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ABSTRACT In the era of fierce competition under the evolution of advanced technologies, service innova-
tion plays a decisive role in the survival of organizations. The service innovation evaluation problem becomes
necessary for organizations to review their innovation performances for making according policies to develop
innovative services to satisfy customer needs. This paper addresses the problem by developing a new
methodology for evaluation of service innovation in banking organizations from the customer perspective.
As service innovation is typically characterised by multiple indicators that are qualitative in nature with
their performance being assessed subjectively by customers, we first formulate the evaluation problem of
service innovation using customer surveys as that of multi-criteria decision making under uncertainty and
then develop an evaluation model based on the evidential reasoning approach by means of Dempster-Shafer
theory of evidence for solving it. We conducted an empirical study of three banks in Vietnam to illustrate
the effectiveness and applicability of the proposed methodology. It has been shown that the evaluation
outcome could provide banks with their competitive advantages compared with competitors in terms of
service innovation.

INDEX TERMS Service innovation, banking, customer-driven evaluation, evidential reasoning, multi-
criteria analysis.

I. INTRODUCTION
Under the increasingly competitive pressure, the evolution
of new technologies, along with high volatility in customer
demands for new values in their daily consumed services,
service innovation (SI) has emerged as a sustainable develop-
ment strategy of organizations, aiming to generate new values
of services by redesigning or improving services or methods
in innovative ways in response to varied customer demands
and lead to customer satisfaction [1], [2], [3], [4], [5]. SI ben-
efits organizations by building satisfied customers [6], [7].
SI was found to be a factor influencing customer choices
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in the hotel and leisure industry [8]. In the banking sector,
SI gains an essential ground for banks to provide better and
differentiated services to their customers, achieve compet-
itive advantages, maximize profitability, and continuously
survive in this dynamic industry [9]. Since banks almost
offer similar core services such as deposits, loans, money
transfers, international payment, electronic banking; there-
fore, to effectively compete and grow, banks strive to
innovate their services to produce unique solutions and offer
innovative services different from competitors in order to
retain existing customers as well as attract new customers.
In today’s highly technological world, banks are not left out
of the technological applications of new technologies such as
machine learning, blockchain, artificial intelligence (AI), and
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big data, and have been progressively investing in informa-
tion management systems, information and communications
technologies, or cooperation with Fintech companies to
accelerate SI to serve customers faster and better, enhance
operational efficiency, and increase fragility, security, and
transparency [9], [10], [11], [12], [13], [14]. Once customers
are satisfied with services that a bank offers, they will be loyal
to using the bank’s services as well as give positive feedback
to others, and therefore help the bank acquire new customers
easily at a low cost. Because customers are final consumers of
innovative services, they will be the ones who can contribute
valuable assessments for banks to boost the performance of
SI. In addition, customer interaction was claimed to play an
crucial role in SI processes by acting as catalysts, providing
decisive feedback and contributing to internal marketing of
the new service ideas in financial, cleaning and security, and
information and communications technologies services [15].
Thus, in this study, we tend to rely on customers’ perspective
to evaluate SI. The understanding of customer perceptions on
the performance and the importance of SI attributes as well
as SI levels relative to competitors is necessary for banks to
determine how best they are in offering innovative services to
customers, know their strengths and weaknesses, and thereby
effectively formulate corresponding innovation strategies to
better develop, launch and deliver new services around cus-
tomer needs in order to ultimately satisfy customers, promote
the branding image of the banks in customers’ mind, and
achieve sustainable growth.

Although there have been a certain number of studies
carried out to investigate innovations in service sectors, it is
observed that the field of SI is less investigated than product
innovation, and therefore more research on SI is needed [16].
In the literature, various studies for evaluating SI have been
proposed from customers’ perspective, but mainly focused on
testing the relationship between SI and related variables such
as customer satisfaction, customer loyalty, and customer co-
creation. The list of these studies is presented in section II-C.
In the banking context, some studies have been conducted to
investigate SI [9], [17]; however, Yusheng and Ibrahim [9]
claimed that research on innovation in financial services has
not yet received massive attention compared with other sec-
tors. Especially, analysis in SI research still lacks SI level
evaluation problems, particularly from customers’ perspec-
tive for banking services. Therefore, customer assessments
and their preferences of SI in banking are still in question.

This paper aims to fill the gap in SI literature by developing
a new evaluation method for SI in banking using customer
surveys. To this end, we first identify the main indicators of
SI based on the literature survey and formulate the problem
of SI evaluation using customers’ assessments as that of
multiple attribute decision making under uncertainty. Due
to the qualitative nature of SI indicators and difference in
their experience with service usage, customers’ judgement
on SI indicators are unavoidably associated with uncertainty
and ignorance. Then, we therefore adopt the evidential rea-
soning approach [18], [19] that can appropriately handle the

uncertainty and ignorance in subjective human judgments in
multiple attribute decision making to develop an evaluation
method for SI of banking institutions. The proposed method
is applied to a case study of three banks in Vietnam where
there is still nascent research into SI evaluation in the banking
context. For this point, this study also contributes to fill a
contextual gap in the literature as research on SI are heav-
ily biased to data originating in developed economies [20],
meaning SI in developing economies like Vietnam are still
understudied. Practically the findings of this study will serve
as a useful tool for bank managers to review the performance
of SI indicators following customer judgments, recognize
important innovations in banking services proposed by cus-
tomers, and then can decide on which innovations should
be prioritized to upgrade in order to leverage their rankings
regarding SI in customer perceptions.

The remainder of this paper is structured as follows.
Section II reviews theories of SI, SI in banking industry
and related works in SI. Section III presents preliminaries
including basics of the Dempster–Shafer theory of evidence
and questionnaire design used for data collection. Section IV
provides the proposed methodology for evaluation of SI in
banking from customers’ perspective, and then the empirical
results of using our SI evaluation method in the case study of
three banks in Vietnam are presented in Section V. Finally,
Section VI wraps up the paper with conclusions and points
out limitations as well as suggestions for future research.

II. LITERATURE REVIEW
A. SERVICE INNOVATION
Today, the concept of ‘‘innovation’’ is widely discussed
in academic studies and practical situations though there
seems to be some differences in its definitions. Innova-
tion was interpreted as purposeful and organized changes
in business practices that might bring new opportunities for
enhancing economic and social benefits [21]. Du Plessis [22]
referred innovation as the application of new ideas and
knowledge to generate new products/services and processes
to upgrade business outcomes. In the same line with Du
Plessis, Love et al. [23] briefly considered innovation as the
commercialization of new knowledge. Similarly, Straub [24]
argued that innovation is the successful development of new,
improved, or more competitive products/services or organiza-
tional structures. In addition, Ferreira et al. [25] claimed that
innovation is the designing and launching of new products,
processes, and systems to meet the changes in technologies
and competing markets. Generally, innovation can be defined
as the changes in business processes to design new or signif-
icantly improved products/services in order to increase busi-
ness performance. Innovation includes a variety of types; for
example, product innovation, SI, process innovation, archi-
tectural innovation, management innovation, organizational
innovation, and external relational innovation [26], [27].

This study clarifies the definitions of SI and its mea-
surement. In the dynamic economy today, SI has become
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a mainstay across service sectors for enhancing customers’
satisfaction and loyalty by fulfilling their needs in a more
valuable and profitable manner, keeping a company’s com-
petitive advantage, ensuring long-term business performance,
and creating economic growth [4], [16], [28], [29], [30], [31].
Table 1 shows various definitions of SI. In general, SI can
be defined as a process of adopting new service concepts,
new processes of delivering services, or new technologies to
provide customers with new values.

It is suggested from the existing literature suggests that
the definitions of SI are quite diverse, which implies that
the measures for SI are context-dependent to reflect the
nature of the investigated service. Kiani et al. committed that
there are significant differences among different service sec-
tors in conceptualizing and implementing SI activities [16].
It is also revealed that the conception of SI varies from
country to country depending on different cultural envi-
ronments [40]. Besides that, because there are different
stakeholders involved in the process of designing service con-
cepts and delivering services [41], themeasurement of SImay
also vary depending upon different evaluation perspectives;
for instance, from managers’ or customers’ perspectives.
Depending on the understanding and information that eval-
uators have about SI, the constructs and their measurement
items for SI may change. SI was assessed by managers in
service firms in US and Indian [31] based on the extent to
which a service is new to the company, allows the com-
pany to enter a new market, creates a new product line
for the company, is new to the market, offers new features
and competitive products, requires changes in the customer’s
buying behavior. Hertog et al. [29] proposed a conceptual
framework for managing SI measured with six dimensions of
service concept, customer interaction, value system, revenue
model, organizational delivery system, and technological
delivery system with the final goal of creating new service
experiences and service solutions to bring customers new
values. These dimensions were adopted in [16] to measure
SI in Pakistani cellular companies using self-administered
questionnaire survey done by 312 middle managers of five
cellular companies in Pakistan. For several SI measures
reflected by managers, customers might lack the relevant
internal information and therefore find it difficult to assess
them. Therefore, the other research measuring SI under
customers’ perspective has applied different measurement
constructs. In the research of Su about SI in ethnic restaurant
in Taiwan [42], customer perceptions of SI were measured
by servicescape, service delivery, and product combination.
Chang and Lee [43] measured SI in Taiwanese insurance sec-
tor in four aspects: service concept, client interface, service
delivery system, and technology options under customers’
perspective. Similarly, in the study of Mahmoud et al. [44]
about the associations between SI, customer value creation,
and customer satisfaction in the telecommunication sector,
SI is rated in terms of three dimensions, new service concept
innovation, new service process innovation, and new techno-
logical system innovation. Edvardsson [45] also stated that

service development process focuses on developing service
concept, service system, and service process. In practice,
a service company can innovate every single dimension or
a combination of the several dimensions as above mentioned.
However, the significance of the dimensions will vary across
service sectors.

B. SI IN BANKING INDUSTRY
The expansion of advanced technologies from the industrial
revolution 4.0 has been profoundly changing the activities
of the banking industry in general, especially the develop-
ment and delivery process of banking services in particular.
As technologies are widely used in life today, customers
become proficient in using technological devices such as
computers and smartphones, continuously seeks for new
value experiences, prefer personalized products/services, and
easily switch banks. The popularity of internet banking,
mobile banking, robots and self-service technologies in the
banking industry, especially under the outbreak of the Covid-
19 in early 2020 when no close contact is required to prevent
the spread of the virus [46], has made the competitive advan-
tages of banks no longer defined by physical presence of
branches, but by technological strength, diversity, flexibility,
ease of use, and convenience of banking services. Therefore,
banks need to strengthen the exploitation of new technol-
ogy applications to modernize, innovate, and customize their
services according to customer demands to bring greater
experiences to customers, retain existing customers, and
attract new customers in order to attain long-term success and
sustainable development [12], [47].

Digital banking has emerged as a prominent development
trend in the banking industry when a wide range of financial
transactions and banking operations can be performed online
through technological devices, especially under the compe-
tition from non-banking financial institutions and Fintech
companies. By the end of 2020, there were about 256 dig-
ital banks worldwide, an increase of 4 times compared to
2018 [48]. Banks continuously launch new digital banking
versions to spread their networks in the areas of deposits,
withdrawals, and other activities, which results in a positive
effect on financial inclusion [49], [50]. New technologies
including big data, artificial intelligence, robotic process
automation, biometric technology, and blockchain have also
been commonly applied to reform existing banking services
and operations. Banks successfully apply big data to smartly
analyze a very large data set and quickly extract useful
information about customers’ habits and consumption pat-
terns from various sources such as credit transactions, debit
transactions in order to create customer profiling, promote
product cross selling, detecting risks and frauds, and much
more [51]. Other operations such as customer consultation
and service instruction are also automated using AI or robot
technology [46], which helps to reduce human labor, reduce
costs, enrich user experience, and actively support the mod-
ernization and digitization of banks. Biometric technology
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TABLE 1. Definitions of SI.

is increasingly adopted by banks as the sole reliable means
to authenticate customers to ensure security, prevent fraud,
and reduce risk in online transactions [52]. In addition,
blockchain technology is considered an emerging technology
that is highly resistant to fraud and thereby increases secu-
rity and transparency in banking operations [10]; therefore,
it has been increasingly used by banks in payment services,
money transfers, trade finance, or identifying and verifying
the client’s identity. In addition, cooperation with Fintech
companies is becoming an emerging trend in the banking
sector. This strategic partnership will help take advantage of
both sides. While banks have the upper hand in understand-
ing core banking services, owning customer relationships,
and maintaining trust with customers through a customer
database system and proven analytical models built and per-
fected over many years, Fintech companies have specialized
advantages in technology platforms and therefore can yield
innovative solutions that will potentially disrupt the banking
industry [14], [53]. To this end, innovation will continue to
accelerate, and leading banks will be the ones that make
the most of modern technologies for creating breakthrough
innovations to gain a competitive advantage in the era of
digital transformation.

C. PREVIOUS STUDIES ON SI
Most prior studies on SI have been devoted to test the rela-
tionships between SI and related issues such as customers’
choices in the hospitality industry in the United State [8],

behavioural intention and customer experience in ethnic
restaurants in Taiwan [42], customers’ attraction, satisfaction,
and retention among commercial banks in Botswana [17],
customer value creation and customer satisfaction in Ghana-
ian telecommunication industry [44], service delivery and
customer satisfaction and loyalty in the banking sector of
Ghana [9], customer value co-creation intention in the context
of Vietnamese banks [54], business customer performance
and loyalty in the safety industry in South Korea [4], busi-
ness performance in Australian small and medium enterprise
service firms [55], market performance in Chinese elec-
tronics industry [56], new product performance in various
service firms in Taiwan [30]. The other part of the litera-
ture focuses on determining the determinants for SI such
as service strategies [57], strategic orientation [56], cus-
tomer co-creation [58], team culture and knowledge sharing
behaviour [2]. However, studies about the SI level evaluation
problems are still nascent, especially in the banking context
under our observations.

The SI level evaluation can be measured by different eval-
uators with different perspectives such as managers, experts,
or customers. Managers will deeply understand about their
organizations and can provide quantitative data for certain
attributes that outsiders cannot get these information while
experts will have a more general view and can make objective
comments on different organizations. Customers are those
who consume services and therefore their assessments are
very meaningful for managers to develop appropriate innova-
tions to meet their needs. Customer satisfaction is one of the
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most critical factors for the success in business [59], [60]. For
that reason, in this study, we decide to focus on customers’
overall evaluation of the SI of banks. The understanding
of SI levels compared with rivals from customers’ perspec-
tive is important for banks to propose strategic management
policies.

As mentioned in Section II-A, SI can be dimension-
alized into multiple criteria; therefore, the SI evaluation
problem can be considered as a multi-criteria decision-
making (MCDM) problem. MCDM is typically to rely on
the aggregated assessments to rank a finite set of alter-
natives characterised by multiple attributes/criteria possibly
with imprecise or uncertain information [61], [62]. In related
research about innovation-related problems, previous authors
also used MCDM approach to derive the composite indica-
tors. In MCDM, weighting and aggregating of criteria are
two major tasks in calculating composite indicators [63]. For
example, in a research about innovation processes of French
manufacturing firms by Boly et al. [64], innovation capacity
was measured by 15 innovation management practices each
of which was subdivided into multiple criteria. The statistical
method of value test was adopted to compute the weights of
innovation management practices in four classes of innova-
tive firms (proactive, preactive, reactive, passive), and then
weighted sum was used to calculate the aggregated evalua-
tions on innovation capability of the firms. Ngo et al. [65]
recently developed an integrated method for evaluating the
innovation capability of banks in Vietnam under uncertainty.
In their study, innovation capability was also considered as
a multidimensional concept and innovation capability evalu-
ation was considered as a MCDM problem which requires
taking into consideration multiple innovation management
practices measured by multiple measurement items. The
weight of innovation management practices and their corre-
sponding measurement items were determined based on the
Analytic Hierarchy Process and the overall evaluation on the
innovation capability of banks were the summed performance
assessments on criteria weighted by their importance. As SI
can be decomposed into multiple criteria, this study also
adopt the MCDM approach to evaluate the SI of banks.

III. PRELIMINARIES
In this section we first briefly recall basic concepts and
important operators in Dempster-Shafer theory of evidence
and then describe the questionnaire design used for data
collection in this research.

A. BASICS OF DEMPSTER-SHAFER THEORY OF EVIDENCE
The Dempster-Shafer theory of evidence [66], [67] (also
referred to as the theory of belief functions) is one of
the most popular theories for modeling and reasoning
with uncertainty and imprecision. Let � be the frame of
discernment that is a finite set of elementary hypothe-
ses representing possible answers to a given question. A
mass function (also called basic probability assignment or
basic belief assignment [68]), is defined as a mapping

m : 2�
→ [0, 1] satisfying

m(∅) = 0, and
∑
A∈2�

m(A) = 1 (1)

where 2� is the power set of � and, for any A ∈ 2�, the
quantity m(A) can be interpreted as a measure of belief to the
hypothesis that ‘‘the true answer is in A’’, given the available
evidence.

Two important operations in the Dempster-Shafer theory
are discounting andDempster’s rule of combination [67]. The
discounting operation is used when a source of information
provides a mass function m, but knowing that this source
has probability α of reliability. Then the original evidence is
discounted at a discount rate of (1 − α) resulting in a new
mass function mα defined by

mα(A) = α × m(A), for any A ⊂ � (2)

mα(�) = (1 − α) + α × m(�) (3)

Consider now two pieces of evidence on the same frame �

represented by two mass functions m1 and m2. Dempster’s
rule of combination is then used to combine these pieces of
evidence to generate a new mass function, denoted by m⊕ =

(m1 ⊕ m2) (also called the orthogonal sum of m1 and m2),
which is defined, for any A ∈ 2�

\ ∅, as follows

m⊕(A) =

∑
B∩C=A

m1(B)m2(C)

1 −
∑

B∩C=∅

m1(B)m2(C)
(4)

where ∑
B∩C=∅

m1(B)m2(C)
△
= m⊕(∅) (5)

is the combined mass assigned to the empty set before nor-
malization. Note that the orthogonal sum combination is
only applicable to such two mass functions that verify the
condition m⊕(∅) < 1.
According to Smets’ two-level view in the Transferable

Belief Model [68], when a decision needs to be made, a mass
function m encoded the available evidence must be trans-
formed into a so-called pignistic probability function BetPm :

� → [0, 1] defined by

BetPm(ω) =

∑
A⊆�,ω∈A

m(A)
|A|

(6)

where |A| is the cardinality of A.

B. QUESTIONNAIRE DESIGN AND CONSTRUCT
MEASUREMENT
The questionnaire used for data collection in customer-
oriented evaluation of banking service innovation comprises
three sections: customers’ experience in service usage,
customers’ evaluation on SI indicators, and customers’ per-
ception on the importance of these indicators.

In the first section of the questionnaire, three questions are
asked to capture customers’ experience as follows:
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TABLE 2. Constructs and measurement indicators for SI.

P1 : Which bank(s) have you been using?
P2 : How long have you been using the services of the

bank(s)?
P3 : Which service(s) of the bank(s) have you been

using?

Such information of customers’ experience will be used to
estimate the belief over the customers’ evaluation on SI
indicators. Besides that, demographic variables consisting of
gender and age are also included.

The second section is for responders to rate the perfor-
mance of the evaluated banks on SI measurement indicators
using a five-point Likert scale: very dissatisfied (VD), very
dissatisfied (D), neutral (N), satisfied (S), very satisfied (VS),
denoted byLSI . Table 2 shows three constructs of SI, namely,
new service concept innovation, new service process innova-
tion, new technological system innovation, each of which is
measured by five measurement indicators adapted from [44].
This scale was adapted and validated by [9] and [54], which
ensures its validity and reliability.

Finally, the third section asks responders to rate the impor-
tance of 15 measurement indicators when selecting new
banking services, using a five-point Likert scale that ranged
from 1 – not important at all to 5 – very important, denoted
by LI .

The questionnaire is distributed to a population P of cus-
tomers for data collection. Depending on the number of banks
that responders have been using, the average time to complete
the questionnaire is from 5 minutes to 15 minutes.

Once the database of customer evaluation on SI indica-
tors has been built, it will be utilized to generate so-called
customer-oriented evaluation profiles for SI of banks by
means of mass functions in Dempster-Shafer theory of evi-
dence [66], [67] serving as the knowledge for the following
evaluation of banks’ innovation.

IV. A CUSTOMER-DRIVEN EVALUATION MODEL
Having collected the data using the questionnaire as designed
above, we now develop a model for evaluation of SI in banks.
As SI is characterised by multiple indicators, the proposed
model is essentially a multi-attribute evaluation method, yet
capable of handling inherent uncertainty and imprecision due
to qualitative nature of SI indicators and subjectivity in human
judgments. To this end, the customers’ assessment data are
used to build evaluation profiles for SI indicators of a bank
by means of mass functions in the Dempster-Shafer theory
of evidence [67], and then the Dempster’s rule of combi-
nation is applied for multi-indicator aggregation to produce
the overall performance for the bank’s SI. The outline of the
proposed model is illustrated in Fig. 1. Particularly, it consists
of five steps: 1) estimating the belief on customers’ assess-
ment based on their profile data; 2) modeling customers’
assessments as customer-oriented evaluation profiles for SI
indicators; 3) determining the relative importance of SI indi-
cators reflecting their contribution to SI; 4) combination of
multi-indicator assessments for an overall assessment of SI
taking the relative importance of SI indicators into account;
and 5) establishing a ranking among banks in terms of their
SI performance based on the so-called pignistic transfor-
mation [68] and expected utility. In the following, we will
describe these steps in detail.

Step 1. Estimating the belief over customers’ evaluation
Firstly, the data of a customer c’s experience col-
lected by using questions P1,P2 and P3 will be used
to estimate the belief over customer c’s evaluation
as follows.
Let us denote L1 = {1, . . . , n1}, L2 = {1, . . . , n2},
and L3 = {1, . . . , n3} the sets of possible answers
to P1, P2, and P3, respectively, where k ∈ L1 is the
number of banks that a customer has been using,
k ∈ L2 is the period of time in months that a
customer has been using services and k ∈ L3 is the
number of services that a customer has been using.
Assume that the answers of a customer c to
P1,P2 and P3 are n1c, n

2
c and n3c , respectively.

We then define the belief over c’s evaluation by the
following relation:

βc = α + (1) − α)
1
3

(
n1c
n1

+
n2c
n2

+
n3c
n3

)
where α ∈ [0, 1] is interpreted as the belief over c
when we do not have information about c’s profile,
for example α = 0.5. That is, by definition, the
more experience a customer has with using banking
services, the higher belief βc is in the customer’s
judgments.

Step 2. Defining the mass function for customers’ eval-
uation on SI indicators:
For each SI indicator SIi (i = 1, . . . ,K ), we now
model customers’ evaluation on SIi of a bank B tak-
ing the belief in their judgment into account based
on the so-called mass function in Dempster-Shafer
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FIGURE 1. Outline of the proposed evaluation model.

theory of evidence [67] defined as

mBi : 2LSI → [0, 1]

such that

mBi ({l}) =
1
NB

∑
c: c(SIi)=l

βc, for l ∈ LSI (7)

mBi (LSI ) = 1 −

∑
l∈LSI

mBi ({l}) (8)

and

mBi (L) = 0, for any L ∈ 2LSI \ ({l}l∈LSI ∪ {LSI })

where NB is the total number of customers who
provide evaluation for bank B and c(SIi) = l means
that the performance of bank B at SIi is rated at l by
customer c.
Intuitively, themBi ({l}) represents the average belief
of the population for the performance of bank
B with respect to SIi being at the level l, while
mBi (LSI ) quantifies the ignorance resulting from
missing evaluations due to a lack of knowledge.
As such, for K SI indicators we obtain a tuple of K
mass functions [

mB1 ,mB2 , . . . ,mBK
]

(9)

referred to as customer-oriented evaluation profile
of SI for bank B.

Step 3. Determining relative importance of SI indica-
tors:
Next, we use the data of customers’ perception
on the importance of SI indicators for estimating
their relative importance. For each SI indicator SIi,
we first define its expected importance denoted by
wi as follows.

wi =

∑
l∈LI

|c : c(SIi) = l|
N

× l (10)

where N = |P|, the number of customers partic-
ipating in data collection. The relative importance
of SIi is then defined by normalization as

wi =
wi∑
i wi

(11)

That is, we obtain the following weighting vector
for K SI indicators used in SI evaluation:

[w1,w2, . . . ,wK ] (12)

Note that the weighting vector (12) reflecting rela-
tive importance of SI indicators is incorporated into
the model of SI evaluation for banks participating
in the comparison.

Step 4. Defining the overall performance of banks by
the mass function:
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Having obtained the customer-oriented evaluation
profile (9) for a bank B and the weights associ-
ated with SI indicators as respectively described
in Step 2 and Step 3 above, we are now ready to
aggregate thesemass functions representing SI indi-
cators’ evaluations taking their weights into account
to derive an overall performance of SI for bank B
bymeans of the so-called discounting operation and
Dempster’s rule of combination as follows.
First, by considering mBi as the belief quantified
from the source of evidence SIi and interpretation of
weight wi as the ‘‘degree of contribution’’ of SIi in
evaluating SI of bank B, the discounting operation
is applied to mBi with the weight wi to obtain a new
mass function, denoted by wi⊗mBi : 2LSI → [0, 1],
that is defined by

wi ⊗ mBi ({l}) = wi × mBi ({l}), for l ∈ LSI
wi ⊗ mBi (LSI ) = (1 − wi) + wi × mBi (LSI )

Then, Dempster’s rule of combination is applied
to combine all new mass functions wi ⊗ mBi , for
i = 1, . . . ,K , to obtain an aggregate mass function,
denoted by mB, that is formally defined as

mB =

K⊕
i=1

wi ⊗ mBi (13)

where ⊕ is Dempster’s rule of combination as
defined in (4). Finally, the resulting mass function
mB is considered as the aggregated belief for the
overall SI performance of bank B.

Step 5. Making a ranking among banks:
Finally, to establish a ranking among banks in terms
of their SI performance, we first employ the pig-
nistic transformation (6) for mB’s to obtain approx-
imate distributions for the overall evaluations of
banks’ SI performance. Namely, the pignistic trans-
formation ofmB results in the following distribution
pB : LSI → [0, 1] such that

PB(l) =

∑
A⊆LSI ,l∈A

mB(A)
|A|

(14)

Then, the expected performance of bank B on SI is
determined by

uSI (B) =

∑
l∈LSI

PB(l) × u(l) (15)

for ranking, where u : LSI → [0, 1] is a utility
function as used in [65].

In the following section, we shall employ this model to
evaluate the SI of three banks in Vietnam as a case study to
illustrate its effectiveness and applicability.

V. EMPIRICAL STUDY
A. SAMPLE AND DATA COLLECTION
As above-mentioned in section II-A, the measures for SI may
vary depending on the context of the investigated service.
To develop an understandable and relevant questionnaire for
measuring SI in banking, we have consulted with academic
experts in service science, bank officers, and bank customers.
The questionnaire was first reviewed by two professors with
long years’ experiences in service science and knowledge sci-
ence research to ensure content validity. It was then translated
into Vietnamese and adjusted through discussion with five
experienced banking officers, and finally modified so that
the words were clearer and more suitable for the practical
context. With the suggestions from these officers, we also
included some examples along with the measurement indica-
tors for their clarity and specificity. The targeted responders
are customers who have been using the services of at least
one of three banks in Vietnam, anonymously called Bank A,
Bank B, and Bank C. A pilot study was conducted with five
bank customers to ensure that they all understood the study
and could answer all questions in the questionnaire. After
the pre-testing, we had two banking officers working in each
evaluated bank help asking their customers to participate in
the survey, using an online questionnaire via Google Form.
Each banking officer was given a ‘‘Thank You’’ voucher for
online shopping of 500,000 VND for their support in data
collection. They were also promised to share the research
findings for use in improving their innovation policies.

Adopting a convenience sampling technique, the ques-
tionnaires were distributed to 60 customers of each bank.
The survey process was conducted over a period of one
month. Of 180 distributed questionnaires, 145 responses
were collected, with a completed response rate of 80.56%.
However, only 113 responses were valid and retained for
analysis (after excluding 32 invalid responses because the
participants answered all questions the same). In particular,
there are 6 customers using the services of Bank A, Bank
B, and Bank C, 8 customers using the services of Bank
A and Bank B, 3 customers using the services of Bank A
and Bank C, 18 customers using the services of Bank B
and Bank C, 21 customers using the services of Bank A,
32 customers using the services of Bank B, and 25 customers
using the services of Bank C, which is graphically displayed
in Fig. 2. In term of demographic variables, the majority of
responders were female (53.982%) and older than 30 years
old (52.212%). Table 3 shows the demographic profile of the
participants in this survey.

B. EMPIRICAL RESULTS
Fig. 3 shows the distributions of the belief over customers’
evaluations for the SI indicators of the three banks. In general,
most of the evaluations of customers using the services of
Bank B and Bank C obtain high belief values. As describe
by equation computing the belief of a customer’s evaluation
in section III-B, the belief value is decided by the number of
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FIGURE 2. Distribution of customers by banks.

TABLE 3. Demographic variables.

banks, the time of usage, and the number of services that the
customer has been using. It can be referred from Fig. 2, the
probability of customers using the services of Bank B or Bank
C and also using the services of the remaining two banks is
high. In addition, based on the collected data, the averaged
time period that customers have been using the services in
the case of Bank B is the highest while the averaged number
of services that customers of Bank C have been using is the
highest.

Following the Step 2 above for defining the mass function
for customers’ evaluation on SI indicators, we obtain the
distributions for customers’ evaluation on the 15 SI indicators
of the three banks in the sample as shown in Table 4.

Then, the expected and relative importance of the 15 SI
indicators can be obtained according to (5) and (11) respec-
tively as shown in Table 5).
Now the overall evaluations regarding the SI of the three

banks can be obtained using the discounting and combination
operations presented in the Step 4.

In the case of Bank A, the evaluations for the 15 SI indi-
cators were first discounted using the discounting operation
with the discounting rates of their corresponding relative
weights as shown in Table 5. For instance, Table 6 shows
the discounted masses for SI1, SI2, SI3, SI4, SI5, SI6, SI7,
SI8, SI9, SI10, SI11, SI12, SI13, SI14, and SI15 of Bank A
the corresponding discounting rates of 0.056, 0.053, 0.061,
0.064, 0.063, 0.072, 0.070, 0.064, 0.062, 0.074, 0.071, 0.072,
0.070, 0.071, and 0.077, respectively. The assessments for the

SI indicators at the remaining banks were then discounted
in the same manner. The discounted assessments of Bank A
were next combined using Dempster’s rule of combination to
get the aggregated assessment of each bank. By performing
the same computations for Bank B and Bank C, we had
the aggregated assessments on the SI of all three banks (see
Table 7).
Finally, for the purpose of ranking the three banks in term

of SI, the pignistic transformation and utility function were
applied to derive crisp numbers representing their SI overall
performance. Fig. 4 displays the distributions of the aggre-
gated evaluations on the SI overall performance of the three
banks and their approximations via pignistic transformation.
The expected overall performances of Bank A, Bank B, and
Bank C on SI were finally specified to be 0.627, 0.641, and
0.666, respectively. As a final result, Bank C has the highest
SI performance among the three banks, Bank B is ranked
second, and Bank A stands last.

VI. DISCUSSION AND CONCLUSION
A. SUMMARY
The fierce competition in banking industry forces banks to
pay attentions to developing customer-oriented SI based on
understanding customer views about their services and cus-
tomer preferences on innovations in banking services and
thereby creating appropriate innovations in response to their
customer needs. This study contributes a new method to
solve the SI evaluation problem in the banking context based
on customer surveys. The SI evaluation based on customer
perceptions in this study can support a bank in reviewing
their SI with regard to new concept, new process and new
technological system, recognizing important innovations that
much affect customer selections for new banking services,
and knowing its position in customers’ mind compared to
its rivals. Based on such evaluation, the bank can understand
its strengths and weaknesses in the SI process so that it will
prioritize to develop the certain innovations to effectively
improve its ranking in terms of SI.

In particular, the proposed method considers the differ-
ent belief in different customers’ assessments. This can be
regarded as an advantage of the proposed method because
most previous research based on customers’ evaluations [69]
weighted customers’ assessments equally. It is reasonable
that customers who have been using more bank(s) and/or
using the services the evaluated bank(s) for a longer time,
and/or using more services of the bank(s) should have higher
weight in deciding the performance of SI indicators of the
bank(s) as they have better understanding of the bank(s).
Customers’ assessments on each SI indicator are modeled
as a mass function that capture the uncertainty in evaluating
the performance of SI indicators. Relying on the opinions of
145 banking customers in Vietnam, it was explored that the
most important factor affecting customers’ selection for new
banking services is new technological system innovation,
the next is new service process innovation, and after that
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FIGURE 3. Distributions of the belief over customers’ evaluation.

TABLE 4. Evaluation matrix of SI indicators for three banks in Vietnam.

TABLE 5. Expected importance and relative importance of SI indicators.

TABLE 6. Discounted evaluations for SI indicators of Bank A.

new service concept innovation. Previous studies revealed
that customers emphasized on the importance of technology
factors when they select banking services [70], [71], [72],
[73]. Particularly, Katircioglu et al. concluded that banks
should continually invest into contemporary technologies to
facilitate banking procedures by the extensive provision of
automated teller machine services and the availability of tele-
phone and internet banking as they were found to be the most
important factors behind bank selection in Romania [71].

TABLE 7. Aggregated evaluations on SI for three banks in Vietnam.

Kamakodi and Khan identified the availability of banking
services beyond technology such as e-banking was identi-
fied as a key factor in Indian customers’ decision to switch
banks [72]. Andaleeb et al. emphasized technology adoption
was a critical customer-centric banking practice that aids to
offer better services and achieve higher customer satisfac-
tion in Bangladesh [73]. Finally, the evidential reasoning in
term of Dempster-Shafer’s theory was employed to combine
customers’ assessment in terms of 15 SI indicators to gain
the aggregated assessment on the SI levels of the evaluated
banks. Our proposed method can also be adapted for vari-
ous evaluations of SI in different service sectors with some
modifications in the questionnaire to suit the contexts of each
service sector.

An empirical study of three banks in Vietnam was con-
ducted to demonstrate the applicability and effectiveness of
the proposed method. In the case study of the three banks
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FIGURE 4. SI overall evaluations of three banks in Vietnam:
(a) Aggregated evaluations (b) Approximate evaluations via pignistic
transformation.

(called as Bank A, Bank B, and Bank C), Bank C was ranked
as the best with regard to SI level, Bank B is in the second
position, and Bank A is the worst.

The evaluation outcomes on the performance of SI indi-
cators can help the three banks determine their competi-
tive advantages compared to their competitors. Particularly,
we regard the highest and lowest performance five SI indica-
tors of a bank assessed by customers as internal strengths and
weaknesses of that bank, respectively. For each SI indicator,
the bank with the highest performance among the three banks
is regarded as having external strengths and on that indica-
tor while the remaining two banks are regarded as having
external weaknesses on that indicator. Table 8 shows the
performance of SI indicators at the three banks acquired by
applying the pignistic transformation and utility function to
the data in Table 4. Table 9 shows the overall competitiveness
of the three banks on 15 SI indicators based on combining
the internal and external strengths andweaknesses. The banks
having more overall competitive strengths will have a higher
overall ranking. Therefore, Bank C has the highest overall
competitiveness, the next is BankB, andBankA has theworst
overall competitiveness. The analysis results in Table 9 is
consistent with the ranking by applying our proposedmethod.

TABLE 8. Performance of SI indicators at three banks in Vietnam.

B. MANAGERIAL IMPLICATIONS
The proposition of our framework for evaluating SI in bank-
ing and its application in the case of banks in Vietnam infers
several serious managerial implications as follows:

Firstly, it is essential to notice that the SI evaluation in
banking requires the consideration of multiple criteria, not
just a sole criterion. Our study can provide bank managers
with a comprehensive framework to scrutinize their organiza-
tional SI process, be aware of their strengths and weaknesses,
and then put more effort toward improving the areas of defi-
ciencies in order to ultimately upgrade their SI levels.

Secondly, the research findings delineate the most impor-
tant innovations in the process of developing their new
services that banks should focus on. It is worth noting that
technology-related SI indicators are the highest in impor-
tance, so banks should prioritize efforts to improve these
indicators first, thereby quickly leveraging their SI levels.
As we can see from Table 9, Bank C has overall compet-
itive strengths on the new technological system innovation
indicators that are the most important innovations based on
customer perceptions. It may be referred that the investment
in innovating technologies has helped Bank C achieve the
highest overall SI level among the three banks.

Thirdly, by looking at the mass functions representing the
customers’ assessments of SI indicators at each bank (see
Table 4), bank managers can identify which SI indicators
are not perfect in customers’ mind. Since SI is abstract and
qualitative in nature, customersmight have conflicting ratings
on the same SI indicators at a bank resulting from their dif-
ferent perspectives and understanding of the bank. The bank
should then inspect issues related to those SI indicators, and
do interviews with customers to clarify the areas where they
perform poorly so as to perfect their development process of
innovative services.

Finally, it is suggested that banks should apply the pro-
posed framework and analyze the results multiple times
because the performance of banks concerning SI indica-
tors in conjunction with the importance of those indicators
will change time by time under the dynamic environment.
By comparing the banks’ current SI status against themselves
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TABLE 9. Competitive strengths and weaknesses of three banks in Vietnam.

in the past and against other banks, they can see how they have
improved and draw and learn from mistakes and successes
from their own and rivals.

C. LIMITATIONS AND SUGGESTIONS FOR FUTURE
RESEARCH
Inevitably, this study has certain limitations. One of the lim-
itations is a small sample size that includes only three banks
in Vietnam and the opinions from about 60 customers for
each bank, which may require caution when generalizing the
research findings to thewhole banking system. Hence, further
investigations on a larger sample size need to be done to vali-
date the findings. In addition, SI is a complex construct, so it
may not be sufficient to only rely on only qualitative criteria
and only customers’ perspective to evaluate SI. According to
Constantiou et al., making organizational decisions should be
based on quantitative evidence along with intuitive judgments
for substituting, supplementing, interpreting, and reframing
the quantitative evidence [74]. In further works, other authors
should integrate the evaluations from different viewpoints
such as from experts, bank managers, and customers on both
quantitative and qualitative criteria to adequately describe
the SI of banks and drive the ranking of banks without
controversy. However, it may take time and effort to collect
quantitative data because this data can only be collected from
bank managers, but they are rarely allowed to disclose such
kind of data due to the strict confidentiality of information in
the banking system. Additionally, this study formulates the
weights of SI indicators in crisp numbers. Notably, there were
also different opinions from customers on the importance of
each SI indicator and therefore the importance weights could
be represented in the uncertain form like probability distri-
butions. Further research should be undertaken to develop
new methods capable of handling such uncertainty and then
driving the aggregated assessments based on uncertain per-
formance ratings and uncertain weights.

REFERENCES
[1] A. O’Cass and P. Sok, ‘‘Exploring innovation driven value creation in B2B

service firms: The roles of the manager, employees, and customers in value
creation,’’ J. Bus. Res., vol. 66, no. 8, pp. 1074–1084, Aug. 2013.

[2] K. Hussain, R. Konar, and F. Ali, ‘‘Measuring service innovation perfor-
mance through team culture and knowledge sharing behaviour in hotel
services: A PLS approach,’’ Proc. Social Behav. Sci., vol. 224, pp. 35–43,
Jun. 2016.

[3] J. Tidd and J. R. Bessant,Managing Innovation: Integrating Technological,
Market and Organizational Change. Hoboken, NJ, USA: Wiley, 2020.

[4] H. Woo, S. J. Kim, and H. Wang, ‘‘Understanding the role of service
innovation behavior on business customer performance and loyalty,’’ Ind.
Marketing Manage., vol. 93, pp. 41–51, Feb. 2021.

[5] W. Biemans and A. Griffin, ‘‘Innovation practices of B2B manufacturers
and service providers: Are they really different?’’ Ind. Marketing Manage.,
vol. 75, pp. 112–124, Nov. 2018.

[6] T. S. Gruca and L. L. Rego, ‘‘Customer satisfaction, cash flow, and share-
holder value,’’ J. Marketing, vol. 69, no. 3, pp. 115–130, Jul. 2005.

[7] R. Grewal, M. Chandrashekaran, and A. V. Citrin, ‘‘Customer satisfaction
heterogeneity and shareholder value,’’ J. Marketing Res., vol. 47, no. 4,
pp. 612–626, Aug. 2010.

[8] L. Victorino, R. Verma, G. Plaschka, and C. Dev, ‘‘Service innovation and
customer choices in the hospitality industry,’’Manag. Service Quality, Int.
J., vol. 15, no. 6, pp. 555–576, Dec. 2005.

[9] K. YuSheng and M. Ibrahim, ‘‘Service innovation, service delivery and
customer satisfaction and loyalty in the banking sector of Ghana,’’ Int. J.
Bank Marketing, vol. 37, no. 5, pp. 1215–1233, Jul. 2019.

[10] P. D. Dozier and T. A. Montgomery, ‘‘Banking on blockchain: An evalu-
ation of innovation decision making,’’ IEEE Trans. Eng. Manag., vol. 67,
no. 4, pp. 1129–1141, Nov. 2020.

[11] S. Abualloush, K. Bataineh, and A. S. Aladwan, ‘‘Impact of information
systems on innovation (product innovation, process innovation)—Field
study on the housing bank in Jordon,’’ Int. J. Bus. Admin., vol. 8, no. 1,
pp. 95–105, 2017.

[12] T. Beck, T. Chen, C. Lin, and F.M. Song, ‘‘Financial innovation: The bright
and the dark sides,’’ J. Banking Finance, vol. 72, pp. 28–51, Nov. 2016.

[13] F. K. Sen and W. G. Egelhoff, ‘‘Innovative capabilities of a firm and
the use of technical alliances,’’ IEEE Trans. Eng. Manag., vol. 47, no. 2,
pp. 174–183, May 2000.

[14] M. Palmié, J. Wincent, V. Parida, and U. Caglar, ‘‘The evolution of the
financial technology ecosystem: An introduction and agenda for future
research on disruptive innovations in ecosystems,’’ Technol. Forecasting
Social Change, vol. 151, Feb. 2020, Art. no. 119779.

[15] A. Kuusisto and M. Riepula, ‘‘Customer interaction in service innovation:
Seldom intensive but often decisive. Case studies in three business service
sectors,’’ Int. J. Technol. Manage., vol. 55, nos. 1–2, pp. 171–186, 2011.

[16] M. N. Kiani, S. H. Mustafa, and M. Ahmad, ‘‘Does innovation capabilities
affect the new service innovation success among Pakistani cellular com-
panies?’’ Asia Pacific J. Innov. Entrepreneurship, vol. 13, no. 1, pp. 2–16,
Apr. 2019.

[17] J. E. Agolla, T. Makara, and G. Monametsi, ‘‘Impact of banking inno-
vations on customer attraction, satisfaction and retention: The case of
commercial banks in Botswana,’’ Int. J. Electron. Banking, vol. 1, no. 2,
pp. 150–170, 2018.

68150 VOLUME 11, 2023



N. D. K. Ngo et al.: Customer-Driven Evaluation Method for Service Innovation in Banking

[18] J.-B. Yang and D.-L. Xu, ‘‘On the evidential reasoning algorithm for
multiple attribute decision analysis under uncertainty,’’ IEEE Trans. Syst.,
Man, Cybern. A, Syst. Humans, vol. 32, no. 3, pp. 289–304, May 2002.

[19] V.-N. Huynh, Y. Nakamori, T.-B. Ho, and T. Murai, ‘‘Multiple-attribute
decision making under uncertainty: The evidential reasoning approach
revisited,’’ IEEE Trans. Syst., Man, Cybern. A, Syst. Humans, vol. 36, no. 4,
pp. 804–822, Jul. 2006.

[20] P. Carlborg, D. Kindström, and C. Kowalkowski, ‘‘The evolution of service
innovation research: A critical review and synthesis,’’ Service Industries J.,
vol. 34, no. 5, pp. 373–398, Apr. 2014.

[21] A. Chan, F. M. Go, and R. Pine, ‘‘Service innovation in Hong Kong:
Attitudes and practice,’’ Service Industries J., vol. 18, no. 2, pp. 112–124,
Apr. 1998.

[22] M. Du Plessis, ‘‘The role of knowledge management in innovation,’’
J. Knowl. Manage., vol. 11, no. 4, pp. 20–29, Jul. 2007.

[23] J. H. Love, S. Roper, and J. R. Bryson, ‘‘Openness, knowledge, innova-
tion and growth in U.K. business services,’’ Res. Policy, vol. 40, no. 10,
pp. 1438–1452, Dec. 2011.

[24] A. A. Straub, ‘‘Maintenance contractors acting as service innovators,’’
Construct. Innov., vol. 11, no. 2, pp. 179–189, Apr. 2011.

[25] J. J. M. Ferreira, M. L. Raposo, and C. I. Fernandes, ‘‘Does innovativeness
of knowledge-intensive business services differ from other industries?’’
Service Industries J., vol. 33, nos. 7–8, pp. 734–748, May 2013.

[26] F. Gallouj, ‘‘Innovating in reverse: Services and the reverse product cycle,’’
Eur. J. Innov. Manage., vol. 1, no. 3, pp. 123–138, Dec. 1998.

[27] F. Djellal and F. Gallouj, ‘‘Patterns of innovation organisation in service
firms: Postal survey results and theoretical models,’’ Sci. Public Policy,
vol. 28, no. 1, pp. 57–67, Feb. 2001.

[28] M. Škerlavaj, J. H. Song, and Y. Lee, ‘‘Organizational learning culture,
innovative culture and innovations in South Korean firms,’’ Exp. Syst.
Appl., vol. 37, no. 9, pp. 6390–6403, Sep. 2010.

[29] P. den Hertog, W. van der Aa, and M. W. de Jong, ‘‘Capabilities for man-
aging service innovation: Towards a conceptual framework,’’ J. Service
Manage., vol. 21, no. 4, pp. 490–514, Aug. 2010.

[30] K.-H. Chen, C.-H. Wang, S.-Z. Huang, and G. C. Shen, ‘‘Service
innovation and new product performance: The influence of market-
linking capabilities and market turbulence,’’ Int. J. Prod. Econ., vol. 172,
pp. 54–64, Feb. 2016.

[31] R. Thakur and D. Hale, ‘‘Service innovation: A comparative study of U.S.
and Indian service firms,’’ J. Bus. Res., vol. 66, no. 8, pp. 1108–1123,
Aug. 2013.

[32] A. Oke, ‘‘Innovation types and innovationmanagement practices in service
companies,’’ Int. J. Oper. Prod. Manage., vol. 27, no. 6, pp. 564–587,
May 2007.

[33] C. C. Cheng and D. Krumwiede, ‘‘The effects of market orientation on new
service performance: The mediating role of innovation,’’ Int. J. Services
Technol. Manage., vol. 16, no. 1, pp. 49–73, 2011.

[34] A. Ordanini and A. Parasuraman, ‘‘Service innovation viewed through
a service-dominant logic lens: A conceptual framework and empirical
analysis,’’ J. Service Res., vol. 14, no. 1, pp. 3–23, Feb. 2011.

[35] C. A. Enz, ‘‘Strategies for the implementation of service innovations,’’
Cornell Hospitality Quart., vol. 53, no. 3, pp. 187–195, Aug. 2012.

[36] K. J. Breunig, T. H. Aas, and K. M. Hydle, ‘‘Incentives and performance
measures for open innovation practices,’’ Measuring Bus. Excellence,
vol. 18, no. 1, pp. 45–54, Mar. 2014.

[37] K. Tajeddini and M. Trueman, ‘‘Perceptions of innovativeness among
Iranian hotel managers,’’ J. Hospitality Tourism Technol., vol. 5, no. 1,
pp. 62–77, Mar. 2014.

[38] P. Skålén, J. Gummerus, C. von Koskull, and P. R. Magnusson, ‘‘Explor-
ing value propositions and service innovation: A service-dominant logic
study,’’ J. Acad. Marketing Sci., vol. 43, no. 2, pp. 137–158, Mar. 2015.

[39] N. O. Ndubisi, M. Dayan, V. Yeniaras, and M. Al-Hawari, ‘‘The effects
of complementarity of knowledge and capabilities on joint innovation
capabilities and service innovation: The role of competitive intensity
and demand uncertainty,’’ Industrial Marketing Management, vol. 89,
pp. 196–208, Aug. 2020.

[40] S. C. Srivastava and G. Shainesh, ‘‘Bridging the service divide through dig-
itally enabled service innovations,’’MisQuart., vol. 39, no. 1, pp. 245–268,
2015.

[41] M. D. LeCompte, J. Preissle, and R. Tesch, Ethnography and Qualitative
Design in Educational Research. New York, NY, USA: Academic, 1993.

[42] C.-S. Su, ‘‘The role of service innovation and customer experience in ethnic
restaurants,’’ Service Industries J., vol. 31, no. 3, pp. 425–440, Feb. 2011.

[43] J.-I. Chang and C.-Y. Lee, ‘‘The effect of service innovation on customer
behavioral intention in the Taiwanese insurance sector: The role of word
of mouth and corporate social responsibility,’’ J. Asia Bus. Stud., vol. 14,
no. 3, pp. 341–360, Jan. 2020.

[44] M. A. Mahmoud, R. E. Hinson, and P. A. Anim, ‘‘Service innovation and
customer satisfaction: The role of customer value creation,’’ Eur. J. Innov.
Manage., vol. 21, no. 3, pp. 402–422, May 2018.

[45] B. Edvardsson, ‘‘Quality in new service development: Key concepts and
a frame of reference,’’ Int. J. Prod. Econ., vol. 52, nos. 1–2, pp. 31–46,
Oct. 1997.

[46] X. Guan, L. Xie, W.-G. Shen, and T.-C. Huan, ‘‘Are you a tech-savvy
person? Exploring factors influencing customers using self-service tech-
nology,’’ Technol. Soc., vol. 65, May 2021, Art. no. 101564.

[47] K. Tajeddini, M. Trueman, and G. Larsen, ‘‘Examining the effect of market
orientation on innovativeness,’’ J. Marketing Manage., vol. 22, nos. 5–6,
pp. 529–551, Jun. 2006.

[48] Exton Consulting. Neobanks 2021—Shifting From Growth to
Profitability? Accessed: Sep. 2, 2022. [Online]. Available:
https://extonconsulting.com/wp-content/uploads/2021/01/Report-
Neobanks-2021.pdf

[49] N. Kumar, S. Sharma, andM.Vyas, ‘‘Impact of digital banking on financial
inclusion: An investigation on youngsters in Rupnagar city, Punjab,’’ Int.
J. Manage., IT Eng., vol. 9, no. 5, pp. 365–374, 2019.

[50] S. O. Ouma and F. W. S. Ndede, ‘‘Adoption of digital banking technology
and financial performance of commercial banks in Kenya,’’ Int. J. Current
Aspects Finance, Banking Accounting, vol. 2, no. 1, pp. 42–50, May 2020.

[51] U. Srivastava and S. Gopalkrishnan, ‘‘Impact of big data analytics on
banking sector: Learning for Indian banks,’’ Proc. Comput. Sci., vol. 50,
pp. 643–652, Jan. 2015.

[52] A. Goode, ‘‘Biometrics for banking: Best practices and barriers to adop-
tion,’’ Biometric Technol. Today, vol. 2018, no. 10, pp. 5–7, Dec. 2018.

[53] R. Mihet and T. Philippon, ‘‘The economics of big data and artificial
intelligence,’’ in Disruptive Innovation in Business and Finance in the
Digital World (International Finance Review), vol. 20. Bingley, U.K.:
Emerald Publishing Limited, 2019, pp. 29–43.

[54] N. D. K. Ngo, Y. Kohda, and V.-N. Huynh, ‘‘Analyzing the relationship
between service innovation and customer value co-creation intention: The
case of mobile banking,’’ in Proc. Int. Conf. Appl. Hum. Factors Ergonom.
Cham, Switzerland: Springer, 2021, pp. 456–466.

[55] C. M. McDermott and D. I. Prajogo, ‘‘Service innovation and performance
in SMEs,’’ Int. J. Oper. Prod. Manage., vol. 32, no. 2, pp. 216–237,
Feb. 2012.

[56] S. J. Grawe, H. Chen, and P. J. Daugherty, ‘‘The relationship between
strategic orientation, service innovation, and performance,’’ Int. J. Phys.
Distrib. Logistics Manage., vol. 39, no. 4, pp. 282–300, May 2009.

[57] H. W. Lightfoot and H. Gebauer, ‘‘Exploring the alignment between ser-
vice strategy and service innovation,’’ J. Service Manage., vol. 22, no. 5,
pp. 664–683, Oct. 2011.

[58] A. Gustafsson, P. Kristensson, and L. Witell, ‘‘Customer co-creation in
service innovation: A matter of communication?’’ J. Service Manage.,
vol. 23, no. 3, pp. 311–327, Jun. 2012.

[59] Y. Wang and H. Lo, ‘‘Service quality, customer satisfaction and behav-
ior intentions: Evidence from China’s telecommunication industry,’’ Info,
vol. 4, no. 6, pp. 50–60, Dec. 2002.

[60] J. Parobek, E. Loučanová, M. Kalamárová, M. Šupín, and K. R. Štofková,
‘‘Customer window quadrant as a tool for tracking customer satisfaction
on the furniture market,’’ Proc. Econ. Finance, vol. 34, pp. 493–499,
Jun. 2015.

[61] G. Wei, C. Wei, and H. Gao, ‘‘Multiple attribute decision making with
interval-valued bipolar fuzzy information and their application to emerg-
ing technology commercialization evaluation,’’ IEEE Access, vol. 6,
pp. 60930–60955, 2018.

[62] W. Liang, B. Dai, G. Zhao, and H. Wu, ‘‘Performance evaluation of
green mine using a combined multi-criteria decision making method with
picture fuzzy information,’’ IEEE Access, vol. 7, pp. 174139–174154,
2019.

[63] M. Saisana and S. Tarantola, State-of-the-Art Report on Current Method-
ologies and Practices for Composite Indicator Development, vol. 214.
Princeton, NJ, USA: Citeseer, 2002.

[64] V. Boly, L. Morel, N. G. Assielou, and M. Camargo, ‘‘Evaluating inno-
vative processes in French firms: Methodological proposition for firm
innovation capacity evaluation,’’ Res. Policy, vol. 43, no. 3, pp. 608–622,
Apr. 2014.

VOLUME 11, 2023 68151



N. D. K. Ngo et al.: Customer-Driven Evaluation Method for Service Innovation in Banking

[65] N. D. K. Ngo, T. Q. Le, R. Tansuchat, T. Nguyen-Mau, and
V. Huynh, ‘‘Evaluating innovation capability in banking under uncer-
tainty,’’ IEEE Trans. Eng. Manag., early access, Jan. 20, 2022, doi:
10.1109/TEM.2021.3135556.

[66] A. P. Dempster, ‘‘Upper and lower probabilities induced by a multivalued
mapping,’’ Ann. Math. Statist., vol. 38, no. 2, pp. 325–339, Apr. 1967.

[67] G. Shafer, A Mathematical Theory of Evidence. Princeton, NJ, USA:
Princeton Univ. Press, 1976.

[68] P. Smets and R. Kennes, ‘‘The transferable belief model,’’ Artif. Intell.,
vol. 66, no. 2, pp. 191–234, Apr. 1994.

[69] Y.-H. Chang and C.-H. Yeh, ‘‘A survey analysis of service quality for
domestic airlines,’’ Eur. J. Oper. Res., vol. 139, no. 1, pp. 166–177,
May 2002.

[70] A. Hedayatnia and K. Eshghi, ‘‘Bank selection criteria in the Iranian retail
banking industry,’’ Int. J. Bus. Manage., vol. 6, no. 12, p. 222, Nov. 2011.

[71] S. T. Katircioglu, M. Tumer, and C. Kilinc, ‘‘bank selection criteria in the
banking industry: An empirical investigation from customers in Romanian
cities,’’ African J. Bus. Manage., vol. 5, no. 14, p. 5551, 2011.

[72] N. Kamakodi and B. A. Khan, ‘‘Looking beyond technology: A study
of e-banking channel acceptance by Indian customers,’’ Int. J. Electron.
Banking, vol. 1, no. 1, pp. 73–94, 2008.

[73] S. S. Andaleeb, M. Rashid, and Q. A. Rahman, ‘‘A model of customer-
centric banking practices for corporate clients in Bangladesh,’’ Int. J. Bank
Marketing, vol. 34, no. 4, pp. 458–475, Jun. 2016.

[74] I. Constantiou, A. Shollo, and M. T. Vendelø, ‘‘Mobilizing intuitive judge-
ment during organizational decisionmaking:When business intelligence is
not the only thing that matters,’’ Decis. Support Syst., vol. 121, pp. 51–61,
Jun. 2019.

NU DIEU KHUE NGO received the bachelor’s
degree in finance and banking from the Bank-
ing University of Ho Chi Minh City, Vietnam,
in 2014, the master’s degree in business admin-
istration in finance from National Formosa Uni-
versity, Taiwan, in 2017, and the master’s and
Ph.D. degrees in knowledge science from the
Japan Advanced Institute of Science and Tech-
nology (JAIST), in 2019 and 2023, respectively.
Her research interests include macroeconomics,

financial management, knowledge management, banking innovation, and
banking performance.

ROENGCHAI TANSUCHAT received the bache-
lor’s, master’s, and Ph.D. degrees in economics
from Chiang Mai University, Thailand, in 1997,
2001, and 2006, respectively. He is currently an
Associate Professor with the Faculty of Eco-
nomics and the Director of the Center of Excel-
lence in Econometrics, Chiang Mai University.
His research interests include econometrics, data
analytics, risk modeling, energy finance, com-
modity finance, international commodity trade,

agricultural economics and supply chain, quantum econometrics, and
finance. He has received the Golden Elephant Award 2019 for Outstanding
Researcher in Social and Human Science from Chiang Mai University and
the National Research Council Award (Research Award) 2016 from the
National Research Council of Thailand (NRTC).

PHAM-VAN CU (Member, IEEE) received the
M.S. and Ph.D. degrees in information science
from the Japan Advanced Institute of Science and
Technology, Japan, in 2016 and 2020, respectively.
Currently, he is working on improving the interop-
erability of smart systems.

TOAN NGUYEN MAU received the B.S. degree
(Hons.) from the University of Science—Ho Chi
Minh Nation University (VNU), Vietnam, in 2013,
the M.S. degree in information science from the
Graduate School of Information Science, Japan
Advanced Institute of Science and Technology
(JAIST), Ishikawa, Japan, in 2016, and the Ph.D.
degree from the Graduate School of Advanced Sci-
ence and Technology, JAIST, in 2021. His research
interests include data mining, machine learning,

and parallel processing using GPGPU.

YOUJI KOHDA received the B.S. degree in infor-
mation science, in 1981, and the Dr.Eng. degree
in information engineering from the University of
Tokyo, in 1986. He joined Fujitsu Ltd., in 1986,
andwas engaged in the research of fifth-generation
computing and Internet services. For the past four
years at Fujitsu, hewas engaged in several business
innovations as a Field Innovator. He has been a
Professor with the Japan Advanced Institute of
Science and Technology, since 2011, where he is

currently engaged in service research. He has also been serving as the Vice
President and the Dean for the Graduate School of Advanced Science and
Technology, since 2022.

VAN-NAM HUYNH (Member, IEEE) received
the Ph.D. degree in mathematics from the
Vietnam Academy of Science and Technology,
in 1999. He was a Visiting Professor with
the National Electronics and Computer Tech-
nology Center, Thailand, in 2019; an Adjunct
Professor with Chiang Mai University, Thailand,
from 2015 to 2017; and a part-time Lecturer with
Tsukuba University, Japan, from 2011 to 2015.
He is currently a Professor with the School of

Knowledge Science, Japan Advanced Institute of Science and Technol-
ogy (JAIST). His current research interests include decision analysis and
management science, AI and machine learning, modeling and reasoning
with uncertain knowledge, argumentation, multiagent systems, and Kansei
information processing and applications. He currently serves as an Area
Editor for the International Journal of Approximate Reasoning, the Editor-
in-Chief for the International Journal of Knowledge and Systems Science,
and an Area Editor for the journal Array.

68152 VOLUME 11, 2023

http://dx.doi.org/10.1109/TEM.2021.3135556

