
mathematics

Article

A Hybrid MCDM Model for Evaluating Open Banking
Business Partners

Alexander Kuan Daiy 1 , Kao-Yi Shen 2,* , Jim-Yuh Huang 3 and Tom Meng-Yen Lin 1

����������
�������

Citation: Daiy, A.K.; Shen, K.-Y.;

Huang, J.-Y.; Lin, T.M.-Y. A Hybrid

MCDM Model for Evaluating Open

Banking Business Partners.

Mathematics 2021, 9, 587. https://

doi.org/10.3390/math9060587

Academic Editor: James Liou

Received: 22 February 2021

Accepted: 7 March 2021

Published: 10 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Business Administration, National Taiwan University of Science and Technology,
Taipei 106335, Taiwan; mail4alexdaiy@yahoo.com.tw (A.K.D.); tomlin@ba.ntust.edu.tw (T.M.-Y.L.)

2 Department of Banking & Finance, Chinese Culture University, Taipei 11114, Taiwan
3 IEMBA Program, Graduate School of Business, National Taipei University, New Taipei City 23741, Taiwan;

jimhuang0902@gmail.com
* Correspondence: kyshen@sce.pccu.edu.tw

Abstract: Open banking (OB) is an emerging business field in the financial sector, which relies on
intensive collaboration between banks and non-banking service providers. However, how to evaluate
OB business partners from multiple perspectives for banks is underexplored. Therefore, this study
proposed a hybrid decision model with supports from seasoned domain experts. This study also
adopts a domestic bank from Taiwan and four non-banking service providers to illustrate the hybrid
approach with the confidence-weighted fuzzy assessment technique. The proposed model might be
the first attempt to explore the OB adoption strategy by the novel approach. However, its limitations
are the presumed independent relationship among the factors of this hybrid model. Additionally,
the results hinge upon domain experts’ knowledge. In practice, the research findings identify the
relative importance of banks’ crucial factors to select OB strategic partners, which provide managerial
insights and valuable guidance for the banking sector.

Keywords: open banking (OB); financial technology (FinTech); multiple criteria decision-making
(MCDM); best-worst method (BWM); fuzzy set theory (FST)

1. Introduction

Through advanced digital technology, various industries and diverse services can
now be integrated into a single platform. On one side, the adoption of digital platform
business models can, in turn, enhance the competitive advantage of a business through
operation optimization, data sharing and transaction convenience [1]. On the other side,
conservative financial institutes are reluctant to share their valuable customer information
with other businesses for reasons such as regulations, information security and customer
privacy. Therefore, most of the digital platforms developed by financial institutes apply
only to their own business groups’ products or services.

However, this circumstance has changed when the Revised Payment Service Directive
(PSD2) was launched in January 2018 [2]. Under PSD2, financial institutes in the EU were
requested to share their customer data with other service providers. Consequently, in recent
years, the pressure of sharing customer data with other businesses has spread throughout
the financial industry, which has become an irresistible global trend [3].

In recent years, to follow the trend, the innovative open banking (OB) is then becoming
a twilight for the banking industry because it not only promotes transaction security and
data sharing but also improves efficiency and convenience—both of which are critical for
serving customers in this digital era [4]. OB is a cross-industry collaboration model that
consists of banking and non-banking members providing a series of financial products and
services. Additionally, members of this model utilize innovative open technology platforms
to serve potential customers by sharing information, knowledge, business environments
and customer data [5].

Mathematics 2021, 9, 587. https://doi.org/10.3390/math9060587 https://www.mdpi.com/journal/mathematics

https://www.mdpi.com/journal/mathematics
https://www.mdpi.com
https://orcid.org/0000-0002-8785-2964
https://orcid.org/0000-0001-6659-2684
https://doi.org/10.3390/math9060587
https://doi.org/10.3390/math9060587
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/math9060587
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com/article/10.3390/math9060587?type=check_update&version=2


Mathematics 2021, 9, 587 2 of 19

The banking and non-banking members form a financial ecosystem comprising users’
banks, financial technology companies (FinTechs) and customers (Figure 1). According to
the UK Open Banking Implementation Entity (OBIE), an OB ecosystem can be classified
into the three categories [6]: (1) account providers, including banks, mortgage companies
and payment companies; (2) third party providers (TPPs), including account information
service providers (AISPs) and payment initiation service providers (PISPs) and (3) technical
service providers (TSPs). In this study, we focus on evaluating TPPs for banks to develop
OB business.

Figure 1. Open banking (OB) ecosystem.

Within the OB context, consumers are empowered to control their own financial
information. Furthermore, with the consent of consumers, account providers and TPPs
are capable to access consumers’ financial data in exchange for better financial products
and services [7]. Additionally, most of these products and services are served through
open application interfaces (Open APIs) that are mainly developed by TPPs [8], which
may categorize their domains in telecomm, e-commerce, integrated instant messaging
platform, payment and others. Nevertheless, financial institutes undertake substantial
risk when adopting an innovative business model [9]. The banking sector is under strict
regulation and monitored by authorities; there are various concerns to collaborate with new
partners to devise innovative services. Therefore, selecting alliance partners is a critical
issue for financial institutes to manage risks and enhance their competitive advantage
while adopting OB.

However, only limited studies have paid attention to OB adoption, particularly the
topic of selecting alliance partners to improve competitive advantage. At present, the major-
ity of relevant OB literature seems to focus on regulation and technology issues. Therefore,
a gap exists in the literature on creating value and enhancing competitive advantage for
financial institutes after adoption of the OB business model. In addition, OB emphasizes
providing better customer experience by applying APIs to exchange data between banks
and non-banking businesses [7]. While adopting OB, it is a challenge for traditional banks
to select ideal TPP partners to complement the deficiencies in the innovation service, and
to increase service value, market share and competitive advantage [10].

In sum, the banking literature is underdeveloped in the practical financial domain to
assist traditional banks to select appropriate TPPs. To reach this goal, the current study
has the following objectives. First, the current study constructs a decision model to assist
traditional banks in assessing their competitive advantage while adopting OB. Second, by
adopting the decision model, banks may select apt TPPs to provide superior OB services.
Through collaboration with TPPs, new OB products and services can enhance brand value
and market share, which, in turn, can increase the bank’s long-term competitive advantage.

However, to meet this goal, decision-makers (DMs) have to consider multiple aspects
(e.g., the technology issues, fast-changing external environment and internal management)
while complying with relevant regulations. Therefore, to achieve the aims mentioned
above, the present study employs the multiple criteria decision-making (MCDM) approach
to construct a decision model for traditional banking to evaluate OB business partners. In
this context, MCDM can help DMs construct decision models with multi-hierarchy factors
in a complex environment [11,12]. The current study makes two main contributions to the
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finance literature. First, it develops an OB adoption model for banks’ top management
teams to assessing their competitive advantages while devising OB services. Second, it
provides a practical example of applying the decision model to evaluate suitable TPPs to
increase their competitiveness.

In the following sections, we discuss the criteria of OB adoption, describe the research
method and data analysis, present a practical case example, discuss managerial implications
and provide recommendations for future research.

2. Literature Review
2.1. Introduction to Open Banking

According to Open Banking Europe (OBE) [13], OB refers to “how banks can make
data and services available via APIs to authorized service providers or third parties who
act on behalf of the customer who owns the account”. OB plays a promising role because it
facilitates financial innovation under the widespread use of machine-facilitated support to
provide customers with enhanced user experiences [14].

2.1.1. Development of Open Banking

The financial industry is a conservative industry. The last major change in the global
financial service industry dates back to the 1980s when the German Federal Post Office in-
troduced digital finance [15]. Between 1980 and 2018, only banks and government agencies
were authorized to perform payment transactions. However, as Internet technology and
e-commerce become a part of everyday life, consumer demand for digital financial services
has grown steadily. This demand was not met until the European Union launched the
PSD2 in 2018. The PSD2 regulations grant nonbank companies (i.e., TPPs) in the European
Economic Area access to some customer account information and, with customers’ consent,
the ability to make payments. The OB service prototype was thus established.

2.1.2. State of Global OB Development

To ensure that banks are no longer the only institutions holding financial information
while facilitating digital technology development, the UK government demanded in 2016
that major banks should begin releasing open information by 2018 [16]. In the same year,
the Competition and Markets Authority established the Open Banking Implementation
Entity (OBIE) and issued the open API standards.

In September 2020, OB user number exceeded two million [17]. In 2016, the EU
founded OBE to help its payment service providers and other TPPs to meet the PSD2, and,
then, the OBE announced API protocols [18]. Owing to the favorable environment created
by the EU, 410 TTPs have been registered by September 2020 in the European Economic
Area, where UK (189), Germany (36) and Sweden (28) have the most TPPs [19].

In Asia, the Monetary Authority of Singapore (MAS) and Association of Banks in Sin-
gapore co-launched the API Playbook in 2016, providing banks and TPPs with safety rules
and standards to follow when developing APIs. Additionally, thus, the APIs in Singapore
facilitates data exchange and communication between banks and FinTech companies [20].
The Australian government requires major banks and all banks to start offering OB services
by 2020 and 2022, respectively [21].

In China, OB emerges as tech giants engage in market competition. For example,
Ant Financial (subsidiaries of Alibaba, an e-commerce platform) and Tencent analyze
user behavior and offer OB-related services on both e-commerce and instant messaging
platforms. Currently, Ant Financial and Tencent play significant roles in the global TPP
market [22]. In Hong Kong, the authority released the Open API Framework to ensure that
OB can be implemented by 2021 [23]. In Japan, the Financial Service Agency encouraged
banks to sign collaboration contracts with at least one TPP by 2020 [24].

In Taiwan, OB is implemented after product and service information, account infor-
mation and transactions (i.e., a three-phase approach) are made accessible [25]. By the
third quarter of 2020, Taiwan had completed Phase II, registering eight banks and six TPPs
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and offering 18 APIs that allow consumers to search for account information and apply to
banks for financial products and services [25].

2.1.3. OB-Related Research and Major Discoveries

OB is an innovative financial service created for the financial industry to meet regu-
lations for consumer information control. Related studies in the field of OB have mostly
focused on OB technology and regulations and have rarely examined how banks manage
OB and relevant consumer behavior and banking strategies. Concerning OB technology,
Borgogno and Colangelo [26] claim that OB APIs are the most suitable tools to satisfy the
banking industry’s demands because of their compliance with data portability, technolog-
ical practicality and PSD2. In terms of security, Wang et al. [27] propose that blockchain
technology can solve security- and privacy-related problems for OB.

Concerning studies related to OB regulations, Wolters and Jacobs [28] investigate how
regulations equalize among payment service market development, transaction security
and confidentiality. Their analysis results indicate that the PSD2 and regulations prioritize
payment service market development over transaction security and privacy issues. Thus,
the aforementioned researchers suggest that banks, payment service providers and author-
ities should coestablish legal norms to ensure transaction security and protect consumer
privacy [28].

In terms of consumer behavior, Shaikh et al. [29] conclude that mobile banking app
user-behavior is driven by their product knowledge, usefulness of the app and ease of
use. Dratva [30] explores OB from the views of platform technology and PSD2, declaring
to promote OB successfully in the electronic markets, consumers must perceive OB as a
highly convenient and trustworthy service.

2.2. Critical Factors of Adopting OB to Strengthen Competitiveness

Technology, organization and environment (TOE) are the three aspects in TOE framework
that organizations often consider when adopting innovative technology [31]. Zhu et al. [32]
observe that these three factors influence organizations’ intention to adopt innovative
technology. Since most banks lack experience incorporating TPPs on open APIs, based on
the OB ecosystem proposed by the OBIE, this study devises a research model that integrates
the TOE framework with the “superintendency and regulation” dimension for modeling.
The four dimensions are explained in the following subsections.

2.2.1. Superintendency and Regulation

Financial innovation’s primary goals are to provide new products and services, in-
crease market share, and elevate business performance [33]. However, excessive financial
innovation leads to financial crises [34]. The presence of adequate financial regulations can
shield the financial industry from such concerns and engender financial market stability
and prosperity [35].

On the other hand, government-support programs and tax incentives can consider-
ably assist TPPs and FinTech start-ups in lowering operational costs [36]. Nevertheless,
innovative businesses may violate current rules during the early stages [37]. This requires
them to lobby the authorities to amend existing laws or promulgate special regulations.
Otherwise, certain innovative service providers would be constrained or even excluded.
In summary, whether the OB ecosystems or TPPs can meet government requirements is a
critical concern in OB business.

2.2.2. Technology

OB operations are generally performed through APIs [16]. Therefore, the quality of
API technologies is crucial to elevating the competitive advantage of financial institutes.
Since financial services are strictly concerned with customer data security and privacy,
particularly in the era of rampant cybercrimes, Internet security has become an essential
topic [38]. Additionally, authenticated APIs enable consumers, banks, TPPs and businesses
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to communicate and transmit data safely [39]. Moreover, digital technology and automation
techniques support the growth of PayTech (payment technology) businesses, such as mobile
payments, mobile wallets, mobile money and cryptocurrency [40]. Therefore, banks that
collaborate innovative PayTechs with their service platforms may provide high security
and convenience benefits to their customers [3].

Furthermore, OB operations entail TPPs accessing customers’ financial account infor-
mation from their financial account providers and carrying out various payments. There-
fore, identity authentication is crucial in OB operations [40]. In this viewpoint, identity
authentication and Internet security are critical to online banking users [38,40].

Additionally, OB provides real-time services in which clients can obtain account or
transaction information from their account providers or TPPs in the OB ecosystems [20,38],
which implies that data transmitted between banking and non-banking institutes on the
APIs must be compatible and interoperable [26]. Furthermore, the new OB systems must
operate smoothly and integrate adequately with the banks’ legacy systems to ensure
stability and reliability [38].

2.2.3. Environment

In the TOE framework, the environment dimension refers to the industry, competitors,
service providers and legal environment that businesses must confront [41]. Baker [41] af-
firms that the fierce competition and members in the value chain affect business innovation.
Thus, before implementing OB, traditional banks should analyze the market competition
and OB potential market scale to figure out future profit margins [42]. To develop po-
tential markets and increase profits, traditional banks form alliances with banking and
non-banking companies [43].

Besides, traditional banks that may utilize digital platforms to offer new service
channels should plan to integrate both the original and API channels [38] to prevent the
channel cannibalization effect [44]. Thus, as the banks obtaining potential customers by
developing new API channels, it is also essential to retain existing customers.

2.2.4. Organization

According to the TOE framework, the organizational context includes organizational
size and scope, internal resources, human resources quality and internal communication
procedures [32,41]. As to internal communication procedures, the top management has
the authority to control and allocate internal and human resources during OB’s adoption.
Therefore, OB adoption’s success depends on top management’s support to reform the
organization, reconcile resistance to change, and resolve organization conflicts [45].

The adoption of OB services requires banks to increase setup costs, including infras-
tructure cost, hardware and software facilities cost, recruiting technological HR cost and
training cost [46]. As to operational expenditure, it is a critical indicator of market perfor-
mance after adopting OB [46]. Many studies reported that e-banking increases the usage
of automation banking services and operations, which causes operational efficiency and
cost reduction [46]. Del Gaudio et al. [47] indicate that information and communication
technology can increase bank–customer transaction frequency, lower transaction costs, and
reduce the number of bank branches, which then diminish banks’ operational costs.

On the other hand, adopting OB services must also consider human resource allocation
and the switching cost of transforming incumbent systems to new systems [48]. In addition
to monetary expenditure during the transition process, switching cost also includes users’
resistance to new technology [49]. Frizzo-Barker et al. [48] discover that 80% of adoption
barriers are due to the switching process. Furthermore, banks must also account for risk
management when adopting the OB service [50]. Risks that pertain to new OB systems
include cyber fraud, embezzlement, new system failure and cyberattacks [50].
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2.3. Applications of MCDM Methods on Selecting TPPs

The model proposed in this study is constructed by revising the TOE framework.
Although the revised framework features only four dimensions, the total involved factors
are not few. Since DMs often need to make decisions in dynamic environments with
multiple conflicting objectives, this study selects the MCDM approach for modeling [51].

Typical MCDM methods include the analytical hierarchy process (AHP) [52], analytic
network process (ANP) [53], decision-making and trial evaluation laboratory (DEMA-
TEL) [12], DEMATEL-based ANP (DANP) [54], best–worst method (BWM) [55], VlseKri-
terijuska Optimizacija I Komoromisno Resenje (VIKOR) [56], the technique for order
performance by similarity to ideal solution (TOPSIS) [57] and fuzzy sets incorporated eval-
uations [58,59]. MCDM is used in various domains such as corporate governance [12,60],
risk assessment [61], financial management [53] and transportation decisions [62]. Accord-
ingly, this study applied the MCDM approach to solve the addressed problem.

3. Research Methods

This study proposed a hybrid MCDM model to explore the complicated OB adoption
strategy for the Taiwanese banking sector. A hybrid approach that integrates the BWM,
modified-VIKOR and fuzzy evaluation is devised to collect domain experts’ knowledge
to model this challenging problem. Compared with other MCDM methods, the BWM
has the advantage to reduce experts’ judgment fatigue (fewer pairwise comparisons), and
the modified-VIKOR method may use different parameters to test the robustness of the
ranking result. The research flow involves the following steps: (1) form the framework
of this decision model, (2) retrieve experts’ experience by the BWM questionnaire and
fuzzy evaluations on alternatives and (4) aggregate alternatives’ performances by the
modified-VIKOR method [51].

In the first stage, we referred to OB related research to identify a pool of criteria for
experts to select. We applied the Delphi method to obtain the crucial dimensions and
criteria for forming the BWM questionnaire during the interactions with experts. The
details of this case study will be reported in the next section.

This study adopted the BWM to collect experts’ knowledge to fulfill the evaluation
procedures. Compared with the other well-known MCDM methods (e.g., AHP, ANP or
DEMATEL-based ANP (DANP)), the BWM requires fewer pairwise comparisons from
domain experts. However, it has to assume the independent relationship among its criteria,
also its limitation. A brief introduction of the BWM is in Section 3.1, and the details can
found in [63,64].

3.1. Best–Worst Method (BWM)

The MCDM approach has been prevailing in business and technology research for
decades [65]. Owing to the complexity involved in practical problems, decision makers
(DMs) often have to confront multiple conflicting (or competing) factors to make a com-
promised decision. The mainstream problem in MCDM research is to make a selection or
ranking decision based on the preference or knowledge of DM(s), and this type of problem
is also termed as multiple attribute decision-making (MADM) research. In general, the
additive type (in here, ⊗ is a linear aggregator) of the MADM problem can be denoted as
Equation (1):

E(a) =

C1 C2 · · · Cn
a1
a2
...

am


s11 s12 · · · s1n
s21 s22 · · · s2n
...

...
. . .

...
sm1 sm2 · · · smn

 ⊗
W
w1
w2
...

wn

 (1)



Mathematics 2021, 9, 587 7 of 19

where am, Cn and wn denote the m-th alternative, the n-th criterion and the relative weight
(importance or influence) of the n-th criterion, respectively. Additionally, smn is the perfor-

mance score of the m-th alternative on the n-th criterion, and
n
∑

i=1
wi = 100%.

Various MADM methods were proposed to obtain W for a MADM problem. However,
based on the bounded rationality theory [66], DM would encounter difficulty to identify
the relative importance of all involved criteria clearly while n is too large (e.g., larger
than 7 or more). Therefore, the pairwise comparison approach was created to resolve
this issue. However, the prevailing AHP or ANP method requires DM(s) to conduct at
least n× (n− 1)/2 pairwise comparisons to calculate W, which might cause hindrance for
domain experts to fill a lengthy questionnaire in practice. Therefore, BWM proposed a
more efficient method to collect experts’ opinions (or knowledge). The required steps to
adopt BWM are as follows.

First, we define a decision matrix D as Equation (2) to explain the pairwise comparison
as a MADM problem. Since most MADM problems comprise two layers: (1) dimension
and (2) criterion (associated with a dimension) layers, we assumed that there are p di-
mensions and n criteria of a decision problem. Thus, D comprises of p× p submatrices in
Equation (2). By assuming the independence relationship among the dimensions, we may
further simplify the needed pairwise comparisons by obtaining the importance of each
dimension and the relative weights of criteria under each dimension.
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C
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11mc ). Among the 1m  

criteria, the relative importance of the best criterion over the i-th one ( 11 im m< ≤ ) can be 

regarded as a secondary comparison: ,i iB m B m
d d d× = , where Bd  denotes the importance 

of the best criterion and im
d  the importance of the i-th criterion), and the relative im-

portance of the j-th criterion ( 11 jm m< ≤ ) over the worst one is: ,j jWm m W
d d d× =  ( Wd

denotes the importance of the worst criterion). 
Second, the procedures to obtain relative importance of each dimension or the rela-

tive weight of each criterion in a dimension are similar. In here, we take the case of how 
to obtain the relative weights (importance of strength) of the criteria in 1D im  to explain 
BWM. Researchers have to collect opinions from a DM and form two preference vectors: 

Take the subdecision matrix MD11
C for instance, it denotes that there are m1 criteria

in dimension 1 (i.e., Dim1, and the associated criteria are c11, . . . ,c1m1). Among the m1
criteria, the relative importance of the best criterion over the i-th one (1 < mi ≤ m1) can be
regarded as a secondary comparison: dB× dmi = dB,mi , where dB denotes the importance of
the best criterion and dmi the importance of the i-th criterion), and the relative importance
of the j-th criterion (1 < mj ≤ m1) over the worst one is: dmj × dW = dmj ,W (dW denotes the
importance of the worst criterion).

Second, the procedures to obtain relative importance of each dimension or the relative
weight of each criterion in a dimension are similar. In here, we take the case of how
to obtain the relative weights (importance of strength) of the criteria in Dim1 to explain
BWM. Researchers have to collect opinions from a DM and form two preference vectors:
PB =

(
dB,1, dB,,2, · · · , dB,m1

)
(i.e., best-to-others) and PW =

(
d1,W , d2,W , · · · , dm1,W

)T (i.e.,
others-to-worst). To do so, BWM presumes that a DM can identify the best and worst
criteria as two references. Additionally, the importance scale is the same as the one in AHP
or ANP, ranges from 9 to 1/9.

Third, BWM applies the concept of linear programming to calculate the optimal/estimated
weights (i.e., we

c11
, . . . ,we

c1m1
) of c11 to c1m1 . Since each pair of wB/w1mi or wc1mj

/wW is de-
noted as dB,mi or dmj ,W respectively, a linear solution that minimize the maximum absolute
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differences of
∣∣∣ wB

w1mk
− dB,1mk

∣∣∣ and
∣∣∣w1mk

wW
− d1mk ,W

∣∣∣ for all k can be defined as Equation (3),

where 1 < k ≤ m1:

minmaxk
{∣∣wB/w1mk − dB,1mk

∣∣, ∣∣w1mk/wW − d1mk ,W
∣∣}

s.t.
∑
k

we
mk

= 1

we
k ≥ 0

, for all k.

(3)

By solving Equation (3), the relative weights of c11 to c1m1 can be obtained. Simi-
larly, the relative importance of the p dimensions (i.e., we

D1
, . . . ,we

Dp
) or the criteria in

a different dimension can be obtained. The final weight of each criterion can be calcu-
lated by we

Dj
× we

cimj
(1 < j ≤ p) to have the final weight of the i-th criterion in the j-th

dimension. Besides, Rezaei [63] proposed a measure for the consistency ratio of each linear
programming result (refer Equation (3)).

3.2. Modified-VIKOR Aggregator

Once a MADM problem obtains the relative weights of all criteria (i.e., W in Equation (1)),
it needs to collect the performance scores of each alternative (from s11 to smn in Equation (1))
and aggregates the scores on each criterion for all alternatives. Most linear aggregators,
such as the simple additive weighting (SAW) method, aggregate the weighted performance
scores for each alternative; the higher the better. On the other side, VIKOR takes another
approach to aggregate the weighted “performance gaps” for each alternative, the lower
the better.

The conventional VIKOR method adopts the best and worst scores of a group of
alternatives to calculate the performance gaps for all alternatives. This approach sometimes
might yield unwanted ranking reversion [51]. Therefore, the modified-VIKOR avoids
this potential issue by assigning the ideal (or termed as the aspiration level) and the
worst scores on each criterion (among a group of alternatives) to calculate performance
gaps. The modified-VIKOR can be regarded as a predefined Lp-metric for conducting
compromise programming.

Assume that there are m alternatives and n criteria of a MADM problem, and sij is the
performance score of the i-th (1 ≤ i ≤ m) alternative on the j-th (1 ≤ j ≤ n) criterion. In the
present study, the relative weight of each criterion can be obtained by BWM, denoted as
w1, · · ·wn. Then the Lp-metric indicates the aggregated performance gap of alternative r
on all criteria, shown in Equation (4).

Lpr =

{
n

∑
i=1

[
wi

(∣∣∣s∆
i − sri

∣∣∣)/
(

s∆
i − s∇i

)]z
}1/z

, for 1 ≤ z < ∞ and i = 1, . . . , n. (4)

In Equation (4), s∆
i and s∇i denote the ideal and the worst performance scores on the

i-th criterion, and sri is the performance score of alternative r on the i-th criterion. The ideal
and the worst performance scores in each criterion are defined as “10” and “0” respectively.
However, to retrieve the imprecise knowledge of domain experts for this evolving OB
problem, we proposed a confidence-based fuzzy evaluation to acquire performance scores,
which will be explained in Section 3.3.

The modified-VIKOR method relies on three indices to conduct the final ranking: S, R
and Q. While z = 1 and z ' ∞, the compromise programming may derive

Sr =
n
∑

i=1

[
wi
(∣∣s∆

i − sri
∣∣)/(s∆

i − s∇i
)]

and Rr = maxi
{

wi
(∣∣s∆

i − sri
∣∣)/(s∆

i − s∇i
)∣∣i = 1, 2, . . . , n

}
,

respectively. In modified-VIKOR, Sr and Rr denote the weighted average performance
gap and the maximal weighted performance gap among all the criteria for alternative r.
The modified-VIKOR relies on the synthesized Q index to make the final ranking, which is
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defined as: Q = γ× S + (1− γ)× R, where γ may be applied as a sensitivity analysis to
see the influence of R for the overall ranking.

3.3. Confidence-Weighted Fuzzy Assessment

Since OB adoption strategy is an emerging and evolving topic, even domain experts
might not have full confidence in its evaluation in all aspects. Thus, we proposed the
confidence-weighted fuzzy assessment technique [67] for this study. The key benefit of
using the fuzzy assessment is to capture the semantic opinions from experts. In other
words, we assumed that it would be more intuitive and more comfortable for experts
to indicate their views as “Good”, “Mediocre” or “Bad” than providing an exact figure
between 0 and 10.

The most widely adopted fuzzy triangular membership function is incorporate to in-
dividualize each expert’s semantic scales. Furthermore, the defuzzified assessment figures
will be multiplied with each expert’s confidence on each criterion for each alternative. The
details will be provided in Section 4 with discussions.

4. Exemplary Case Study and Discussions

This study adopted a domestic bank (E.Sun Bank) in Taiwan to illustrate the hybrid
MCDM evaluation approach. E.Sun Bank has 139 branches, and its registered capital is
USD 87.82 billion, ranked as the 8th among 36 banks in Taiwan [68]. The bank’s operational
performance is well-recognized by domestic and international institutions. It has been
included in Dow Jones’ sustainability index for six consecutive years until 2020 and rated
as the top performed bank by the Taiwan Banking Bureau.

To form an OB adoption evaluation model for E.Sun Bank, we invited domain experts
from the banking or FinTech sectors and senior consultants from a reputable international
institution. All the experts have over 10 years’ working experience in the related fields.
The number of participated experts in each stage is not the same, based on their availability.
The involved experts in different stages of surveys are summarized in Table 1.

Table 1. Summary of experts’ background.

Number of Experts
Banking or FinTech Consulting Firm Academics Total

Delphi Survey 5 3 1 9
BWM

Weighting Model 3 4 1 8

Four Alternatives’
Assessments 1 4 - 5

Job Titles

Senior Vice President,
CEO,

IT Department Head,
Senior Manager

Vice President,
Senior Consultant

Full
Professor

After two rounds of discussions with the experts, we devised and collected the Delphi
questionnaires from nine experts in the first stage. The questionnaire contains more than
30 criteria from previous research, and the present study identified 14 criteria with a higher
than 85% consensus rate in four dimensions. The definitions of those 14 criteria and the
associated dimensions are summarized in Table 2.
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Table 2. Dimensions and Criteria of the best–worst method (BWM) model.

Dimensions Criteria Description

Superintendency and Regulation (D1)

Financial Regulations (C1)

Massive government restrictions or
supervisions on OB business, or
inappropriate regulations on OB
innovation services.

Conflicts in policies or regulations (C2)

Banks, TPPs, and the government facing
conflicts with different laws or
regulations, and trying to reconcile
among them.

Technology (D2)

API Technology (C3)

Banks being competent for providing
mobile API interfaces to serve customers
and to experience various OB
financial services.

Authentication Technology (C4)

Banks capable of providing secure and
convenient user authentication
technology to facilitate customers to
verify account identity and to
complete transactions.

OB System Reliability (C5)

OB neo systems operating smoothly and
integrating adequately with the banks’
legacy systems to ensure stability
and reliability.

Internet Security (C6)
Bank providing strictly protection of
customer data and privacy to
prevent cybercrimes.

Environment (D3)

Potential Market Scale (C7) OB service providing a profitable
potential market scale for the bank.

Response to Competitors’ Action (C8) Analyzing OB market competition and
response to competitors’ action

Rapid Services Delivery (C9) Enabling OB system to provide rapid and
prime quality service.

Organization (D4)

Sales increase in original business (C10)
Original business sales growing due to
the increase of market scale of
collaborating alliance.

New Incomes from OB (C11) Incomes from newly developed OB
service or customers.

Top Management Support (C12)

Authority of controlling and allocating
internal and human resources; support to
reform the organization, reconcile
resistance to change, and resolve
organization conflicts

Resistance to Change (C13)
Employees’ resistance or resources
dispute due to organization reforming or
resource re-allocation.

Organization Conflict (C14)

Conflicts causing by differences in
demands, objections, and values among
internal organizational departments
when OB adoption.

In the second stage, eight experts participated in the survey. Refer to Equations (2)
and (3), the eight experts’ opinions formed the best-to-others (BO) and others-to-worst
(OW) vectors for the four dimensions (in Table 3) and the associated criteria (in Table 4),
respectively. In this BWM survey, we adopted the pairwise comparison scale from [63]; the
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relative importance of one criterion over the others ranges from 1/9 (the least important)
to 9 (the most important).

Table 3. Best-to-others (BO) and others-to-worst (OW) vectors of the four dimensions.

Best
Best-to-Others (BO)

Worst
Others-to-Worst (OW)

D1 D2 D3 D4 D1 D2 D3 D4

Expert 1 D3 1 5 1 3 D2 1/9a 1 1/7 1/5
Expert 2 D2 5 1 3 3 D1 1 1/3 1/5 1/5
Expert 3 D3 2 1 1 9 D4 1/5 1/7 1/9 1
Expert 4 D1 1 3 1 2 D2 1/4 1 1/3 1/2
Expert 5 D1 1 9 1 2 D2 1/9 1 1/7 1/5
Expert 6 D3 2 2 1 2 D2 1/2 1 1 1
Expert 7 D3 8 6 1 7 D2 1/7 1 1/9 1/8
Expert 8 D1 1 2 1 1 D2 1/2 1 1 1

In the original “Other-to-Worst” vector, it should be (9, 1, 7, 5) from Expert 1 (D2 is the worst). To conform with
the table’s layout, we transformed it into (1/9, 1, 1/7, 1/5). Same for the rest of OW vectors in Tables 4 and 5.

Table 4. BO and OW criteria vectors in the four dimensions.
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All the BWM analytical results passed the consistency check [64]. The eight experts’
averaged dimensional weights were multiplied with the associated averaged criteria
weights (or called “local weights”) to form the global weights, reported in Table 5.

The experts recommended four plausible TPPs from different fields, namely Taiwan
Mobile (T), momo e-Shop (M), Line (L) and JKOPay (J) as the potential strategic partners
(alternatives) for E.Sun Bank. The first company T engages in mobile telecom and fixed
network services, which accounts for 24.30% market share in Taiwan [69]. M is a leading
domestic e-commerce retailer, which also owns TV and catalog shopping businesses. L is
the most prevailing instant messaging platform in Taiwan, which offers various services in
its integrated APP. Last, company J is the second largest mobile payment service provider
in Taiwan. In addition, E.Sun Bank is not controlled by any consortiums, which is more
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flexible to forge a strategic collaboration with TPPs that have deep ties with consortiums
(e.g., momo e-Shop). The four TPPs’ backgrounds are summarized in Table 6.

Table 5. BWM model’s local and global weights.

Dimensional Weights Criteria Local Weights Global Weights

D1 (27.14%)
C1 64.24% 17.43% (Top)
C2 35.76% 9.71%

D2 (16.37%)

C3 9.92% 1.62%
C4 22.30% 3.65%
C5 23.74% 3.89%
C6 44.03% 7.21%

D3 (38.26%)
C7 37.73% 14.44% (Second)
C8 28.64% 10.96%
C9 33.63% 12.87% (Third)

D4 (18.23%)

C10 16.43% 3.00%
C11 17.95% 3.27%
C12 37.77% 6.89%
C13 15.26% 2.78%
C14 12.59% 2.30%

Table 6. Four third party providers’ (TPPs’) background.

TPPs Business Category Registered Capital a

(In Million TWD)
No. of Users b

(Million)
Official Websites

Taiwan Mobile (T) Telecom. 35,124 7.09
english.taiwanmobile.
com (accessed on 16

February 2021)

momo e-Shop (M) e-Commerce 1400 9.17
en.fmt.com.tw
(accessed on 16
February 2021)

Line (L) Instant Communication 841 21.00
line.me/zh-hant
(accessed on 16
February 2021)

JKOPay (J) Mobile Payment 612 4.00
www.jkos.com
(accessed on 16
February 2021)

a Source: https://findbiz.nat.gov.tw (accessed on 16 February 2021). b The numbers of the four TPPs’ users were collected from local news
reports during 2019–2020.

In Table 5, environment (D3) is the most crucial dimension (i.e., 38.26%), and the top
three important criteria are financial regulations (C1), potential market scale (C7) and rapid
services delivery (C9), respectively. Those are the primary practical contribution.

In the third stage, five experts participated the assessments of the four TPPs. The
experts were requested to rate each alternative’s relative attractiveness on each criterion to
enhance the long-term competitiveness of E.Sun Bank while developing the OB service in
Taiwan. We conducted two types of assessments: the crisp (1–10) and fuzzy ones (from
low to high, three grades). In addition, we extended the conventional fuzzy assessments
into the confidence-weighted ones.

During the Delphi survey stage, several experts revealed that they might not have full
confidence in all aspects of the assessments of those TPPs’ attractiveness on each criterion.
This acknowledgment led us to the confidence-weighted fuzzy evaluations. Four of the five
experts are from one prominent international consulting firm, and they are familiar with
the local banking sector and well-known TPPs of Taiwan. The five experts’ semantic scales
of “Low (L)”, “Middle (M)” and “High (H)” are reported in Appendix A (Table A1) in the

english.taiwanmobile.com
english.taiwanmobile.com
en.fmt.com.tw
line.me/zh-hant
www.jkos.com
https://findbiz.nat.gov.tw
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form of the fuzzy triangular membership function. Additionally, their confidence-weighted
fuzzy assessments for the four TPPs are in Table A2.

We also applied two aggregators—the simple additive weighting (SAW) and the
modified VIKOR—with the BWM weights to form the final evaluations. The BWM+SAW
model’s evaluations are in Table 7, and the BWM+VIKOR model’s assessment in Table 8.
Additionally, the conventional fuzzy assessment indicated the same ranking order as the
confidence-weighted one.

Table 7. BWM+ simple additive weighting (SAW) model.

Criteria
BWM

Weights
Crisp Assessment Confidence-Weighted Fuzzy Assessment

T M L J T M L J

C1 17.43% 5.80 5.60 7.60 5.20 3.96 3.24 5.71 3.64
C2 9.71% 6.00 5.40 6.40 4.80 4.48 3.34 4.12 2.73
C3 1.62% 5.80 5.80 7.40 6.40 4.20 4.04 6.78 5.16
C4 3.65% 7.00 4.80 6.60 5.40 5.14 2.74 5.58 3.64
C5 3.89% 7.40 5.00 6.40 5.80 6.14 2.66 5.32 4.46
C6 7.21% 6.60 5.00 6.00 6.00 5.28 2.48 5.54 4.60
C7 14.44% 7.40 6.80 8.40 5.40 5.93 5.99 7.26 2.97
C8 10.96% 5.80 6.20 6.60 6.00 4.50 5.29 5.58 5.44
C9 12.87% 6.40 6.40 6.80 5.80 6.16 5.70 5.36 3.84
C10 3.00% 5.80 7.20 7.20 6.40 4.22 6.18 5.85 3.50
C11 3.27% 6.00 6.40 7.40 5.40 4.20 4.92 5.49 3.05
C12 6.89% 5.60 7.00 6.60 5.00 3.18 4.90 5.04 1.91
C13 2.78% 5.60 5.60 6.40 6.80 3.40 3.58 4.46 5.50
C14 2.30% 5.60 5.60 6.00 6.80 3.21 3.25 4.06 4.78

Final Score 6.27 6.00 7.03 5.57 4.79 4.37 5.58 3.74
(Ranking) (2) (3) (1) (4) (2) (3) (1) (4)

Table 8. BWM+VlseKriterijuska Optimizacija I Komoromisno Resenje (VIKOR) model.

Criteria
BWM

Weights
Crisp Assessment Confidence-Weighted Fuzzy Assessment

T M L J T M L J

C1 17.43% 0.42 0.44 0.24 0.48 0.60 0.68 0.43 0.64
C2 9.71% 0.40 0.46 0.36 0.52 0.55 0.67 0.59 0.73
C3 1.62% 0.42 0.42 0.26 0.36 0.58 0.60 0.32 0.48
C4 3.65% 0.30 0.52 0.34 0.46 0.49 0.73 0.44 0.64
C5 3.89% 0.26 0.50 0.36 0.42 0.39 0.73 0.47 0.55
C6 7.21% 0.34 0.50 0.40 0.40 0.47 0.75 0.45 0.54
C7 14.44% 0.26 0.32 0.16 0.46 0.41 0.40 0.27 0.70
C8 10.96% 0.42 0.38 0.34 0.40 0.55 0.47 0.44 0.46
C9 12.87% 0.36 0.36 0.32 0.42 0.38 0.43 0.46 0.62
C10 3.00% 0.42 0.28 0.28 0.36 0.58 0.38 0.42 0.65
C11 3.27% 0.40 0.36 0.26 0.46 0.58 0.51 0.45 0.70
C12 6.89% 0.44 0.30 0.34 0.50 0.68 0.51 0.50 0.81
C13 2.78% 0.44 0.44 0.36 0.32 0.66 0.64 0.55 0.45
C14 2.30% 0.44 0.44 0.40 0.32 0.68 0.68 0.59 0.52

S 37.26% 39.99% 29.73% 44.27% 52.06% 56.28% 44.16% 62.60%
R 7.32% 7.67% 4.18% 8.37% 10.53% 11.79% 7.47% 11.08%

Q (γ = 0.95) 35.76% 38.38% 28.45% 42.48% 49.99% 54.05% 42.32% 60.02%
Q (γ = 0.90) 34.27% 36.76% 27.17% 40.68% 47.91% 51.83% 40.49% 57.45%
Q(γ = 0.85) 32.77% 35.15% 25.90% 38.89% 45.83% 49.60% 38.65% 54.87%
(Ranking) (2) (3) (1) (4) (2) (3) (1) (4)

In Table 8, by setting γ as 0.95, 0.90 and 0.85, all revealed the same ranking order:
L � T � M � J; this could be deemed a sensitivity analysis, which suggests the validity



Mathematics 2021, 9, 587 14 of 19

and robustness of the findings. By adopting the hybrid MCDM approach, Line (L) is
recommended as the best OB business collaboration partner for E.Sun Bank.

5. Conclusions

The present study bridges the gap between existing research and practical obstacles
banks face in adopting OB. This study provides a holistic framework, including superin-
tendency and regulation (D1), technology (D2), environment (D3) and organization (D4), to
model this complex issue.

A major finding is that environment (D3) is the most critical dimension, which partially
explains why most banks in Taiwan hesitate to invest in the OB business. Only eight of
36 banks have registered OB business until late 2020. One of the possible reasons might be
the lack of understanding of OB from the public. Besides, though many studies [16,38–40]
emphasized the technological aspect of implement OB, the BWM result indicates that
domain experts deem it the least essential.

The contributions of this study are threefold, two in practical insights the other relates
to the novelty of the hybrid MCDM approach:

(1) The seasoned domain experts helped identify the crucial criteria and their relative
importance on evaluating OB partners for the banking sector;

(2) The top three criteria for banks to consider OB are: financial regulations (C1), potential
market scale (C7) and rapid services delivery (C9);

(3) The confidence-weighted fuzzy assessment revealed consistent ranking results as
the other conventional ones, which may reflect the confidence level of an expert’s
judgment on each evaluation. This hybrid approach contains originality and novelty
in retrieving experts’ knowledge.

In Section 4, we adopted E.Sun Bank as an exemplary case and chose four plausible
TPPs to conduct the analyses. E.Sun Bank is among the minority banks that have registered
the OB business in Taiwan. Its devotion to adopting FinTech is widely recognized. The
proposed hybrid approach (with multiple experiments) suggested consistent ranking order
for E.Sun Bank. This approach has shown its potential on decision aids for the banking
sector to choose their OB strategic partners.

Despite the practical insights brought by this study, it still has limitations. First, the
BWM weighting method presumes the independent relationship among criteria, which
might be enhanced by other MCDM methods. Second, both the SAW and VIKOR are linear
aggregators, future research may consider non-linear ones to capture the synergy among the
variables. Third, the fewer pairwise comparisons required by the BWM sometimes might
cause an unwanted ranking reversal. It is recommended to conduct multiple sensitivity
analyses to reduce this risk. Last, the validity of the findings hinges upon the experience
and knowledge of the experts.
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Glossary of the Acronyms

Acronyms Full Names
OB Open Banking
PSD2 Revised Payment Service Directive
FinTech Financial Technology
OBIE Open Banking Implementation Entity
TPPs Third Party Providers
AISPs Account Information Service Providers
PISPs Payment Initiation Service Providers
TSPs Technical Service Providers
Open APIs Open Application Interfaces
DMs Decision-Makers
MCDM Multiple Criteria Decision-Making
OBE Open Banking Europe
MAS Monetary Authority of Singapore
TOE Technology, Organization, and Environment
PayTech Payment Technology
AHP Analytical Hierarchy Process
ANP Analytic Network Process
DEMATEL Decision-Making and Trial Evaluation Laboratory
DANP DEMATEL-Based ANP
BWM Best–Worst Method
VIKOR VlseKriterijuska Optimizacija I Komoromisno Resenje
TOPSIS Technique for Order Performance by Similarity to Ideal Solution
MADM Multiple Attribute Decision-Making
SAW Simple Additive Weighting
BO Best-to-Others
OW Others-to-Worst

Appendix A. Fuzzy Assessments

Table A1. Triangular fuzzy membership functions of the five experts.

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

High (H) (0.7, 1.0,1.0) (0.7, 0.9, 0.9) (0.7, 1.0,1.0) (0.7, 1.0,1.0) (0.8, 1.0,1.0)
Moderate (M) (0.3, 0.6, 0.9) (0.4, 0.6, 0.8) (0.2, 0.5, 0.8) (0.2, 0.5, 0.8) (0.6, 0.7, 0.8)

Low (L) (0.0, 0.0, 0.5) (0.0, 0.0, 0.5) (0.0, 0.0, 0.3) (0.0, 0.0, 0.3) (0.0, 0.0, 0.6)

Table A2. Confidence-based fuzzy assessments for the four TPPs (Expert 1).

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

T
H M M H H H H H H H H M M H

50% 70% 70% 80% 80% 60% 90% 80% 90% 80% 80% 60% 70% 70%

M
H H H M H H H H H H H M M H

50% 60% 90% 80% 80% 70% 90% 90% 90% 90% 80% 60% 70% 70%

L
M L H H H H H H M H H H M M

70% 60% 90% 70% 80% 80% 90% 80% 90% 80% 80% 60% 70% 80%

J L M H L M M M M M M M M M M
80% 70% 70% 60% 70% 70% 90% 80% 70% 80% 80% 60% 80% 80%
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Table A2. Cont.

(Expert 2)

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

T
M H H H H H M H H H H M M L

50% 70% 80% 90% 80% 90% 55% 80% 70% 70% 80% 55% 45% 40%

M
H M H H M M H H H H H H M L

70% 50% 70% 70% 50% 50% 80% 70% 90% 90% 90% 80% 60% 50%

L
H H M M M M H M H H H H M M

90% 80% 50% 50% 50% 50% 80% 60% 70% 80% 90% 80% 60% 50%

J L L L M M M L M M M L L H H
20% 20% 40% 40% 50% 50% 40% 40% 40% 50% 30% 40% 80% 70%

(Expert 3)

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

T
M M L L M M H M M M L H M M

60% 60% 50% 50% 70% 70% 70% 70% 70% 60% 50% 40% 40% 40%

M
M M L L L L H M M H L M M M

60% 60% 50% 50% 60% 60% 65% 65% 70% 60% 50% 40% 40% 40%

L
M M H H M H H H H H H M H H

50% 50% 80% 80% 80% 80% 80% 80% 70% 65% 65% 40% 60% 60%

J L L H H H H H H H H H H H H
50% 50% 80% 80% 80% 80% 80% 80% 80% 70% 65% 40% 60% 60%

(Expert 4)

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

T
M M M H H M H M M M H H M M

60% 80% 70% 90% 80% 90% 50% 60% 90% 60% 50% 60% 50% 30%

M
L M M L L L M M M M M H M M

60% 70% 70% 50% 70% 70% 50% 50% 50% 60% 50% 60% 50% 30%

L
H H H M M M H H H H H H M M

70% 40% 80% 60% 80% 80% 60% 90% 80% 80% 50% 80% 70% 30%

J H L H M M M M H H M H L H H
85% 20% 75% 40% 60% 60% 20% 80% 50% 40% 30% 30% 50% 20%

(Expert 5)

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

T
M M M L M M H L H L L L M M

90% 70% 80% 90% 80% 70% 80% 80% 90% 80% 80% 80% 80% 80%

M
L L L L L L M M M M M M M M

90% 90% 90% 80% 90% 90% 90% 90% 90% 90% 90% 90% 80% 80%

L
H M H H H M H L L L L L M M

80% 90% 90% 90% 90% 90% 90% 90% 80% 90% 90% 90% 80% 80%

J H H M M M M L M L L L L M M
90% 90% 70% 80% 70% 80% 90% 80% 90% 70% 70% 70% 80% 80%
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