𝑖, 𝑗) 𝑡ℎ  element of the aggregated pairwise 

comparison matrix, which is in SVTNNs. 

Step 7. Determining the final importance-weights: 

The final importance-weights are calculated with Equation (4) and are indicated by 𝑊𝑖 in SVTNNs. To 

compare the weights, they should be converted to crisp values based on the score function as defined 

in Definition A.9 in Appendix A. 

𝑊𝑖 =
𝑆𝑖

∑ 𝑆𝑖
𝑛
𝑖=1

     𝑖 = 1,… , 𝑛 (4) 

 

4. Real-world application and analysis 

Six different cases from Iranian manufacturing companies were selected for this study. Manufacturing 

accounts for most of Iran’s GDP after oil and gas (Badri Ahmadi et al., 2017). The six case companies 

were automotive, chemical, cement, tile, telecom, and electronics manufacturing firms. Experts who 

were invited to participate in this study either held upper-level management positions or were trained 

SC professionals operating under the supervision of highly qualified international consultants. They 

were knowledgeable professionals in their field with extensive work experience. We compiled a 

shortlist of experts with the most relevant knowledge regarding blockchain technology and SCs from 

different functional areas. We carried out informative discussions with several corporations and invited 

a panel of experts to participate in the study. The team members informed the experts about the research 

goals. The experts involved in this study gained knowledge and understanding of the topic and 

expressed interest in assessing blockchain technology implementation in their SCs. A description of the 

case companies and assigned managers is given in Table 4. 

 

Table 4. Experts involved in blockchain technology barrier analysis and their importance-weights 

 

Expert no. and Industry Position 
Experience     

(Years) 

Importance 

Weights 
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Expert 1 (Automotive manufacturing) Supply manager 14 0.10 

Expert 2 (Chemical manufacturing) Purchasing manager 11 0.05 

Expert 3 (Cement manufacturing) Logistics manager 25 0.30 

Expert 4 (Tile manufacturing) IT manager 18 0.20 

Expert 5 (Telecom manufacturing) Production manager 14 0.10 

Expert 6 (Electronics manufacturing) Financial manager 20 0.25 

4.1. Development of the evaluation framework 

The evaluation framework in the study was developed based on a comprehensive literature review 

where potential blockchain barriers were identified (Table 2). Subsequently, a survey was designed and 

sent to experts for their review. They were asked to vote for each barrier and determine which of the 

barriers were relevant to their SCs by indicating Yes (as accepted or approved) or No (as rejected or not 

approved). The authors agreed with the experts that those barriers that were approved by at least 5 

experts would be considered for the next round of review. In total, three rounds of reviews were 

conducted to refine the set of barriers. Experts were also asked to add any additional barriers that were 

relevant to their SC based on their knowledge and expertise. Two additional barriers, namely, 

transaction-level uncertainties and usage in the underground economy, were suggested by two of the 

experts. Eventually, five barriers were selected and included in the final list, as shown in Table 5. 

 

 

 

 

 

 

Table 5. Final list of barriers to blockchain technology 

Barriers to blockchain technology  Description 

Transaction-level uncertainties 

(B1) 

Refers to the uncertainties in blockchain application at the 

micro-level. For example, how many transactions can be 
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4.2. N-AHP application 

The N-AHP is applied to obtain the weights of the five barriers: B1 (transaction-level uncertainties), 

B2 (usage in the underground economy), B3 (challenges in scalability), B4 (privacy risks), and B5 

(managerial commitment). Thus, the decision hierarchy in this current problem is comprised of one 

level. Table 6 shows the initial pairwise comparison matrices based on the data obtained from the six 

experts using the neutrosophic rating scale (Table 3) provided (𝐴1, … , 𝐴6). 

 

 

 

 

 

 

 

 

 

Table 6. The initial pairwise comparison matrices for the six experts 

 

  B1 B2 B3 B4 B5  B1 B2 B3 B4 B5 

 B1 1 1 2 3  1/3  1 1 2 2  1/3 

recorded in a blockchain and what information can be shared 

to preserve a certain level of privacy 

Usage in the underground 

economy (B2) 

Refers to the employment of blockchain as a payment 

method in money laundering activities such as gambling, 

which are high risk, as these blockchain transactions cannot 

be controlled 

Challenges in scalability (B3) Refers to technical barriers and means that each block is not 

capable of processing millions of transactions in a real-time 

setting and the difficulty with consensus protocols 

Privacy risks (B4) Refers to privacy and security issues in blockchain networks 

and transactions 

Managerial commitment (B5) Refers to the responsibility and commitment of management 

concerning implementation and in dealing with the potential 

risks of blockchain technology 
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 B2 1 1 3 2 2  1 1 3 4 2 

𝑨𝟏 B3  1/2  1/3 1 1  1/2 𝐴2  1/2  1/3 1 1  1/2 

 B4  1/3  1/2 1 1  1/5   1/2  1/4 1 1 1 

 B5 3  1/2 2 5 1  3  1/2 2 1 1 

             

 B1 1 1 2 5 1  1 5 2 5 3 

 B2 1 1 3 2 2   1/5 1 1 2 2 

𝑨𝟑 B3  1/2  1/3 1 1  1/2 𝐴4  1/2 1 1 1 2 

 B4  1/5  1/2 1 1 1   1/5  1/2 1 1 2 

 B5 1  1/2 2 1 1   1/3  1/2  1/2  1/2 1 

             

 B1 1 1 2 1 1  1 3 2 1 2 

 B2 1 1 3 2 2   1/3 1 1 2 2 

𝑨𝟓 B3  1/2  1/3 1 1 2 𝐴6  1/2 1 1 1 3 

 B4 1  1/2 1 1 1  1  1/2 1 1 2 

 B5 1  1/2  1/2 1 1   1/2  1/2  1/3  1/2 1 

 

The CRs calculated by Equation (2) for each pairwise comparison matrix are 9.31%, 8.96%, 5.47%, 

7.66%, 5.26%, and 7.37%. The CR values are all below 10%, indicating consistent evaluations. Next, 

the values of the initial pairwise comparison matrices are replaced with the corresponding SVTNNs 

based on Table 3. The aggregation neutrosophic matrix is calculated by TNWAA as explained in 

Section 3, step 5 and Appendix A, Definition A.8. Then, the final weights and ranking are obtained by 

applying Equations (3) and (4), as shown in Table 7. 

 

Table 7. Final weights and ranking of barriers obtained from N-AHP 

Barriers to blockchain technology SVTNN weights 

Normalized 

crisp 

weights 

Ranking 

Transaction-level uncertainties (B1) <(0.06,0.14,0.75,1.78);1,0,0> 0.321 1 

Usage in the underground economy 

(B2) 

<(0.04,0.11,0.67,1.62);1,0,0> 0.287 2 

Challenges in scalability (B3) <(0.03,0.06,0.30,0.75);1,0,0> 0.134 4 

Privacy risks (B4) <(0.03,0.06,0.26,0.63);1,0,0> 0.115 5 

Managerial commitment (B5) <(0.03,0.06,0.31,0.82);1,0,0> 0.143 3 

5. Results 

Transaction-level uncertainties (B1): The first main observation from our findings is that transaction-

level uncertainties are the most critical barrier for developing blockchain technology in Iranian 
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manufacturing SCs because they have the highest weight (i.e., 0.321). Biswas and Gupta (2019) 

highlighted the importance of this barrier in blockchain deployment and noted that transaction-level 

uncertainties happen because of mistaken transactions, the possibility of the cancellation of confirmed 

transactions, or having no option but to blacklist suspicious DLT blocks. Jabbar and Dani (2020) studied 

the link between blockchain transactions and computational costs. According to Möser et al. (2013), 

users of blockchains involved in illegal activities might be blacklisted by law agencies in the future. 

Thus, transaction-level uncertainties (B1) can be a major obstacle for the successful implementation of 

blockchain, as has been confirmed in the literature (Cohen & Zohar, 2018). Transaction-level 

uncertainties highlight the fact that managers in the case companies, as well as other Iranian 

manufacturing firms, should become more aware of the significant benefits their firms can gain through 

developing appropriate strategies to effectively mitigate this barrier. 

Usage in the underground economy (B2): This barrier is second in importance, with a weight of 

0.287. Managers in the Iranian manufacturing sector need to recognize the high risk and threat of using 

blockchain networks as a payment method for underground activities, such as gambling and money 

laundering, since these activities are too complex to be monitored and controlled by authorities. 

Although blockchain is generally a secure technology, occasional security gaps can render it susceptible 

to hacking (Iansiti & Lakhani, 2017). According to Vukolić (2016), there is considerable price 

inconsistency in the blockchain market. Hastig and Sodhi (2020) identified the curbing of illegal 

practices as one of the business requirements for traceability systems in supply chains. Nefarious usage 

of bitcoin, which is associated with blockchain technology, has been highlighted as a problem in the 

literature (Wang et al., 2019). This result is supported by several studies showing that usage in the 

underground economy is a major barrier to the deployment of blockchain technology (Vukolić, 2016). 

Managerial commitment (B5): This barrier is third in the final ranking list with a weight of 0.143. 

In the international supply chain management (ISCM) context, Akkermans et al. (1999) identified a 

lack of managerial attention and prevailing dominance of functional thinking as barriers to effective 

SCM. They also discussed that functional thinking barriers are likely to be positively correlated with 

the geographical dispersion of facilities. Akkermans et al. (1999) pointed out that synchronization of 
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processes in SCs can never rely solely on technological progress. Proper organizational change 

programs are also necessary. Thus, dealing with managerial commitment in a developing economy has 

its own specifications, which are different from other managerial contexts and cultures. The 

implications of our findings might be partly related to Hofstede’s cultural dimensions. For instance, 

uncertainty avoidance is the highest of Hofstede’s cultural dimensions in Iran (Moghadam & Assar, 

2008). The dominant cultural preference is to avoid uncertainty. In other words, the culture is intolerant 

to unorthodox ideas, which might be linked to the implementation of new technologies such as 

blockchains and the uncertainties arising from their usage in the underground economy. 

Challenges in scalability (B3): This is ranked fourth (weight 0.134). Prior studies highlighted 

scalability issues of blockchain technology, such as data storage, communication malfunctions, and 

linear transaction records (Esmaeilian et al., 2020). Biswas and Gupta (2019) identified the most 

influential barriers as challenges in scalability and market-based risks. They indicated that blockchain 

networks see considerable challenges in scalability that contain slow transaction processing and block-

size limitations. Vatankhah Barenji et al. (2020) indicated the issue of scalability problems in small and 

medium manufacturing enterprises (SMEs). 

Privacy risks (B4): This risk is ranked last with a weight of 0.115 based on the final results. One 

common blockchain myth is that it is a 100% secure technology. In reality, blockchain’s security 

depends on the breaching of adjacent applications (Carson et al., 2018). The potential security and 

privacy risks of blockchain technology have been discussed in the literature (Zhang et al., 2019). 

6. Discussion 

6.1. Theoretical contributions 

Decision support tools such as MCDA are invaluable business analytics methods helping organizations 

make decisions in complex operating environments. Among the MCDA methods, AHP is one of the 

most commonly practiced, mainly because of its ease of application and flexibility for integration with 

various other methods. The inclusion of subjective factors has been considered one of the AHP’s 

advantages over other MCDA methods (Emrouznejad & Marra, 2017). Many studies have focused on 
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the fuzzy set-based extension of the AHP, namely, fuzzy AHP (F-AHP), to capture uncertainty (Ecer, 

2020; Sitorus et al., 2019). However, few articles have investigated the extension of the AHP to other 

uncertainty theories, such as NST, which can enhance its capability for formulating a better decision-

making process under uncertainty. There have been few recent developments and applications of AHP 

and NST that benefit from their own specific characteristics (Abdel-Basset et al., 2018; Bolturk & 

Kahraman, 2018). 

This paper contributes to the MCDA literature in several aspects. Here, we explain the strengths of 

the proposed method in comparison to other similar extensions of AHP. First, an extension of the AHP 

method in the uncertain environment of NST (i.e., N-AHP) is proposed in this study, which utilizes 

SVTNNs for the first time, necessitating the introduction of mathematical subtraction, division, and 

inverse SVTNN operators (see Appendix A). In previous studies, triangular neutrosophic numbers 

(TNNs) were integrated with the AHP, which is different from SVTNNs (Abdel-Basset et al., 2018). 

Bolturk and Kahraman (2018) proposed a novel interval-valued neutrosophic AHP (IVN-AHP) based 

on cosine similarity measures. Abdel-Basset et al. (2018) combined AHP and the Delphi method in a 

neutrosophic environment to check consistency and compute the degree of consensus among experts. 

We found no study dealing with the integration of SVTNNs and AHP in the literature, which makes the 

proposed method a unique approach in a group decision-making context. Second, the NST can 

independently quantify the indeterminacy membership and, unlike fuzzy set theory, can present 

information about rejection (Vafadarnikjoo et al., 2020). The NST has improved the intuitionistic fuzzy 

set (IFS), which was initially proposed by Atanassov (1986). Smarandache (2005) thoroughly 

elaborated on the distinctions between NST and IFS and emphasized advantages such as the ability to 

quantify the indeterminacy membership function, independent of membership and nonmembership 

functions. This advantage, along with the ability to express the information about rejection that was not 

possible with integration with fuzzy set theory, would allow analysts to capture uncertainty in the 

subjective judgments of experts more accurately in an NST decision-making environment. 
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6.2. Theoretical implications 

The proposed N-AHP method is a unique and reliable methodology that can be used to capture experts’ 

subjective uncertainty in relation to the analysis of blockchain adoption barriers in manufacturing 

supply chain settings in the context of a developing economy. As expert knowledge is based on 

subjective judgments, especially in a novel field such as blockchain technology, the application of the 

hybrid N-AHP method can bring significant benefits in terms of theoretical implications (please see 

contributions of the proposed N-AHP in Section 6.1.). 

Apart from the methodological advantages of the 2-step approach for the analysis of blockchain 

success proposed by the Boston consulting group (BCG) (Bender et al., 2019), we believe our findings 

show the benefits of using the blockchain validation step to help companies in the manufacturing SC 

successfully implement blockchain technology. In other words, companies can assess and implement 

the appropriate blockchain technology for their businesses more efficiently by evaluating the most 

critical implementation barriers. The theoretical implications of our work (analyzing blockchain 

barriers) contribute to both blockchain technological and commercial validation, as shown in Figure 3. 

The similarity between Figure 3 and the model in Bender et al. (2019) is that both are comprised of the 

two steps of blockchain ideation and blockchain validation. The difference is that in Figure 3 we have 

shown which step of the model the blockchain adoption barrier analysis can contribute to. We believe 

that blockchain adoption barrier analysis and the results of our study can be useful in the blockchain 

validation step within the two-step approach to successful blockchain implementation, as suggested and 

discussed by Bender et al. (2019). Based on this theoretical model and the obtained findings, a proposed 

action plan framework for blockchain validation was developed and is explained in the practical 

implications section (Section 6.3.). 
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Figure 3. Two-step approach to successful blockchain implementation [Adapted from BCG in Bender 

et al. (2019)] 

In step 1, companies are required to seek out current existing pain points within their supply chains. 

To obtain the greatest payback from blockchain, companies should target the most critical pain points. 

Then, they should develop ideas through which blockchain capabilities could generate meaningful value 

before defining a set of blockchain use cases. After obtaining a set of possible use cases, companies 

need to evaluate whether blockchain is the best choice for attaining their organizational objectives, 

whether there might be another better alternative solution, and whether proceeding with that technology 

would be commercially interesting. As part of the validation step, companies can refer to our findings 

to understand what major barriers they might encounter during blockchain implementation. Finally, 

after the completion of these two steps, the validated blockchain use cases are ready for incubation 

(Bender et al., 2019). 
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6.3. Practical implications 

As discussed in the results section, transaction-level uncertainties, usage in the underground economy, 

managerial commitment, challenges in scalability, and privacy risks are identified as the main barriers 

within our study. The findings are consistent with the scant literature on blockchain barriers in a 

developing economy. Based on the theoretical implications and using the two-step approach (Figure 3), 

our findings contribute to the validation of the successful implementation of blockchains in a 

developing economy. To provide action plans based on the identified barriers, we need to focus first on 

the chosen growth model in businesses and then on each of the prioritized barriers and provide strategies 

to pave the way toward blockchain validation success (Figure 4). Prior research has warned against the 

inappropriate and unnecessary use of blockchain technology, which might cause serious internal and 

external disruptions in addition to incurring considerable costs (Angelis & Ribeiro da Silva, 2019). It is 

suggested that firms in developing economies follow the two-step approach (Figure 3) to confirm how 

and why blockchain is a suitable solution for their organization, as shown in the ideation step. Thus, 

our findings can help them overcome potential barriers. 
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Figure 4. Action plan framework for blockchain validation in a developing economy 

Select the proper value creation growth model: Chong et al. (2019) discussed five business 

models to capture the value of blockchain. Bender et al. (2019) discussed two primary growth models 

for value creation by implementing blockchain solutions: (1) linear (incremental win) and (2) network 

effects (true disruptor). In the linear growth model, the absolute value is limited to a company’s 

production or sales capacities, and users derive value instantly after using the product (such as pens for 

writing). On the other hand, with network effects, growth is unbundled from production and sales. A 

good example of this is the telephone, where the overall value for the first users (of the telephone) is 

limited because people can only call other telephone owners (Bender et al., 2019). Companies applying 

blockchain application cases that deliver network effects have the potential to be true disruptors (Bender 

et al., 2019). These true-disruptor application cases require significant financial and technical resources, 

the ability to deal with risks, and the ability to convince others to join the platform. This model requires 

participants to accept new standards that usually require managerial involvement in supply chains and 

a strong regulatory push, which all require serious effort in a developing economy like Iran’s. However, 

pursuing incremental-win application cases based on a linear model, where each incremental participant 

or transaction linearly adds value, can be a suitable alternative in developing economies in the short-

term. The reason is that incremental wins concentrate on a linear growth model that is easier to manage, 

especially considering that one of the critical identified barriers in our study was managerial 

commitment. Second, incremental wins carry lower financial risk and can offer a faster way to grow. 

Third, incremental wins can provide proof of concept to attract the attention of partners and validate 

their participation in a blockchain-enabled solution (Bender et al., 2019). 

Select the proper type of blockchain: Ganeriwalla et al. (2018) pointed out that blockchain 

technology can be categorized as public, public-permissioned, or private. Bitcoin is an example of a 

public blockchain that is open, and anyone with computing capacity can contribute to the network, keep 

the ledger, and weigh in on consensus issues. Conversely, private and public-permissioned types of 

blockchain platforms are controlled by a handful of businesses with the ultimate say in all aspects of 

the platform. Although the majority of industries are headed towards private and public-permissioned 



26 

implementation, this trend has garnered some criticism, and companies in developing economies should 

take all the pros and cons into consideration (Esmaeilian et al., 2020). 

Using the proper strategies to overcome the five critical barriers: (1) Transaction uncertainty: 

SmartLog is a recent proof of concept platform for blockchain applications in logistics and supply 

chains that enables various partners within the industry to obtain access to real-time logistics 

information (Esmaeilian et al., 2020). The implementation of similar open-source industry-wide 

platforms would reduce transaction-level uncertainties in logistics, particularly in developing 

economies where a lack of visibility in logistics and supply chain operations is the norm. Kane (2017) 

argued that although blockchain is an emerging technology, it has many of the key features of a general-

purpose technology (GPT), including the capability for further improvement, a pervasiveness in various 

sectors of the economy, and the ability to facilitate the creation of new innovations. However, logistics 

operators in practice, particularly those in small and medium enterprises (SMEs), have limited 

knowledge of blockchains (Petersen et al., 2018). This was also noted in our study. The reason for this 

lack of familiarity by SMEs might be due to the speed of blockchain adoption. Blockchain is a 

foundational technology that has been adopted gradually over a period of time; it may require years to 

change the SC landscape (Iansiti & Lakhani, 2017). (2) Underground economy: Luthra et al. (2020) 

noted that government encouragement policies, collaboration, and transparency among SC actors are 

extremely important enablers of Industry 4.0 from an emerging economy perspective. (3) Managerial 

commitment: As discussed in the results section, soliciting the total support of management is 

imperative for blockchain implementation. This can be achieved by training and proper organizational 

change programs, global and interorganizational cooperation, government incentives, and 

external/social awareness. (4) Scalability challenges: as the number of users and the size of blockchain 

platforms grow, the need to deal with scalability issues becomes more apparent (Esmaeilian et al., 

2020). Various scaling approaches have been developed in computer science to overcome scalability 

issues. Scalable networks have the capability to transfer information between intermediaries with no 

need to record all transactions on the blockchain (Xie et al., 2019). Thus, more R&D investment in 

advancing scaling approaches can help in crossing this barrier. Moreover, Carson et al. (2018) pointed 
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out that private and permissioned blockchains have the capability to optimize network openness and 

scalability. (5) Privacy risks: Zhang et al. (2019) recommended that more secure consensus algorithms 

be required to improve the security and privacy of blockchain systems. 

Companies and investors are dealing with the issue of how blockchain can be molded to create 

value. Bender et al. (2019) looked “at the example of the internet” and compared it to blockchain 

technology. They found that just as it took a while for organizations to realize how to turn the power of 

the internet into growth and value, the same is happening for blockchain technology. Iansiti and Lakhani 

(2017) pointed out that blockchain technology is decades from reaching its full potential. This issue of 

development can be much more troublesome in developing economies, triggering lower managerial 

commitment because managers are often too focused on profitability and might take a conservative 

view toward new technologies such as blockchain. 

Managers need to ensure meaningful returns from their investments. Carson et al. (2018) analyzed 

and quantified monetary impact in more than 90 use cases (14 industries) in terms of four value indices: 

cost reduction, revenue generation, capital relief, and social value. They found that nearly 70% of the 

value at stake in the short run across industries, including manufacturing, is primarily in cost reduction. 

This point can be particularly important to take into consideration for companies in manufacturing SCs; 

however, more investigation is needed to fully confirm that the same trend exists in the context of 

developing economies. 

6.4. Limitations 

This research suffers from some limitations. First, this study employed N-AHP, which required 

recruiting experts for primary data collection from case companies, which might hinder the 

generalizability of the results. However, the impact of this limitation can be minimized with additional 

studies or by extending the number of experts or case companies to provide confirmation or rebuttal of 

the findings in the future. The number of experts involved in the current study and the determination of 

the experts’ importance-weights can be defined and justified more systematically by introducing an 

expert selection model. The second limitation is related to the fact that blockchain technology is in its 

infancy, both in terms of research and practice. Exploring blockchain applicability in a developing 
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economy is even more difficult because few organizations are willing to spend time and money on this 

disruptive technology. This made it difficult to find experts who could properly evaluate the barriers. 

The third limitation is related to the practical applications of the findings. Specifically, there must be a 

substantial shift in the entrenched mindsets and practices of managers and policymakers from classical 

information management systems in traditional manufacturing SCs to the integration of blockchain 

technology, which necessitates organizational change programs. Blockchain technology takes more 

time for adoption and requires considerable perseverance and exertion. 

7. Conclusions 

This study has advanced knowledge about barriers to blockchain technology implementation in the SC 

literature in an emerging economy context (i.e., Iran). An action plan framework for blockchain 

validation in a developing economy was also proposed to provide practical insights. Initially, several 

potential barriers to blockchain technology were identified based on the literature and were subjected 

to review by industrial experts, with the target of constructing a decision framework. A sample of six 

Iranian manufacturing experts was employed in the assessment and decision-making process. The 

framework included five barriers: transaction-level uncertainties (B1), usage in the underground 

economy (B2), challenges in scalability (B3), privacy risks (B4), and managerial commitment (B5). 

This work proposed and applied a method, namely, N-AHP, to assess and rank the most relevant barriers 

to blockchain technology according to their importance-weight in the context of Iran’s six 

manufacturing industries (i.e., automotive, chemical, cement, tile, telecom, and electronics 

manufacturing). The findings revealed that transaction-level uncertainties (B1), usage in the 

underground economy (B2), managerial commitment (B5), challenges in scalability (B3), and privacy 

risks (B4) are the most critical barriers, in order of importance. Managers and policymakers in the 

examined case companies can make significant practical contributions to manufacturing SCs for 

blockchain technology implementation by considering the proposed action plan framework. From a 

practical perspective, our study enables scholars and practitioners to further their understanding of the 

most critical barriers they will face when attempting to implement blockchain technology in a 

developing economy. 
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Given the merits of blockchain technology, businesses should be aware of the fact that first, there 

will be a dramatic change in how businesses will function in the next few decades, and sooner or later, 

developing economies should also follow this trend. Second, similar to prior technological shifts, early 

movers will reap the greatest benefits from it by expanding partnerships, setting standards, and 

advancing technology adoption. However, Jeffers (2010) argued that merely owning a rare and valuable 

IT resource that competitors cannot easily replicate does not necessarily guarantee a competitive 

advantage. He indicated that the wider concerns of the environmental and social aspects of sustainability 

must also be embraced in the strategy paradigm. This opens up a new future research avenue where 

sustainability concerns are taken into consideration for blockchain technology implementation. Future 

works can also investigate the interrelationships between identified barriers to understand which 

barriers act as causes and which barriers are affected by other factors by applying methods such as 

DEMATEL. In future studies, triangulation by applying similar methods to the AHP, such as the best-

worst method (BWM), can increase the validity of the findings. In addition, empirical studies are 

necessary to confirm the suggested practical strategies in our proposed action plan framework to 

effectively deal with the identified barriers within the context of a developing economy. Replicating the 

research in other geographical regions can contribute to international comparisons, as many barriers to 

effective ISCM are deeply embedded in the organizational structures and cultures of firms, and no 

process synchronization is possible across SCs by merely relying on technological advancements. More 

studies on organizational practices around the adoption of blockchain technology are needed, as this 

area of research is in its early phases, particularly in emerging economies. 
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Appendix A: Neutrosophic set theory (NST) 

Some basic definitions of NST are provided in this section to aid in understanding the implementation 

of N-AHP. 

Definition A.1: Neutrosophic set (NS) (Vafadarnikjoo, 2020). Let 𝑈 be a finite set of objects, and let 

𝑥 signify a generic element in 𝑈. The NS 𝐴 in 𝑈 is characterized by a truth-membership function 𝑇𝐴(𝑥), 

an indeterminacy-membership function 𝐼𝐴(𝑥), and a falsity-membership function 𝐹𝐴(𝑥). 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 

and 𝐹𝐴(𝑥) are the elements of ]0−, 1+[. It can be shown as Equation (A.1): 

𝐴 = {< 𝑥, (𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)) >: 𝑥 ∈ 𝑈, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) ∈ ]0
−, 1+[ } (A.1) 

Note that 0− ≤ 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) ≤ 3
+. 

Definition A.2: Single-valued neutrosophic set (SVNS) (Vafadarnikjoo, 2020). Let 𝑈 be a finite set 

of elements, and let 𝑥  signify a generic element in 𝑈 . An SVNS 𝐴  in 𝑈  is defined by a truth-

membership function 𝑇𝐴(𝑥), an indeterminacy-membership function 𝐼𝐴(𝑥), and a falsity-membership 

function 𝐹𝐴(𝑥). 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), and 𝐹𝐴(𝑥) are the elements of [0,1]. It can be shown as Equation (A.2): 

𝐴 = {< 𝑥, (𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)) >: 𝑥 ∈ 𝑈, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) ∈  [0,1] } (A.2) 

Note that 0 ≤ 𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥) ≤ 3. 

For convenience, an SVNS 𝐴 = {< 𝑥, (𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)) >: 𝑥 ∈ 𝑈} is sometimes shown as a 𝐴 =

{< 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) >: 𝑥 ∈ 𝑈} in simplified form. 

Definition A.3: Single-valued trapezoidal neutrosophic number (SVTNN) (Deli & Subas, 2014). 

An SVTNN �̃� =< (𝑎1, 𝑏1, 𝑐1, 𝑑1);𝑤�̃� , 𝑢�̃� , 𝑦�̃� > , 𝑎1, 𝑏1, 𝑐1, 𝑑1 ∈ 𝑅 , 𝑎1 ≤ 𝑏1 ≤ 𝑐1 ≤ 𝑑1 , and 

𝑤�̃� , 𝑢�̃�, 𝑦�̃� ∈ [0,1] is a particular single-valued neutrosophic number (SVNN) whose 𝑇�̃�(𝑥), 𝐼�̃�(𝑥), and 

𝐹�̃�(𝑥) are presented as Equations (A.3) to (A.5), respectively. 

𝑇�̃�(𝑥) =

{
 

 
(𝑥 − 𝑎1)𝑤�̃� (𝑏1 − 𝑎1)⁄ 𝑎1 ≤ 𝑥 < 𝑏1
𝑤�̃�                                     𝑏1 ≤ 𝑥 ≤ 𝑐1

(𝑑1 − 𝑥)𝑤�̃� (𝑑1 − 𝑐1)⁄          𝑐1 < 𝑥 ≤ 𝑑1

0                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 
(A.3) 
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𝐼�̃�(𝑥) =

{
 
 

 
 (𝑏1 − 𝑥 + 𝑢�̃�(𝑥 − 𝑎1)) (𝑏1 − 𝑎1)⁄ 𝑎1 ≤ 𝑥 < 𝑏1

𝑢�̃�                                    𝑏1 ≤ 𝑥 ≤ 𝑐1
(𝑥 − 𝑐1 + 𝑢�̃�(𝑑1 − 𝑥)) (𝑑1 − 𝑐1)⁄          𝑐1 < 𝑥 ≤ 𝑑1

1                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 
(A.4) 

𝐹�̃�(𝑥) =

{
 
 

 
 (𝑏1 − 𝑥 + 𝑦�̃�(𝑥 − 𝑎1)) (𝑏1 − 𝑎1)⁄ 𝑎1 ≤ 𝑥 < 𝑏1

𝑦�̃�                                     𝑏1 ≤ 𝑥 ≤ 𝑐1
(𝑥 − 𝑐1 + 𝑦�̃�(𝑑1 − 𝑥)) (𝑑1 − 𝑐1)⁄          𝑐1 < 𝑥 ≤ 𝑑1

1                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 
(A.5) 

Definition A.4: Addition of two SVTNNs (Vafadarnikjoo, 2020). Given �̃� =<

(𝑎1, 𝑏1, 𝑐1, 𝑑1);𝑤�̃� , 𝑢�̃� , 𝑦�̃� >  and �̃� =< (𝑎2, 𝑏2, 𝑐2, 𝑑2);𝑤�̃� , 𝑢�̃� , 𝑦�̃� > , 𝑤�̃�, 𝑢�̃� , 𝑦�̃� , 𝑤�̃� , 𝑢�̃� , 𝑦�̃�  ∈ [0,1] ,, 

𝑎1, 𝑏1, 𝑐1, 𝑑1, 𝑎2, 𝑏2, 𝑐2, 𝑑2 ∈ ℝ, 𝑎1 ≤ 𝑏1 ≤ 𝑐1 ≤ 𝑑1, and 𝑎2 ≤ 𝑏2 ≤ 𝑐2 ≤ 𝑑2, Equation (A.6) is true. 

�̃� + �̃� =< (𝑎1 + 𝑎2, 𝑏1 + 𝑏2, 𝑐1 + 𝑐2, 𝑑1 + 𝑑2);𝑤�̃� +𝑤�̃� −𝑤�̃�𝑤�̃� , 𝑢�̃�𝑢�̃�, 𝑦�̃�𝑦�̃� > (A.6) 

Definition A.5: Subtraction of two SVTNNs (Smarandache, 2016). Let �̃� =<

(𝑎1, 𝑏1, 𝑐1, 𝑑1);𝑤�̃� , 𝑢�̃� , 𝑦�̃� >  and �̃� =< (𝑎2, 𝑏2, 𝑐2, 𝑑2);𝑤�̃� , 𝑢�̃� , 𝑦�̃� >  be two SVTNNs and 

𝑤�̃� , 𝑢�̃�, 𝑦�̃� , 𝑤�̃� , 𝑢�̃� , 𝑦�̃�  ∈ [0,1]  with the restrictions that 𝑤�̃� ≠ 1 , 𝑢�̃� ≠ 0 , 𝑦�̃� ≠ 0 , and 

𝑎1, 𝑏1, 𝑐1, 𝑑1, 𝑎2, 𝑏2, 𝑐2, 𝑑2 ∈ ℝ, 𝑎1 ≤ 𝑏1 ≤ 𝑐1 ≤ 𝑑1, and 𝑎2 ≤ 𝑏2 ≤ 𝑐2 ≤ 𝑑2; then, the subtraction of 

the two SVTNNs is shown in Equation (A.7): 

�̃� − �̃� =< (𝑎1 − 𝑑2, 𝑏1 − 𝑐2, 𝑐1 − 𝑏2, 𝑑1 − 𝑎2);
𝑤�̃� −𝑤�̃�
1 − 𝑤�̃�

,
𝑢�̃�
𝑢�̃�
,
𝑦�̃�
𝑦�̃�
> (A.7) 

Remark: If a component result is less than zero, it is replaced with zero; if a component result is greater 

than one, it is replaced with one. 

Definition A.6: Division of two SVTNNs (Smarandache, 2016). Let �̃� =<

(𝑎1, 𝑏1, 𝑐1, 𝑑1);𝑤�̃� , 𝑢�̃� , 𝑦�̃� > , and �̃� =< (𝑎2, 𝑏2, 𝑐2, 𝑑2);𝑤�̃� , 𝑢�̃� , 𝑦�̃� >  be two SVTNNs, where 

𝑎1, 𝑏1, 𝑐1, 𝑑1, 𝑎2, 𝑏2, 𝑐2, 𝑑2 > 0, 𝑎1 ≤ 𝑏1 ≤ 𝑐1 ≤ 𝑑1, 𝑎2 ≤ 𝑏2 ≤ 𝑐2 ≤ 𝑑2, and 𝑤�̃� , 𝑢�̃�, 𝑦�̃� , 𝑤�̃� , 𝑢�̃� , 𝑦�̃�  ∈

[0,1] with the restrictions that 𝑤�̃� ≠ 1, 𝑢�̃� ≠ 0, 𝑦�̃� ≠ 0; then, the division of the two SVTNNs is shown 

in Equation (A.8): 

�̃� ÷ �̃� =< (
𝑎1
𝑑2
,
𝑏1
𝑐2
,
𝑐1
𝑏2
,
𝑑1
𝑎2
) ;
𝑤�̃�
𝑤�̃�

,
𝑢�̃�−𝑢�̃�
1 − 𝑢�̃�

,
𝑦�̃� − 𝑦�̃�
1 − 𝑦�̃�

> 
(A.8) 

Remark: If a component result is less than zero, it is replaced with zero; if a component result is greater 

than one, it is replaced with one. 
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Definition A.7: Inverse of an SVTNN Let �̃� =< (𝑎1, 𝑏1, 𝑐1, 𝑑1);𝑤�̃� , 𝑢�̃� , 𝑦�̃� > be an SVTNN where 

𝑎1, 𝑏1, 𝑐1, 𝑑1 > 0, 𝑎1 ≤ 𝑏1 ≤ 𝑐1 ≤ 𝑑1, and 𝑤�̃�, 𝑢�̃� , 𝑦�̃� , ∈ [0,1] then the inverse of �̃� is represented in 

Equation (A.9): 

�̃�−1 =
1

 �̃�
=< (

1

𝑑1
,
1

𝑐1
,
1

𝑏1
,
1

𝑎1
) ;

1

𝑤�̃�
,
𝑢�̃�

𝑢�̃� − 1
,
𝑦�̃�

𝑦�̃� − 1
> 

(A.9) 

Remark: If a component result is less than zero, it is replaced with zero; if a component result is greater 

than one, it is replaced with one. 

Definition A.8: The TNWAA operator. Let �̃�𝑗 =< (𝑎𝑗, 𝑏𝑗, 𝑐𝑗, 𝑑𝑗);𝑤�̃�𝑗 , 𝑢�̃�𝑗 , 𝑦�̃�𝑗 > (𝑗 = 1,2,… , 𝑛) be 

a set of SVTNNs; then, a TNWAA operator is computed based on Equation (A.10): 

𝑇𝑁𝑊𝐴𝐴(�̃�1, �̃�2, … , �̃�𝑛) = 

=∑𝑝𝑗�̃�𝑗

𝑛

𝑗=1

=< (∑𝑝𝑗𝑎𝑗

𝑛

𝑗=1

,∑𝑝𝑗𝑏𝑗

𝑛

𝑗=1

,∑𝑝𝑗𝑐𝑗

𝑛

𝑗=1

,∑𝑝𝑗𝑑𝑗

𝑛

𝑗=1

) ; 1

−∏(1 − 𝑤�̃�𝑗)
𝑝𝑗

𝑛

𝑗=1

,∏𝑢
�̃�𝑗

𝑝𝑗

𝑛

𝑗=1

,∏𝑦
�̃�𝑗

𝑝𝑗

𝑛

𝑗=1

> 

(A.10) 

Here, 𝑝𝑗 is the weight of �̃�𝑗 (𝑗 = 1,2,… , 𝑛) while 𝑝𝑗 > 0, and ∑ 𝑝𝑗
𝑛
𝑗=1 = 1. 

 

Definition A.9: Score function of a SVTNN. Given �̃� =< (𝑎, 𝑏, 𝑐, 𝑑); 𝑤�̃�, 𝑢�̃� , 𝑦�̃� > and 𝑎, 𝑏, 𝑐, 𝑑 > 0. 

Then, the score function of �̃� can be calculated in accordance with Equation (A.11): 

𝑆(�̃�) =
1

12
(𝑎 + 𝑏 + 𝑐 + 𝑑)(2 + 𝑤�̃� − 𝑢�̃� − 𝑦�̃�)        𝑆(�̃�) ∈ [0,1]                                    (A.11) 
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