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Abstract 

As an emerging technology, blockchain has recently gained attention in both aca‑
demic and economic fields, but its adoption is not yet widespread in the banking 
sector in Taiwan. As academics have paid scant attention to this topic, this study 
determines the critical factors affecting blockchain adoption from the organizational 
perspective in the banking industry. We propose hybrid methods to fill the gap in the 
literature. First, we apply the technology-organization-environment framework as the 
basis and combine relevant factors as a framework to identify the relevant evaluation 
factors. Second, we propose a hybrid method that integrates the decision-making 
trial and evaluation laboratory (DEMATEL) with the evaluation based on distance from 
average solution (EDAS) approach and employs DEMATEL to measure the importance 
of the factors and alternatives to blockchain as ranked by the EDAS method. According 
to the ranking results, we identify the best preference among alternatives to block‑
chain. The results suggest that organizational and technological aspects are the main 
considerations to enhance and promote the effectiveness of blockchain adoption. This 
study suggests valuable strategies for stimulating blockchain adoption in the banking 
sector in Taiwan.
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Introduction
Blockchain is emerging as a technological revolution that will impact the way the finan-
cial industry executes its operations in the future (Zheng et al. 2018; Ali et al. 2020). It 
offers significant potential for providing innovative technologies to the banking indus-
try that can massively impact the banking industry and also society (Chang et al. 2020). 
Indeed, blockchain in the banking domain has been implemented as an open distributed 
ledger that records the transactions between two parties (Zhang et al. 2020). It consists 
of the chain of data blocks in which each has a set of transactions related to the others 
(Chen and Bellavitis 2020). Moreover, blockchain can provide quicker payments, lower 
costs for banks, increase the number of financial transactions with added security, and 
increase performance.
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Despite the benefits of blockchain, there are some difficulties and obstacles regard-
ing its adoption for the banking sector (Xu et al. 2019; Chang et al. 2020; Mishra and 
Kaushik 2021). Moreover, the adoption of blockchain in organizations is still in its 
infancy and studies in this area are limited (AlShamsi et al. 2022). First, most prior stud-
ies focused on technological factors affecting blockchain adoption. Second, the majority 
of the existing literature on the adoption of blockchain focuses on supply chains and 
ignores business adoption of blockchain, especially in the banking sector. Moreover, 
most previous studies on organizational decisions on blockchain adoption have con-
centrated on structural equation modeling (SEM) to examine the relationships among 
adoption factors.

Apart from the above-mentioned literature, depending on the type of blockchain, it can 
often not be verified and validated automatically but requires human thinking and collab-
oration (Coita et al. 2019; Mohammad and Islam 2022). The most appropriate personnel 
change their operational style to fit the scenario (Spence 2018). This human factor influ-
ences the method of applying blockchain technologies for such content that cannot easily 
be classified as wrong or right (Yi et al. 2020). However, in all these studies, there is no spe-
cific human factor that is considered for the adoption of blockchain. Therefore, identifying 
the key factors affecting the blockchain adoption is a multifaceted problem.

The multiple-criteria decision-making (MCDM) technique could be a convenient 
way to identify the critical factors affecting an organization’s adoption of blockchain 
(Xiao et  al. 2023). The decision-making trial and evaluation laboratory (DEMATEL) 
method solves various types of MCDM problems (Hu et  al. 2021; Meng et  al. 2021; 
Si et al. 2018). This approach recognizes the complex relationships among factors and 
measures their importance (Hsu and Yeh 2017, 2018). To the best of our knowledge, 
no previous studies have examined blockchain adoption using DEMATEL. Moreover, 
evaluation based on the distance from the average solution (EDAS) is a new MCDM 
method (Keshavarz Ghorabaee et  al. 2015). With the benefit of simplicity and faster 
computation, previous studies have utilized the EDAS method (Dhanalakshmi et  al. 
2020; Mishra et al. 2020).

This study seeks to fill the gap in the literature by identifying the critical factors affect-
ing adoption of blockchain in the banking sector in Taiwan. First, it reviews the litera-
ture related to blockchain to uncover the relevant evaluation factors. Second, it proposes 
a hybrid method connecting the DEMATEL and EDAS approaches. Hence, DEMATEL 
is used to measure the importance of the factors. It then ranks and determines the best 
alternative obtained by the EDAS. Finally, to validate the effectiveness of the proposed 
approach, comparative experiments are conducted for the banking sector in Taiwan. The 
findings provide valuable information for the banking sector to expand adoption of block-
chain in Taiwan.

The remainder of this paper is organized as follows. “Literature review” section reviews 
the literature on blockchain. “Method” section describes the proposed approach. “Con-
clusions” section reports the empirical results and discusses the managerial implications. 
Finally, conclusions and future directions are presented.
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Literature review
Blockchain

A blockchain is a digital, decentralized (distributed) ledger, cryptographic security pro-
tocol, and consensus mechanism (Niranjanamurthy et al. 2019; Antal et al. 2021). The 
distributed ledger ensures that the entry of new data creates a block that is not stored in 
a single location but is continually copied and distributed to different nodes across the 
network, making it accessible and traceable by participants in the network (Yoo 2017; 
Lewis et al. 2017; Mori 2016).

Blockchain introduces a decentralized ledger and stores the complete transaction his-
tory in a bank across dozens of controlled-access computers, which replicates the bread-
crumb trail of banking activities (Butt et al. 2019; Uddin et al. 2021; Bellucci et al. 2022). 
It is not possible to delete or change the activity history. Blockchain performs many of 
the core workflows in finance and banking from records keeping and cybersecurity to 
currencies, debts, and equity management (Bellucci et al. 2022).

This technology is obviously a powerful decentralized technology that is revolution-
izing the banking sector (Liu et al. 2021; Zheng et al. 2018; Zhang et al. 2020). Since its 
data cannot be tampered with, blockchain ensures immutability and security and can 
change the way banks build their banking infrastructure (Zheng et al. 2018; Chang et al 
2020). This technology also has the potential to change the financial sector in the long 
term as numerous business models could emerge, while many others would become 
superfluous (Sun et al. 2016). Therefore, the financial industry is the sector that will ben-
efit the most from blockchain.

Previous studies on blockchain revolve primarily around Bitcoin and cryptocurren-
cies (Guo and Liang 2016; Nerurkar et al. 2021; Zheng and Lu 2021; Xu et al. 2022). In 
addition, they focus on technical aspects. For example, technical issues related to scal-
ability (Khan et al. 2021), security, and privacy (Mohanta et al. 2019; Butt et al. 2019; 
Taylor et  al. 2020) have been examined. Other studies focus on the impact of block-
chain in the banking industry. Topics include the penetration of Bitcoin in the context 
of retail banking and new technology-enabled central banks (Dashkevich et al. 2020). 
Moreover, Ahluwalia et al. (2020) propose a framework for how banks can start-up and 
accelerate blockchain innovations from the perspective of transaction cost economics. 
However, these studies do not consider banks’ adoption of blockchain; most research 
is experimental in nature and empirical data about the potentials does not exist as the 
aforementioned research primarily concentrates on concepts and frameworks.

Related literature on the factors influencing blockchain adoption

With blockchain as an emerging technology, studies on its adoption in banking remain 
fairly small. For example, Kawasmi et  al. (2020) investigate blockchain adoption in the 
global banking industry via a literature review and identify three categories of adoption fac-
tors: supporting, hindering, and circumstantial. Saheb and Mamaghani (2021) qualitatively 
confirm that technological, organizational, and environmental factors have more signifi-
cant impacts on adopting blockchain for the banking sector. Ozturan et al. (2019) assess the 
level of technology readiness of the banking industry. Kulkarni and Patil (2020) apply the 
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technology-organization-environment (TOE) framework and partial least squares (PLS)-
SEM to examine the drivers and hurdles of blockchain adoption in banking services. In 
summary, despite the attention blockchain has received, there remains a lack of consensus 
on decisions related to its adoption and evaluation in the banking sector.

AlShamsi et  al. (2022) conducted a comprehensive literature review on the organiza-
tional adoption of blockchain. Their results confirmed that TOE is widely used as a frame-
work used for theoretical perspective on blockchain adoption. Their results also revealed 
that supply chain management is the main domain in which blockchain applications were 
adopted. Furthermore, existing studies have examined the adoption of blockchain technol-
ogies through the lens of the organizational level.

Furthermore, during the last three years, initial research that quantitatively and qualita-
tively explores blockchain adoption has evolved and derived first results on the distinct cri-
teria affecting intra-firm adoption. The majority of qualitative studies employed explorative 
approaches to generate knowledge on this new field of research; recent work applied quan-
titative methods based on large empiric samples. These empirical studies either applied 
firm-centered adoption models such as Tornatzky and Fleischer’s (1990) TOE framework 
(e.g., Clohessy and Acton 2019), the diffusion of innovation (DOI) theory (e.g., Ullah et al. 
2020) or user-centered decision frameworks, such as the unified theory of acceptance and 
usage of technology (UTAUT) (e.g., Wamba and Queiroz 2019) or the technology accept-
ance model (TAM) (e.g., Pantouw and Aruan 2019) to examine organizational decision-
making. These models contrast not only in terms of the dependent and independent 
variables but also in the underlying units of analysis. While some constructs examine the 
action of adoption (Orji et al. 2020), others merely investigate the intention to adopt block-
chain technology (Yadav et al. 2020). In addition, the dimensions affecting adoption deci-
sions differ significantly. Research employing user-centered models emphasizes the impact 
of individual decision-maker characteristics on the adoption decision (Saurabh and Dey 
2021). Relevant studies based on the key theories, their components, and studies investigat-
ing blockchain adoption are presented in Table 1.

1.	 Based on the aforementioned studies, we draw the following conclusions: despite the 
diverse factors affecting blockchain adoption among the findings of previous studies, 
the results confirmed that the TOE was the most common model for studying block-
chain adoption on the organizational level.

2.	 Most previous studies demonstrate the importance of technological factors affecting 
blockchain adoption. However, no specific human factors are considered in terms of 
the adoption of blockchain.

3.	 The relevant studies on blockchain focus on the supply chains and ignore the busi-
ness adoption of blockchain, especially in the banking sector.

4.	 Most previous studies organizational adoption decisions on blockchain concentrate 
on the TOE and applied SEM to examine the relationships among the adoption fac-
tors.
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Factors for evaluating blockchain adoption

Previous studies on blockchain adoption have focused on the TOE framework, which 
offers a valuable analytical basis for assessing the acceptance of different types of IT 
innovation in organizations (Arpaci et al. 2012). This model is specifically found to be 
useful at the organizational level of information technology (IT) adoption. Overall, 
based on numerous studies on the adoption of information systems (IS), the TOE model 
has been successfully applied in various contexts. Other studies have criticized the fact 
that the major constructs and variables in the TOE framework are not concise and differ 
from context to context (Wang et al. 2010; Yeh and Chen 2018). Moreover, the flexibility 
of the model allows for the incorporation of other theories or variables (Lian et al. 2014).

Table 1  Previous studies on blockchain adoption

References Method Country/region Contexts Framework

Clohessy and Acton 
(2019)

Multiple-case study Ireland N/A TOE

Lee et al. (2019) Regression analysis USA Academia UTAUT​

Queiroz and Wamba 
(2019)

PLS-SEM USA and India Logistics and supply 
chain management

TAM and UTAUT​

Singh et al. (2019) Not specified Not specified Finance TAM

Yang (2019) Survey and inter‑
views

Taiwan Maritime shipping TAM

Wamba and Queiroz 
(2019)

PLS-SEM Brazil Supply chain man‑
agement

UTAUT​

Albayati et al. (2020) Path analysis Not specified Finance TAM

Karamchandani et al. 
(2020)

SEM India Supply chain man‑
agement

TAM and DOI

Muhamad et al. 
(2020)

SEM Malaysia Intelligence com‑
munity

TAM and TRI

Nuryyev et al. (2020) SEM Taiwan Tourism and hospi‑
tality

TAM

Orji et al. (2020) Analytic network 
process (ANP)

Nigeria Logistics TOE

Rijanto (2020) Case study Indonesia Agriculture TOE

Ullah et al. (2020) PLS-SEM Developed countries Energy TAM and DOI

Wahab et al. (2020) Not specified Malaysia Warehouse industry UTAUT​

Yadav et al. (2020) DEMATEL India Agriculture supply 
chain

Aketch et al. (2021) SEM Kenya Finance TAM and IDT

Alazab et al. (2021) SEM Australia Supply chain man‑
agement

UTAUT, TTF, and ISS

Ajwani-Ramchandani 
et al. (2021)

In-depth longitudinal 
case study

Malaysia Supply chain man‑
agement

TOE

Fernando et al. (2021) SEM Malaysia Manufacturing TOE

Kamble et al. (2021) SEM- Bayesian 
network

India Supply chain man‑
agement

TAM and TOE

Kouhizadeh et al. 
(2021)

DEMATEL Not specified Supply chain man‑
agement

TOE

Queiroz et al. (2021) PLS-SEM Brazil Supply chain man‑
agement

UTAUT​

Toufaily et al. (2021) Semi-structured 
interviews

Middle East and 
North Africa

N/A DOI and TOE

Saurabh and Dey 
(2021)

Conjoint analysis India Agri-food supply 
chain

Ullah et al. (2021) PLS-SEM Malaysia Education TAM and DOI
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Human factors are also critical in the adoption of any new IT innovation. These fac-
tors should be considered carefully when making the decision on adopting new IT/IS 
(Tekic and Koroteev 2019). Staff who have sufficient innovation knowledge or technol-
ogy capability can help organizations to successfully adopt an innovative technology. 
The sufficient technical expertise available in such organizations will have more propen-
sity to adopt IS if they possess staff with more knowledge of ISs (Yi et al. 2020). Moreo-
ver, the human, organization and technology-fit (HOT-fit) framework (Yusof et al. 2008) 
overlaps with the TOE by considering the organizational and technological dimensions 
during a firm’s decision to implement new innovations and also uniquely considers the 
human dimension (Schiavone et al. 2021; Xu and Lu 2022; Ahmetoglu et al. 2022).

In addition, information security awareness and compliance have far-reaching impacts 
on the long-term success of technological innovations (Schneider, et  al. 2020). Given 
the security features of blockchain, the adoption of the technology can be regarded 
as a behavior of protecting oneself from the consequences and security issues in digi-
tal transactions (Shi et  al. 2020; Feng et  al. 2019). Given the lack of understanding of 
the organizational perception of blockchain benefits and limited research on its adop-
tion (Chod et al. 2020; Adel and Younis 2021; Garg et al. 2021), this study also explores 
whether banking organizations are willing to use blockchain from security issues.

Moreover, standards uncertainty negatively influences blockchain adoption (Lu 2019; 
Uddin et  al. 2021). Finally, few studies have reported that governments have not laid 
down specific regulations on blockchain for the banking industry (Zheng and Lu 2021; 
Nelaturu et al. 2022). Therefore, the importance of environmental factors and the gov-
ernment’s role is not conducive to the focus of this study, that is, the banking industry.

Thus, we adopt the technological and organizational factors of the TOE framework 
with human and security factors as the four dimensions of our research framework. The 
factors for evaluating the blockchain adoption process are described below.

Technology dimension (T) Technological factors covers features of the technology itself 
that influences the adoption of blockchain (Lu et  al. 2013; Guo and Liang 2016). The 
technology component consists of relative advantage, compatibility, complexity and sys-
tem integration (Lu et  al. 2013; Xu et  al. 2019; Hanna et  al. 2020; Hsu and Yeh 2017; 
Aboelmaged 2014).

Organization dimension (O) Organizational factors include the firms’ characteristics 
and resources available that affect the adoption of blockchain (Lu et al. 2013; Guo and 
Liang 2016). Several studies support this finding with respect to blockchain adoption 
with factors such as adequate resources, firm size, and top management support con-
sidered potential influences (Rawash 2021; Lian et al. 2014; Lu et al. 2013; Hanna et al. 
2020; Xu et al. 2019).

Human components (H) Human factors refer to staff who have sufficient innovation 
knowledge or technological capabilities when adopting and implementing blockchain 
(Adel and Younis 2021; Mohammad Saif and Islam 2022). These include system users, 
IT personnel, system consultants, and project leaders (Mohammad et al. 2022; Xu and 
Lu 2022; Nong and Ha 2021; Spence 2018; Adel and Younis 2021; Schneider et al. 2020).

Security dimension (S) Security refers to the level of procedures in place to protect 
information and a system from unauthorized access or any other security events (Sar-
faraz et  al. 2021; Shi et  al. 2020; Sebastião and Godinho 2021; Fang et  al. 2022). We 
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investigate the related security of blockchain, such as client information, internal infor-
mation, system protection, and backup mechanism (Sarfaraz et al. 2021; Shi et al. 2020; 
Benatia et al. 2016; Taylor et al. 2020; Liu and Ye 2010; Lu 2021; Liu et al. 2010; Feng 
et al. 2019).

This study proposes using technological and organizational factors in the TOE frame-
work with human and security factors as the framework for influencing blockchain 

Table 2  Exploring the critical factors affecting the adoption of blockchain in the banking industry

Dimension/criteria Descriptions References

Technology (T)

Relative advantage (T1) It is the degree to which using the block‑
chain is perceived to make one better off 
than otherwise

Lu et al. (2013); Xu et al. (2019)

Compatibility (T2) The degree to which the blockchain is 
perceived to be consistent with internal 
organizational and information systems 
environment

Lu et al. (2013); Xu et al. (2019); Hanna 
et al. (2020)

Complexity (T3) The degree to which using the blockchain 
is perceived to be a difficult task

Lu et al. (2013); Hsu and Yeh (2017)

System integration (T4) The blockchain reduces incompatibility 
between legacy systems and enhances 
the responsiveness of information systems

Xu et al. (2019); Aboelmaged (2014)

Organization (O)

Adequate resources (O1) The capabilities that an organization 
possesses for future needs or dynamic 
changes

Rawash (2021); Lian et al. (2014)

Firm size (O2) Large firms typically have the resources 
necessary to experiment, pilot, and decide 
what blockchain they require

Lu et al. (2013); Hanna et al. (2020)

Top management support (O3) Top management can provide vision, 
support, and a commitment to create a 
positive effect on the blockchain adoption 
process

 Xu et al. (2019)

Human (H)

System user (H3) The system user has sufficient knowledge 
and the adequate skills to adopt block‑
chain technology

Mohammad et al. (2022)

IT personnel (H1) The IT personnel are able to execute 
their tasks well and demonstrate a sound 
understanding of the organizations’ needs

Xu and Lu (2022); Nong and Ha (2021)

System consult (H3) The system consult has the ability to be 
good consultants and provide world-class 
support

Spence (2018); Nong and Ha (2021)

Project leader (H4) The project leader has to be good leader 
and an undertaking to keep up to date 
with new techniques and technology

Adel and Younis (2021); Schneider et al. 
(2022)

Security (S)

Client information (S1) The degree that Blockchain deals with 
integrity and confidentiality of the client 
information

 Shi et al. (2020)

Internal information (S2) The degree to which the blockchain is 
deemed secure for exchanging data and 
conducting online transactions

Benatia et al. (2016); Taylor et al. (2020)

System protection (S3) The degree available in blockchain that 
helps protect the system and personal files

Liu and Ye (2021); Lu (2021)

Backup mechanism (S4) The degree of creating a copy of the data 
and recovery in case original data is lost or 
corrupted

Liu et al. (2021); Feng et al. (2019)
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adoption in the banking industry. Consequently, we present four factors in terms of 
technology, organization, human, and security, including the four dimensions and 15 
criteria presented in Table 2.

Research gap

The key factors affecting the blockchain adoption is a multifaceted problem. However, 
previous studies focus on technical aspects. Others focus on the impact of blockchain 
in the banking industry. Topics include the penetration of Bitcoin in the context of retail 
banking. Moreover, these studies do not examine banks’ blockchain adoption and most 
research primarily concentrates on concepts and frameworks. Finally, no specific human 
factor is considered in the adoption of blockchain. Thus, to the best of our knowledge, 
our focus on blockchain adoption determinants is one of the few attempts to factor in 
the application of TOE theory.

Moreover, this study aims to fill the gap in the literature by identifying the critical fac-
tors affecting blockchain adoption in the banking sector. We propose a hybrid evalu-
ation model for blockchain adoption using the hybrid of the DEMATEL and EDAS 
approaches. First, the former is used to measure the importance of the factors. It then 
ranks and determines the best alternative obtained by the latter. Finally, to validate the 
effectiveness of the proposed approach, Technique for Order of Preference by Similarity 
to Ideal Solution (TOPSIS) is used as the benchmark.

Method
The main contribution of this study is the identification of the critical factors affecting 
the banking sector’s blockchain adoption. We therefore propose the hybrid DEMATEL 
and EDAS methods. First, we use DEMATEL to measure the importance of the factors. 
Second, we incorporate these weights into the EDAS method to rank and determine the 
best alternative presented to the decision maker. The details of the proposed approach 
are delineated as follows.

Proposed approach

Previous studies have underlined the lack of applications that integrate the DEMATEL 
and EDAS methods that influence blockchain adoption. The procedures of this hybrid 
MCDM model are illustrated in Fig. 1. In the first stage, we employ the TOE framework 
as the basis for model development and combine it with other relevant factors affecting 
blockchain adoption. Ultimately, the evaluation factors are derived from the following 
four aspects: technology, organization, human, and security. The second stage deter-
mines the relative weights of dimension and criteria via the DEMATEL method and 
then prioritizes the blockchain alternatives using the EDAS technique. Finally, to verify 
the feasibility of the proposed approach, we include four alternatives to blockchain for 
Taiwan’s banking sector.

In the DEMATEL method, we use a numerical scale between 1 and 5, which assigns 
weights for evaluation factors. The overall priority weights of dimensions and criteria 
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are then calculated. Lastly, the respondents are asked to provide a set of values from 
1 to 5 to rate each alternative with respect to each criterion. Each alternative is com-
pared with the criteria, and the alternatives are then ranked as determined by the 
EDAS method. To demonstrate the proposed approach, we conduct comparative 
experiments. Specifically, the TOPSIS technique was employed as the benchmark. 
An empirical case study helps identify the key factors affecting blockchain adoption. 
These methods are delineated in each of the following sub-sections.

DEMATEL method

The DEMATEL method is based on graph theory (i.e., digraph) which enables anal-
ysis and solution of problems via the visualization method. These graphs are more 
helpful than undirected graphs because they can reveal the directed relationships of 
sub-systems (Gabus and Fontela 1972; Vafadarnikjoo et al. 2022; Alzahrani et al. 2022; 
Wu et  al. 2022). DEMATEL is a useful approach for analyzing the interdependent 
relationships among related variables in cause-and-effect groups. It reveals the degree 
of interaction between variables to determine the weights of individual factors in the 

Establishing the average matrix

DEMATEL   Calculation the total relation matrix

Obtaining the weight of evaluation factors

Computation of AV, PDA and NDA

EDAS                Obtaining the normalized weighted  

sum of PDA and NDA 

Calculation of AS and Ranking 

TOPSIS Comparative analysis

The best solution 

Fig. 1  Framework for the proposed approach
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related structural model. The method has been applied to identify the critical factors 
(Hu et al. 2021; Kou et al. 2021; Hsu and Yeh 2017, 2018; Si et al. 2018).

Blockchain adoption is a complex problem involving several causal relationships 
among factors. Therefore, we employ DEMATEL to identify the key factors that affect 
blockchain adoption. The processes of the DEMATEL method are discussed as follows 
(Hsu and Yeh 2017, 2018; Si et al. 2018; Zhang and Su 2019; Gayathri et al. 2021).

Step 1: establishing the average matrix.
This method evaluates the following direct-influence matrix A. This is performed by 

experts who provide the degree to which factor i affects factor j, denoted as xkij . Hence, 
X1, X2,.., Xh are the matrices of H experts. Moreover, the element of Xk is an integer 
based on the scale range. The diagonal elements of each matrix Xk are zero. The pro-
vided scores generate an n × n non-negative average matrix A, where:

The matrix A = [aij]n×n with 1 ≤ k ≤ H is also referred to as the initial direct-relation 
matrix.

Step 2: normalizing the direct-influence matrix.
The normalized direct-relation matrix S can be obtained using Eqs. (2) and (3):

Step 3: calculating the total direct-influence matrix.

The total direct-influence matrix T can be obtained from Equation (4):

Step 4: obtaining the sum of rows and columns.
Equations (5) and (6) are used to calculate the sums of rows and columns in matrix T, 

respectively.

(1)Aij =
1

h

h
∑

k=1

Xij

(2)
S = m · A

(3)m = min











1

max
i

n
�

j=1

|aij|

,
1

max
j

n
�

i=1

|aij|











(4)T = S(I − S)−1

(5)R = [Ri]n×1 =





n
�

j=1

tij





n×1

(6)D =
[

Dj

]

1×n
=

[

n
∑

i=1

tij

]

1×n
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here, R denotes both direct and indirect effects of factor i on the other factors. Simi-
larly,Dj indicates both direct and indirect effects that factor j has received from others.

Step 5: identifying the cause-and-effect groups.
(Di − Ri ) depicts the net influence level of a factor. Generally, when it is positive, then 

factor i belongs to the cause group. Conversely, if it is negative, then factor i belongs to the 
effect group. Similarly, ( Di + Ri ) is a measurable index of the influences by and on other 
factors and reveals the importance of factors.

Step 6: calculating the importance of the factors.
The weighted normalized value ( Di + Ri ) is calculated as follows:

where i, j = 1, 2,…, n.

EDAS method

Keshavarz Ghorabaee et al. (2015) propose EDAS for the classification of inventory. Com-
pared with the TOPSIS method, the merit of the EDAS method is that a unique optimal 
solution does not exist for the decision maker. The method is only based on the distance 
from the average solution (AV), which is a much easier task. Previous studies compare this 
with other methods such as TOPSIS (Hwang and Yoon 1981) and Vise Kriterijumska Opti-
mizacija I Kompromisno Resenje (VIKOR) (Opricovic 1998), indicating the validity of the 
EDAS method. To select the most appropriate alternative, we use the EDAS method. The 
processes of the method can be summarized as follows (Keshavarz Ghorabaee et al. 2015; 
Dhanalakshmi et al. 2020; Mishra et al. 2020; Wei et al. 2021; Biswas and Pamucar 2023).

Step 1: the criteria and alternatives are available for the decision problem.
Step 2: generating the decision matrix X.
This method evaluates decision matrix X, which refers to n alternatives and m criteria, 

presented by Eq. (8):

here, Xij is the preference for the ith alternative with respect to the jth criterion.
Step 3: obtaining the average solution to all criteria.

Step 4: calculating the positive distance from average (PDA) and the negative distance 
from average (NDA).

(7)Wi =
Di + Ri

∑n
i=1

∑n
j=1 (Di + Ri)

,

(8)X =
�

Xij

�

n × m =















x11 x11 · · · x1m
x21 x22 · · · x2m
. . . .

. . . .

. . . .

xn1 xn2 . . . xnm















(9)AVj =

∑n
i=1 xij

n

(10)PDAj =
max

(

0,
(

xij − AVj

))

AVj
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Step 5: obtaining the weighted summation of PDA and NDA.

Step 6: calculating the Normalization for SPi and SNi.

Step 7: summing the appraisal score (AS).

here, 0 ≤ ASi ≤ 1.
Step 8: ranking the alternatives.
The alternatives are ranked in descending order of appraisal score (ASi) calculated 

using Eq. (16).

Results and discussion
Demographics profile of respondents

To achieve our research goal, data were collected through an online survey conducted 
from January to February 2020. All participants have good knowledge of the topic of 
blockchain technologies in banking. Of the initial 60 questionnaires, 56 usable responses 
were obtained, a response rate of 93.3%. In addition, we excluded data with obviously 
unreasonable results, such as repeated selection of the same response option for all 
items, as well as data with large missing values. The majority of the respondents were 
male (54%) (female = 46%). The largest age group was between 41 and 50 years (36%), 
followed by 31 and 40  years (29%), while 18% were aged over 51. The majority (93%) 
of the respondents had a bachelor’s degree. Blockchain adoption is a complicated pro-
cess; the respondents include the departments of management, operations, and IT/IS in 
banking. The detailed demographic information is presented in Table 3.

Determining weights of criteria based on DEMATEL

The following section presents an empirical study using the DEMATEL method to cal-
culate the relative importance of the evaluation factors that affect blockchain adoption 
of the banking sector. Referring to the factors affecting blockchain adoption from the 

(11)NDAj =
max

(

0,
(

AVj − xij
))

AVj

(12)SPi =

m
∑

j=1

wjPDAij

(13)SNi =

m
∑

j=1

wjNDAij

(14)NSPi =
SPi

Maxi(SNi)

(15)NSNi = 1 −
SNi

Maxi(SNi)

(16)ASi =
1

2
(NSPi + NSNi)
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relevant literature, four dimensions are identified for further evaluation. The total-influ-
ence matrix for the dimensions by DEMATEL, obtained based on the survey results of 
the aforementioned respondents, is presented in Table 4.

The values of (R + C) and (R − C) of the dimension level are calculated from the total-
influence matrix; the results are reported in Table 5. The normalized values of (D + R) 
can explain the importance of the selected criteria using Eq. (7).

This procedure is similarly applied to the criteria level. From Table 6, we see the local 
and global weights of the factors affecting blockchain adoption.

Regarding different dimensions, the highest weight is Security (S) (0.2550), followed 
by Technology (T) (0.2533), Human (H) (0.2482), and Organization (O) (0.2434). Simi-
lar results were obtained for the global priority of various evaluation criteria. Adequate 

Table 3  Demographic characteristic of respondents (sample N = 56)

Variable Classification Frequency Percentage 
(%)

Gender Male 30 54

Female 26 46

Age Below 30 10 18

31–40 16 29

41–50 20 36

51–60 10 18

Education level Junior college 4 7

Bachelor degree 29 52

Above Master 23 41

Department Management 7 13

Operations 29 52

IT/IS 20 36

Experience (years) Below 5 8 14

5–10 19 34

11–15 7 13

16–20 10 18

21–25 5 9

Above 25 7 13

Table 4  The total-influence matrix for the dimensions

T O H S

T 7.4511 7.4792 7.5578 8.0332

O 7.3002 6.8799 7.1932 7.6040

H 7.5237 7.3307 7.1536 7.8276

S 7.5115 7.2822 7.3539 7.5476

Table 5  Degree of total influence for the dimensions

Row sum (D) Column sum (R) D + R D − R Weight

T 30.5213 29.7864 60.3077 0.7348 0.2533

O 28.9772 28.9720 57.9492 0.0052 0.2434

H 29.8355 29.2584 59.0940 0.5771 0.2482

S 29.6951 31.0123 60.7074 − 1.3171 0.2550
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resources (O1) has the highest weight (0.0833), followed by Top management support 
(O3) (0.0806), Firm size (O2) (0.0795), and System integration (T4) (0.0658). Therefore, 
more attention should be paid to these four criteria for blockchain adoption.

Among these four evaluation criteria, the first-, second-, and third- highest evaluation 
criteria are in Organization (O), whereas the fourth evaluation criterion is in Technology 
(T). The results suggest that organizational and technological aspects are the main con-
siderations for enhancing and promoting the effectiveness of blockchain adoption.

Ranking of alternatives based on EDAS

After measuring the weights of the criteria, the next step is to rank the four alternatives 
(“bank confirmation (A),” “settlement of insurance claim (B),” “trade finance (C),” and 
“mobile wallets (D)”) to blockchain using the EDAS method. The results of the average 
solutions of the alternatives for the selected criteria are listedselected criteria appear in 
Table 7.

The next step involves determining the positive distance from the average (PDA) and 
negative distance from the average (NDA) for each alternative using Eqs. (10) and (11), 
respectively. The results are presented in Tables 8 and 9, respectively. In particular, PDA 
and NDA are determined as follows:

Using Eqs. (12) and (13), we obtain the weighted sum of PDA and NDA, as reported in 
Tables 10 and 11, respectively. Here, SPA and SNA are determined as follows:

PDAT1 =
MAX(0, (3.8 − 3.805)

3.805
=

0

3.805
= 0

NDAT1 =
MAX(0, (3.805 − 3.8)

3.805
=

0.005

3.805
= 0.001

Table 6  The overall weights of adoption factors

Dimension Weight Rank Criteria Local weight Rank Global weight Rank

Technology (T) 0.2533 2 Relative advantage (T1) 0.2462 3 0.0624 10

Compatibility (T2) 0.2479 2 0.0628 9

Complexity (T3) 0.2461 4 0.0623 11

System integration (T4) 0.2598 1 0.0658 4

Organization (O) 0.2434 4 Adequate resources (O1) 0.3423 1 0.0833 1

Firm size (O2) 0.3267 3 0.0795 3

Top management support 
(O3)

0.3310 2 0.0806 2

Human (H) 0.2482 3 System user (H1) 0.2455 4 0.0609 15

IT personnel (H2) 0.2582 1 0.0641 8

System consult (H3) 0.2471 3 0.0613 14

Project leader (H4) 0.2492 2 0.0619 13

Security (S) 0.2550 1 Client information (S1) 0.2523 1 0.0643 5

Internal Information (S2) 0.2520 3 0.0643 7

System protection (S3) 0.2522 2 0.0643 6

Backup mechanism (S4) 0.2435 4 0.0621 12
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The normalized weighted sums of PDA and NDA obtained using Eqs. (14) and (15) 
are presented in Tables 10 and 11, respectively. Equation (16) is used to calculate the 
appraisal score ASi of the selected alternative, as presented in Table 12.

An example is presented as follows:

SPA = 0 + 0.003 + 0.002 + 0.003 + 0 + 0.001 + 0.001 + 0.001

+ 0.002 + 0.004 + 0.003 + 0.002 + 0.002 + 0.001 + 0.001 = 0.025

SNA = 0 + 0 + 0 + 0 + 0.001 + 0 + 0 + 0 + 0 + 0 + 0 + 0 + 0 + 0 + 0 = 0.001

Table 7  Results of the evaluation of the alternatives based on selected criteria

Criteria Alternative AV

A B B D

Relative advantage (T1) 3.800 3.700 3.770 3.950 3.805

Compatibility (T2) 3.750 3.390 3.460 3.820 3.605

Complexity (T3) 3.460 3.210 3.210 3.610 3.373

System integration (T4) 3.730 3.460 3.460 3.630 3.570

Adequate resources (O1) 3.550 3.460 3.480 3.800 3.573

Firm size (O2) 3.630 3.570 3.520 3.700 3.605

Top management support (O3) 3.790 3.630 3.630 3.910 3.740

System user (H1) 3.710 3.590 3.500 3.820 3.655

IT personnel (H2) 3.790 3.520 3.550 3.880 3.685

System consult (H3) 3.700 3.390 3.380 3.500 3.493

Project leader (H4) 3.910 3.660 3.520 3.820 3.728

Client information (S1) 4.180 3.820 3.930 4.270 4.050

Internal information (S2) 4.130 3.790 3.930 4.160 4.003

System protection (S3) 4.020 3.770 3.820 4.130 3.935

Backup mechanism (S4) 3.710 3.540 3.550 3.820 3.655

Table 8  The positive distance from the average (PDA)

Criteria A B B D

Relative advantage (T1) 0 0 0 0.038

Compatibility (T2) 0.040 0 0 0.060

Complexity (T3) 0.026 0 0 0.070

System integration (T4) 0.045 0 0 0.017

Adequate resources (O1) 0 0 0 0.064

Firm size (O2) 0.007 0 0 0.026

Top management support (O3) 0.013 0 0 0.045

System user (H1) 0.015 0 0 0.045

IT personnel (H2) 0.028 0 0 0.053

System consult (H3) 0.059 0 0 0.002

Project leader (H4) 0.049 0 0 0.025

Client information (S1) 0.032 0 0 0.054

Internal information (S2) 0.032 0 0 0.039

System protection (S3) 0.022 0 0 0.050

Backup mechanism (S4) 0.015 0 0 0.045
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The preference order of the four alternatives to blockchain D > A > B > C. Thus, the 
best-ranked alternative is D.

NSPA =
0.025

MAX(0.025, 0, 0, 0.043)
=

0.025

0.043
= 0.581

NSNA = 1 −
0.001

MAX(0.001, 0.035, 0.032, 0)
= 1 −

0.001

0.035
= 0.971

ASA =
0.581 + 0.971

2
= 0.776

Table 9  The negative distance from average (NDA)

Criteria A B B D

Relative advantage (T1) 0.001 0.028 0.009 0

Compatibility (T2) 0 0.060 0.040 0

Complexity (T3) 0 0.048 0.048 0

System integration (T4) 0 0.031 0.031 0

Adequate resources (O1) 0.006 0.031 0.026 0

Firm size (O2) 0 0.010 0.024 0

Top management support (O3) 0 0.029 0.029 0

System user (H1) 0 0.018 0.042 0

IT personnel (H2) 0 0.045 0.037 0

System consult (H3) 0 0.029 0.032 0

Project leader (H4) 0 0.018 0.056 0

Client information (S1) 0 0.057 0.030 0

Internal information (S2) 0 0.053 0.018 0

System protection (S3) 0 0.042 0.029 0

Backup mechanism (S4) 0 0.031 0.029 0

Table 10  The weight sums of PDA

Criteria A B B D

Relative advantage (T1) 0 0 0 0.002

Compatibility (T2) 0.003 0 0 0.004

Complexity (T3) 0.002 0 0 0.004

System integration (T4) 0.003 0 0 0.001

Adequate resources (O1) 0 0 0 0.005

Firm size (O2) 0.001 0 0 0.002

Top management support (O3) 0.001 0 0 0.004

System user (H1) 0.001 0 0 0.003

IT personnel (H2) 0.002 0 0 0.003

System consult (H3) 0.004 0 0 0.000

Project leader (H4) 0.003 0 0 0.002

Client information (S1) 0.002 0 0 0.003

Internal information (S2) 0.002 0 0 0.003

System protection (S3) 0.001 0 0 0.003

Backup mechanism (S4) 0.001 0 0 0.003

SP 0.025 0 0 0.043
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TOPSIS method results

For the validity of ranking results, comparative experiments are conducted using the 
TOPSIS method. The distance to the positive ideal solution ( S+

i  ), the distance to the 
negative ideal solution ( S−

i  ) and the relative proximity of each alternative to the ideal 
solution ( C∗

i  ) were calculated. The results are presented in Table 13.
The results reveal that D has the highest C∗

i  value, indicating that it is the best 
alternative. Moreover, the ordering results of the TOPSIS method are consistent 
with those of the proposed methods.

Results and findings

Blockchain is an innovative technology used in the financial sector. This study seeks 
to enrich the current understanding of blockchain adoption for the banking industry 
from the organizational perspective. The proposed framework can be used by banks 
for a more effective adoption of alternatives to blockchain. Considering that block-
chain adoption is an MCDM problem, we therefore propose the hybrid DEMATEL 
and EDAS methods. Additionally, the TOE framework is modified to include two 
additional factors that hinder the adoption of blockchain. Therefore, the proposed 
model considers technology, organization, human, and security factors.

Table 11  The weighted sums of NDA

Criteria A B B D

Relative advantage (T1) 0 0.002 0.001 0

Compatibility (T2) 0 0.004 0.003 0

Complexity (T3) 0 0.003 0.003 0

System integration (T4) 0 0.002 0.002 0

Adequate resources (O1) 0.001 0.003 0.002 0

Firm size (O2) 0 0.001 0.002 0

Top management support (O3) 0 0.002 0.002 0

System user (H1) 0 0.001 0.003 0

IT personnel (H2) 0 0.003 0.002 0

System consult (H3) 0 0.002 0.002 0

Project leader (H4) 0 0.001 0.003 0

Client information (S1) 0 0.004 0.002 0

Internal information (S2) 0 0.003 0.001 0

System protection (S3) 0 0.003 0.002 0

Backup mechanism (S4) 0 0.002 0.002 0

SN 0.001 0.035 0.032 0

Table 12  Normalized weighted sums, appraisal scores, and ranking of alternatives

Alternative SPi SNi NSPi NSNi ASi Ranking

A 0.025 0.001 0.581 0.971 0.776 2

B 0 0.035 0 0 0 4

C 0 0.032 0 0.085 0.042 3

D 0.043 0 1.000 1.000 1.000 1
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The influential weights of the dimensions based on DEMATEL are displayed in 
Table 6. It reveals that “Security” is the most important factor, with an overall weight-
ing of 25.50%, followed by “Technology,” with a weighting of 25.33%. The least impor-
tant factor is “Organization,” with a weighting of 24.34%. This indicates that the 
banking sector gives priority to “Security” when considering blockchain adoption, 
meaning blockchain is a security issue rather than an organizational one. The rank-
ing results for the alternatives considered by the EDAS are listed in Table 12. Finally, 
the effectiveness of our proposed approach was validated and verified by experiments 
with the TOPSIS method. According to Table  13, the EDAS approach is consistent 
with the TOPSIS method in terms of ranking. Based on the above analysis, the best-
ranked alternative is denoted as D.

Discussion

This study takes an important step toward filling the gap in the literature by identify-
ing the most important factors influencing blockchain adoption in the banking sec-
tor in Taiwan. The results of this quantitative study offer several interesting insights 
into banking professionals’ perceptions. First, according to our DEMATEL results, 
“Security” is the most important dimension for evaluating blockchain adoption with 
an influence weight of 0.2550. It is notable that “Security” is the most important issue 
in the context of a distributed environment (Antal et  al. 2021; Taylor et  al. 2020; 
Mohanta et  al. 2019), and the blockchain technology within the banking environ-
ment is certainly no exception. This is particularly true for the banking sector because 
banking data require a more secure environment for storage and retrieval. Therefore, 
Taiwan’s banking sector must ensure an adequate level of security. This is because 
implementation of blockchain is heavily reliant on the support of internet and other 
communication technologies; guaranteeing the security of information flows is an 
important concern in adoption decisions.

Second, “Technology” is the second most important factor, with an influence weight 
of 0.2533. This finding echoes the results obtained in previous studies, where technol-
ogy is demonstrated to be a key factor in overcoming resistance to changes caused by 
new technology adoption and diffusion. Similar to the findings in studies of new tech-
nology adoption in other industries (Chang et al. 2020; Dicuonzo et al. 2021), we find 
that a firm’s ability to convert new technology into core capabilities is essential and 
that technology integration is the most significant factor when evaluating blockchain 
adoption in the banking industry.

Table 13  Ranking of the alternatives according to the TOPSIS method

Alternatives S
+

i
S

−

i
C

∗

i
Ranking

A 0.0864 0.1506 0.6354 2

B 0.2003 0.0287 0.1251 4

C 0.1963 0.0290 0.1289 3

D 0.0428 0.1982 0.8224 1
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Third, we find that the human dimension reflects the importance of IS human 
resources and staffs’ IS knowledge in developing blockchain in the banking sector. 
This study revealed a need to provide training to the system user, IT personnel, sys-
tem consultant, and project leader with respect to the average perceived technical 
competence of IS staff banking. In this regard, as with different categories of person-
nel, levels, and different scope of blockchain in banking, each has supervisory func-
tions and responsibilities. (Mohammad et al. 2022; Xu and Lu 2022). This assists in 
adopting blockchain that would fulfill banking practitioners’ needs and work pro-
cesses by providing sufficient knowledge to both IS and the banking field. Therefore, 
the human factor should be carefully assessed before a decision to adopt blockchain 
is made.

Finally, the EDAS method in Table  11 reveals the results and final ranking of alter-
natives. According to the results, the ranking of alternatives is in relation to declining 
values; therefore, alternative D (mobile wallets) represents the best solution, while other 
alternatives occupy positions as they are listed in the model. It is important to empha-
size that alternative C (trade finance) has a value close to zero and is a bad solution. As 
a result, alternatives D, A, and B are the top three alternatives, and C (trade finance) is 
the worst. Moreover, the TOPSIS method confirmed that the proposed method is an 
effective and efficient decision-making tool for selecting appropriate alternatives. In the 
banking setting, using blockchain will make mobile wallets even more secure by pro-
viding features such as “multi-signature” to verify a purchase. This technology can also 
improve the speed, usage, and reduce fees for worldwide payments. Thus, managers in 
the banking sector should promote mobile wallets with blockchain as the first alterna-
tive. Moreover, while the goal is to achieve complete digitalization, achieving this target 
is likely to take some time, assuming it can be fully accomplished. The adoption of block-
chain technology in alternative C (trade finance) has been slow.

Conclusions
Blockchain has developed rapidly in recent years and is being widely used; however little 
is known about the factors influencing organizational adoption by the banking sector. 
Previous studies on the topic of blockchain adoption mostly ignore or do not include 
information security of users and human resources. Additionally, identifying the criti-
cal factors affecting blockchain adoption is an MCDM problem. Therefore, we propose 
hybrid DEMATEL and EDAS methods to fill the gap in the literature. DEMATEL was 
applied to confirm the interrelationships among the evaluation factors, measure their 
importance, and prioritize the alternatives obtained by the EDAS approach. To illustrate 
and validate the proposed method, we present an empirical study of Taiwan’s banking 
sector.

The main contributions of this study are as follows: (1) we propose a TOE framework 
that encompasses technology and organization and integrates human and security fac-
tors to supplement the framework that identifies the influences of blockchain adoption. 
The results can be used as a reference for the banking sector. (2) The DEMATEL method 
was employed to clarify the relationships among the evaluation factors and determine 
their relative weights. (3) Comparative experiments were conducted to demonstrate 
the effectiveness of the proposed approach. These indicate that the EDAS approach is 
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consistent with the TOPSIS method in terms of ranking. In particular, alternative D had 
the highest priority.

Finally, our study provides a valuable reference for the banking sector to understand 
blockchain adoption and is a useful reference for theoretical and practical implications.

Theoretical implications

Existing studies have examined organizational adoption of blockchain. However, to 
date, no studies have incorporated the human factor into this framework. We applied an 
innovative and multifaceted evaluation framework for the case of blockchain adoption.

This study also clarifies the main factors influencing blockchain adoption in the bank-
ing sector. Thus, this study can serve as a fundamental reference with regard to examin-
ing the adoption of other new technologies in the banking sector.

Our focus on blockchain adoption determinants is, to the best of our knowledge, one 
of the few attempts to factor in the application field of the TOE theory. We applied an 
innovative approach and extend the application field of the TOE theory to the study of 
blockchain in the banking sector. Considering that blockchain adoption is an MCDM 
problem, we therefore propose the hybrid DEMATEL and EDAS methods. Addition-
ally, the TOE framework was modified to include two additional factors that hinder the 
adoption of blockchain. Therefore, the proposed model considers technology, organiza-
tion, human, and security factors.

The above findings extend the application field of the TOE theory to the study of 
blockchain in the banking sector. This research demonstrates that two aspects of the 
TOE model (organizational and technological) are critical factors to implement the new 
technology. Hence, researchers must select variables and specify relationships within the 
TOE framework. Additionally, previous studies use multiple regression analysis for the 
TOE framework. The current study employed hybrid MCDM to the TOE framework to 
identify the key factors for adopting blockchain. Finally, this study fills the gap in the lit-
erature by applying a hybrid MCDM method to understand whether the banking sector 
will adopt blockchain.

Managerial and practical implications

This study also offers several valuable insights for banking practitioners and suggests 
how to adopt blockchain. First, owing to limited resources, the widespread adoption of 
blockchain would produce a significant influence on the banking sector. As previously 
stated, we present four factors in terms of technology, organization, human, and security 
to provide valuable contributions to the banking sector.

Second, the results indicate that security and technology are the top two major factors 
that may strongly influence decisions on blockchain adoption. This implies that these 
two factors should be considered when adopting blockchain technology. Security (C1) is 
considered the most important criterion for blockchain adoption. From this perspective, 
the subcategories differ in importance as follows: client information, system protection, 
and internal information. The criteria of technology also acts as the second important 
factor of blockchain adoption. Under this perspective, system integration and compat-
ibility are the most important sub-criteria.
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Finally, the ranking of alternatives is in relation to declining values; therefore, alter-
native D (mobile wallets) represents the best solution, while other alternatives occupy 
positions as they are listed in the model. It is important to emphasize that alternative 
C (trade finance) has a value close to zero and is a bad solution. These results suggest 
where the banking sector should focus their resources to improve the use of blockchain, 
highlighting the need to leverage certain characteristics of blockchain to increase its 
adoption by the banking sector.

Limitations and future research

The results indicate that the proposed approach is a good alternative solution for the 
banking sector to design a service strategy to boost blockchain adoption. However, 
this study has some limitations that can be used as a start point for further research. In 
terms of how this study can contribute to future research on dark side effects, first, even 
though an ample range of literature was examined to develop the underlying review, and 
the screening criteria employed were developed in an inclusive way, literature of interest 
that has not been included may exist. Second, the evaluation criteria are based on the 
TOE framework, which excludes some possible variables. Additional research should 
incorporate other theories, such as TAM, to further identify other factors. Third, a limi-
tation of this study is its small sample size. Future research should collect more samples 
for more accurate estimates. Fourth, we retained only 12 evaluation criteria to struc-
ture the blockchain adoption model. However, there are numerous risks associated with 
the use of blockchain technology in the banking sector. Security factors include client 
information, internal information, system protection, and backup mechanisms. Future 
studies may incorporate different risks such as legal incoherence and transaction price 
mismatch risks to make different decisions. Fifth, future research should investigate 
how blockchain adoption structures vary across organizational contexts. Finally, differ-
ent MCDM approaches such as analytic hierarchy process (AHP) and analytical network 
process (ANP) can be applied to identify other possible factors influencing blockchain 
adoption. In addition, we aimed to determine the weights of the factors and the choice 
of alternatives using the proposed approach. Nevertheless, these methods can be applied 
and need to be analyzed as there are clear differences between methods that do not 
require accurate information and techniques that can lead to the outcomes of ineffective 
adaptations. Follow-up researchers may further incorporate the other MCDM methods 
for the proposed approach.
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