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ABSTRACT Information Technology (IT) has revolutionized the way we manage our money. The adoption
of innovative technologies in banking scenarios allows to access old and new financial services but in a
faster and more secure, comfortable, rewarding and engaging way. The number, the performances and the
seamless integration of these innovations is a driver for banks to retain their customers and avoid costly
change of hearts. The literature is rich in works reporting on the use of technology with direct or indirect
impact on the experience of banking customers. Some mapping studies about the adoption of technologies in
the field exist, but they are specific to particular technologies (e.g. only Artificial Intelligence), or vice versa
too generic (e.g. reviewing the adoption of technologies to support any kind of banking process). So a specific
research effort on the crossed domain of technology and Customer Experience (CX) is missing. This paper
aims to overcome the following gaps: the lack of a comprehensive map of the research made in the field in the
past decade; a discussion on the current research trends of top publications and journals is missing; the next
research challenges are yet to be identified. To face these limitations, we designed and submitted 7 different
queries to pull papers out of 4 popular scientific databases. From an initial set of 6,756 results, we identified
a set of 89 primary studies that we thoroughly analyzed. A selection of the top 20% works allowed us to
seek the most performant technologies as well as other promising ones that have not been experimented yet
in the field. Main results prove that the combined study of technology and CX in the banking sector is not
approached systematically and thus the development of a new specific research line is needed.

INDEX TERMS Banking, financial services, user experience, information and communication technology,
disruptive innovation, internet of things, artificial intelligence, blockchains, product customization, computer
security.

I. INTRODUCTION
Customer Experience (CX) is a major tool for achieving com-
petitive advantage in all industries [1]. It is a holistic inter-
active process, facilitated through cognitive and emotional
clues, moderated by customer and contextual characteristics,
resulting into unique and pleasurable/un-pleasurable memo-
ries [2]. Part of the challenge in building memorable CX is
that experience is an intangible quality that is so different
from one person to the next [3].

The associate editor coordinating the review of this manuscript and
approving it for publication was Jiafeng Xie.

The global interest in CX is continuously increasing. Triv-
ially, using Google Trends we can notice a huge numbers of
references to the term (and counting), proving that the interest
has never be so high [4]. This lends weight to the fact that this
is a truly global challenge [5].

Particularly, the wide spread of both innovative devices and
engaging apps has set higher standards for customer expec-
tations in the banking field. Chatbots, wearables, biometry,
smart speakers, VR/AR, and machine learning are just some
of the information technologies that have profoundly changed
the way we live, so we expect they can be used to manage our
money as well.
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The ferment brought by Fintech and Techfin companies has
shaken even the more reluctant banks, which are now obliged
to innovate to retain their customers. Just like opening a bank
account today is as easy as taking a selfie, changes of heart
are in fact behind the corner. Developing new seamlessly
integrated intelligent services is mandatory to control the
so-called churn rate, and the perspective for the future is that
the deregulation of the market will further amplify the need
for technologies in the banking field. Banks have hunger for
innovation in the CX field.

This systematic mapping study aims at bridging an existing
gap in the state on the art. In fact, despite the numerous contri-
butions of the research community in the banking field, a spe-
cific research effort on the crossed domain of technology and
Customer Experience (CX) is missing. In particular, a com-
prehensive map of the research made in the field in the past
decade is missing, as other mapping studies exist but they are
specific to particular technologies (e.g. only Artificial Intelli-
gence), or vice versa too generic (e.g. reviewing the adoption
of technologies to support any kind of banking processes).
Consequently, a discussion on the current research trends of
top publications and journals is also missing. It could be very
useful for researchers for following interesting and promising
research lines, as well as developing totally new research lines
that are yet to investigated. Finally, the research challenges
for the considered domain are unknown, as no other work
has tried to match the needs of both the banking industry
and the related customers with the nowadays technologies
limitations. This work aims at filling the described gaps by
providing an extensive, complete and detailed analysis of
what the research has proposed in the use of technologies in
the banking field from 2011 to the first half of 2022.

This wants to be a reference both for researchers and
practitioner. The formers can use the results provided in this
study to follow the most promising research trends and to
detect possible innovation holes, in order to overcome them
by activating new research lines. The latter – which could be
bank’s Chief Innovation Officers (CIO) or founders of Fin-
tech startups – can use this paper as a catalogue of innovations
and figure out which technologies would reach the market in
the next 10 years and anticipate needs and changes.

It is important to notice that we are mostly interested in
technologies that will shape the CX in the banking sector by
the next 10 years. The research already knows the impact
of technologies, practices and channels that are well estab-
lished on the market, such as online and mobile banking,
or even more innovative but already consolidated or known
by the customers. We want rather to understand how the bank
branch of the future will look like, aside of technologies that
already find application, and how the customer will access
new or renewed services and bank channels, both physical
and virtual. Finally – for the same reason as above and also
because this mapping study is purely technical – we do not
consider surveys or other similar works involving cohorts
of customers that are measured while using consolidated
technology.

A summary of the main finding of this works is the fol-
lowing. The 40% of the research in the field is made in India,
particularly in research institutions based in Chennai. Nev-
ertheless, top papers are originated from USA, Switzerland
and Australia. The main journal publishing works in the field
is IEEE Access. But the main finding is that there are no
prolific authors or institutions: practically every author of
the listed 282 has only 1 paper in the field, like such works
were by-products of other research lines. This proves that the
combined study of technology and CX in the banking sector
is not approached systematically and thus a specific research
effort is needed given the importance that technology has in
the banking sector.

The remainder of the paper is organized as follows.
Section II reports on the related works, framing this works in
the broader contexts of CX and mapping studies. Section III
describes all the steps of our research method. Section IV
extract the results and main findings of this work. Section V
presents the concluding remarks and sketches the future
research that has to be done to advance the field.

II. RELATED WORKS
Being a discipline falling in the broader area of business
management, a high quantity of works have already been
discussing models, experimentations and implications of CX
within companies. For example, on the Scopus database there
are 2,045 papers having the customer experience keyword.
It is noticeable that if we set the additional ‘‘Computer sci-
ence’’ filter, the number halves (1,007). This rate 1:2 lower
to 1:4 when considering only publications on journals: only
253 out of 953 papers discuss the CX from a computer science
point of view. Evaluating the customer response to digital
innovation require orthogonal skills. In this field, the recent
works of Lemon and McColl-Kennedy among the others are
relevant [6], [7], [8]. Subsetting to the papers related to the
banking sector is a harder work which this mapping study is
aimed at handling.

Systematic mapping study – or systematic review – is one
secondary studymethod useful to go through existing primary
reports, review them in-depth and describe their methodology
and results. Systematic reviews have several benefits: reduce
bias, allow more general conclusions, and can detect more
than individual studies in isolation by the use of statistical
meta-analysis. Guidelines of systematic mapping studies in
software engineering are provided by Peterson et al. [9].
In this case, mapping studies are used to take snapshots of
the research in a specific domain of the software engineering
field (e.g. [10] and [11]).

A couple of mapping studies in the broad domain of CX
exist. In [12] authors aims to examine the trends and themes
in the field of CX using a bibliometric analysis between
1957 and 2017. The paper analyses 1,767 papers selected
from Web of Science (WoS) database using VOSviewer
software tool to create bibliometric networks. The findings
establish the argument that most of the ideas that follow
today in the development of the field are mostly sourced
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from the works published in highly reputed journals. Authors
and institutes from the American and European countries
dominate the contribution to the development of the field.
In [13] authors conduct a bibliometric analysis and amapping
study on 337 publications on customer loyalty and brand
management from 2000 to 2018. The results present the
most cited works on the topic, an evaluation map showing
the most frequent and cited words and six clusters of words
based on their co-occurrence. Interesting findings include the
identification of the most prolific authors. In this case, the
higher number of papers per author is 4. Moreover, the USA
is by far the lead country in terms of scientific production for
the topic, with more than 80 works (follows Australia with
around 30 papers).

The conclusions draft by authors of [14] are interesting
as well. While conducting a mapping study about CX in
e-learning applications, they found that the concept of CX has
different definitions, being in fact a little diluted. Moreover,
results show there are few publications concerning the sub-
ject, particularly in the domain of their interest (e-learning).
Such lack of vertical CX-related research works confirms
what stated above about the requirement of orthogonal skills.

Very few technological reviews in the banking sector exist.
[15] and [16] are two mapping studies collecting the use
of data mining and machine learning techniques for two
different purposes. The first looks at the implementations
of such technologies for bank customers segmentation. The
usage of novel technologies to perform KnowYour Customer
(KYC) procedures is also what we expect to find in our
mapping study (but it is not limited to, by the way), because
knowing the characteristics of customers allow to offer more
personalized products and services that can gratify the client.
Authors performed a systematic literature mapping of 87 pri-
mary studies published between 2005 and 2019. They found
that several data mining and machine learning techniques
have been applied to the problem of customer segmentation,
with clear tendencies regarding the techniques, tools, metrics
and datasets. Particularly, decision trees and linear predic-
tors were the most used data mining and machine learning
paradigms in bank customer segmentation. The second ([16])
looks at the implementations of machine learning techniques
for fraud detection in financial statements. It is distant from
our study because in this case the technology serves at the
back-office of the bank, hence not giving any direct nor
indirect benefit to the customer perception. Anyway, authors
carried out a systematic mapping study of 67 studies. Results
shows that since 2015 there was an upturn in the amount
of studies that use these techniques for fraud detection in
financial statements, where vector support machines are the
most used technique (19 papers) followed by artificial neural
networks (15 papers) and decision trees (11 papers). Perfor-
mances of such algorithms span in the interval 70% - 99.9%.

In [17] authors propose a bibliometric and visual study to
provide an insight in the FinTech field from 1900 to 2020.
The study is very complete as it includes every kind of publi-
cations (articles, proceedings papers, book chapters, reviews,

etc.) in the broad topic of FinTech (with no limitations to
the application of technology in frontend or backend pro-
cesses and services). The Web of Science scientific database
was used to retrieve all the works including the ‘‘Fintech’’
or ‘‘financial technology’’ words in the title. So, the work
is huge: 848 papers were obtained and classified. Authors
used the CiteSpace and VOSviewer science mapping anal-
ysis tools [18], [19], [20], which generate very readable and
intuitive maps.

Finally, the last mapping study found in the banking sector
is [21], in which authors aims to classify and provide a
thematic analysis of studies on the use of blockchain in the
context of financial area, thus allowing to create a clear sys-
tematic map of the current literature, and identify challenges
and research opportunities. Authors reviewed 1884 studies
from 6 data sources, and then selected 23 most interesting
studies after a careful filtering process. The main findings of
their work includes the fact that over 60% used blockchain
technology to increase security, and that Fintech and loan
were the most explored application areas.

What is evident from the state of the art is that a mapping
study in the banking sector on the use of technology with
direct impact on the CX is not currently available, and there-
fore is clear the need to cope with this hole in the scientific
literature.

III. RESEARCH METHOD
The papers were selected first basing on title, abstract and a
light full text screening, which became a deep screening in
case of doubts. The full paper selection process is shown in
Fig. 1. We designed and submitted 7 different queries to pull
papers out of 4 popular scientific databases. From an initial
set of 6,756 results, we identified a final set of 89 papers that
we thoroughly analyzed in order to get their demographics
and sketch current research trends. A selection of the top 20%
works allowed us to seek the most promising technologies
and understand the implications of their use in the sector. This
process will be fully described in the next subsections.

A. RESEARCH QUESTIONS
According to the guidelines of systematic mapping studies in
software engineering, the first step consists in defining the
research scope by means of a number of research questions
which should be addresses. The questions are the following:
RQ1: What are the demographics of the primary studies?

Knowing when and where important publications in the field
are published is important in order to seek prolific research
line as well as reference institutions, journals and authors all
over the world. Following who in the past has been prolific
or precursor of innovation is a good strategy to foresee future
trends.
RQ2: Which technologies are primarily used to improve

the CX in the banking sector and for which purpose? There
is a number of IT technologies that are very good for engaging
the bank customers: vocal interaction, wearables, DeFi, NFC,
etc. Some of them also works on the backend (e.g. AI).
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FIGURE 1. Overview of the search and selection process.

We want to map in great detail the research made in the last
decade and quantify the research by keywords and by purpose
of use.
RQ3: Which are the publication trends in CX for the bank-

ing sector?We want to know how the interests of researchers
have beenmoving across the years, for example analyzing the
change in the use of keyword. Moreover, we want to know
what the research has proposed in the top recent papers.
RQ4: What are the research challenges? It is very impor-

tant to better focus the possible future works of the research
community. Basing on the recent trends in technology, it is
expected that they will reach also the banking sector, soon or
late, because customers expect it. We will try ty find the top
3 technologies or use cases that have been not reported in the
primary studies, trying to underline the practical challenges
behind their implementation.

B. DATA SOURCES
Weused 4 popular scientific databases that are relevant for the
IT sector: IEEE Xplore, ACM Digital Library, SpingerLink
and Scopus.

C. INCLUSION AND EXCLUSION CRITERIA
Before designing the search query, we listed a series of inclu-
sion (IC) and exclusion (EC) criteria that the primary studies
shall satisfy. They are the following:
• Inclusion criteria:
1. Articles published on journals;
2. Articles published from 2011 to the first half of 2022;
3. Articles specifically focusing on the application of

innovative technology having a direct or indirect
impact on the CX in the banking sector;

• Exclusion criteria:
1. Articles published in conference proceedings, book

chapters, books and other minor research contribu-
tions;

2. Articles written in languages other than English;

TABLE 1. The considered queries submitted to the scientific databases.

3. Other reviews or mapping studies;
4. Papers without technical contribution;
5. Surveys;
6. Articles ranked below the 200th position in query

result.
Broadly speaking, we are not interested in analyzing

the effects of well established technologies, practices and
channels, such as online and mobile banking, or even more
innovative but already in the market stage. We also exclude
expectations gathering in papers not having a technological
value. Moreover we exclude all of those papers involving
the bank’s back-office and operability (e.g. business pro-
cesses studies and optimization) without a direct effect on the
customer perception or activities.

D. SEARCH QUERIES
We submitted several queries in order to pull the interesting
papers out of the 4 scientific databases. Nevertheless, only
7 gave significant results, hence here we report only on
these 7. Such queries have been slightly adapted in order to
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TABLE 2. Results per query.

match the specific syntaxes of the engines. There are both
simple and more complex queries, which we built basing
on the quality of the automatic research delivered by the
scientific databases. Despite the number of filters in the query,
in some cases the number of results is high and untreatable,
particularly for SpringerLink and Scopus databases. For those
cases, we set a limit of 200 results per query, being confident
in the ability of search engines to rank high in the result
lists the most significant works. Basing on the analysis of the
results, the number 200 seemed a good trade-off between cov-
erage of the works and feasibility of the study. In Table 1 we
show the used queries with a brief motivation and the number
of results per database.

Please notice that SpringerLink database does not allow to
set specific filters for the abstract (only for the title). Hence
the ABS filter became a filter for the title while searching the
SpringerLink database.

Table 2 reports on the number of results per query, as well
as the number of papers that were selected. A couple of
thought are already noticeable. The first is that the Scopus
database is the more accountable for the considered research
field, in terms of number of primary studies found. This
is mainly due to the multi-source nature of this scientific
database. The second is that query #4 gave no considerable
results at all on every database, hence being a strong hint for
shaping the future research activity.

It is mandatory to evidence that the 110 selected papers
had duplicates. That is, a paper found on multiple databases
or in different queries is always counted. A further refinement
process hence removed duplicates as well as impurities that
exceptionally bypassed the ECs. The final number of primary
studies is 89. See Fig. 1 for an overall overview of the
selection process.

E. CATEGORIES
We have used a custom taxonomy to classify the 89 primary
studies. The classes are the following:

1) RETAIL BANKING
Studies analyzing user perception and usage of bank’s physi-
cal presence, as well as proposing new models of fruition for
bank branches.

2) IMMERVISE AND UBIQUITOUS BANKING
Focus on solutions allowing a seamless integration between
physical and digital world in the banking field.

3) SECURITY
Security solutions in the banking field somehow affecting the
user perception or impacting user’s operability.

4) UX/CX/UCD
Studies promoting newmodels of User Experience, Customer
Experience and User Experience Design.

5) UI
Studies analyzing the use of innovative UI to access financial
services.

6) SERVICE PERSONALIZATION AND NEW SERVICES
Solutions and frameworks tailoring existing financial (tech-
nological) services over the specific user needs and features,
or creating new banking services.

7) PAYMENTS & MONEY SERVICES
Models and solutions for innovative and user-engadging pay-
ment services.

8) CUSTOMER JOURNEY
Studies about the journey of customer moving abroad the
different financial services using different channels.

IV. RESULTS
In this section we answer all the RQs by analyzing the results
extracted from the collection of primary studies.

A. DEMOGRAPHICS (RQ1)
The total number of authors for the 89 primary studies is 282,
affiliated to institutions from 32 countries. In Fig. 2 and 3
the count of papers and authors per affiliation’s country is
reported. India’s contribution to the field is very important:
106 authors (35,37%) contributing on 32 papers (32,37%).
China and UK follow, in reverse order in the two charts,
evidencing the fact that Chinese researchers tend to be aver-
agely more numerous per paper. It must be noticed that a
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FIGURE 2. Numbers of papers per affiliation’s country. Countries with just 1 paper are removed for readability of the graph. They are: Bangladesh,
Azerbaijan, Cyprus, Denmark, Finland, Germany, Italy, Malaysia, Netherlands, Pakistan, Poland, South Korea, Rwanda, Turkey, UAE and Ukraine.

FIGURE 3. Number of authors per affiliation’s country. Countries with less that 3 authors are removed for readability of the graph. They are: Bangladesh,
Brazil, Cyprus, Finland, Netherlands, Pakistan, UAE, Denmark and Germany.

FIGURE 4. Average citations count per country. Countries with a value equal or less than 1 are removed for graph readability. They are: Azerbaijan,
Bangladesh, Indonesia, Pakistan, Rwanda, Saudi Arabia, Cyprus, Italy, Netherlands and Ukraine.

paper is counted for a country if at least 1 author belongs to
that country. As a direct consequence, the same paper can be
counted for multiple countries.

The case of India raised our attention, so we decided to
furtherly investigate. The 98 Indian authors considered in this
work belongs to 43 institutions, 46,94% of which are in the
State of Tamil Nadu. The 43,48% of researchers from Tamil
Nadu (20) are affiliated to 8 institutions located in the city
of Chennai. Understanding the reason of such concentration
of research works in Chennai is out of the scope of this
work. Reading from Wikipedia, Chennai has an economic
base anchored by the automobile, software services, medi-
cal tourism, hardware manufacturing and financial services.
Chennai is home to the first European-style banking system in
India with the establishment of the ’Madras Bank’ on 21 June
1683, almost a century before the establishment of the first
commercial banks. Maybe such historical background con-
tributes to the consistent research in the financial sector.

An important finding is that there are no prolific authors
in the field, that is the majority of authors wrote just 1 paper.

Some small exceptions arise: the following pairs of PS share
some co-authors:
• PS23 & PS58 (Hayashi and Ruggiero from University
of São Paulo, Brazil)

• PS33 & PS59 (Mervyn, from University of Edinburgh,
Ireland)

• PS36 & PS39 (Kumaresan, Senthilkumar and Karthick
from Sathyabama University, India)

• PS77 & PS78 (Hernández-Nieves, Hernández, Gil-
González, Rodríguez-González and Corchado, from
University of Salamanca, Spain)

What about the contribution importance per country? Con-
sidering the citationsmetric, we computed an average citation
count per country. In Fig. 4 it is reported the related chart.
Beware that the histogram should be consulted with Fig. 2 in
mind, e.g. Denmark is the leader in this chart, but with only 1
(very cited) paper. Interesting nations are placed on the left in
both figures: USA, Switzerland and Australia are for sure the
top 3 countries for this metric. Despite the great number of
papers, India ranks quite low in this chart, reaching the same
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TABLE 3. Top 10 journals.

average citations of other countries like the UKwhich has one
third of India’s papers and authors.

With regards to the venue of publication, the most rele-
vant journal in the field is IEEE Access, with 5 works pub-
lished from 2018 to date (PS18, PS19, PS25, PS68, PS69).
The second is Elsevier’s Biometric Technology Today, with
3 works published in 2016, 2017 and 2020 (PS21, PS55,
PS56). Differently from IEEE Access, the Elsevier’s journal
publishes works very focused on a specific topic. The interest
in biometry says a lot about the research trends (we will
discuss this in the next sections). Then there are 9 journals
with 2 papers and a long tail of 63 journals with just 1 single
publication on the topic. Table 3 shows the list of top 10 active
journals. Fig. 5 shows the temporal trend of publications in
the fields. It is evident the increasing interest of the research
community toward the adoption of technology in the banking
sector near to the customer. With regards to the classifica-
tion introduced in section III.E, for each primary study we
identified a main category and a second category. This is
because every work has a main scope, but also a positive
repercussion on other scopes, so we wanted also to capture
this side-benefit. In Fig. 6 it is reported the histogram of the
classification of the PS, considering both the main and the

second category. In Table 4 we report the complete list of
primary studies per category.

B. PRINCIPAL TECHNOLOGIES (RQ2)
We obtained the findings we discuss in the next sections
by using the software VOSviewer 1.6.18 (0). We feed the
VOSviewer wizard by providing a set of CSV files exported
fromScopus. Instead ofmanually searching every publication
on Scopus to export the related CSV files, we queried the
Scopus’ APIs so that all the papers’ data were returned auto-
matically. We used the DOIs collected during the search pro-
cess as IDs to retrieve publications on the Scopus database.
Nevertheless, not all the 89 PS have a DOI: 20 out of 89 PS
do not have a DOI assigned. For these ones, a manual search
by title on the Scopus website was needed to export the CSV
files. Moreover, 6 PS were not available on Scopus. For these,
we retrieved the needed data on other databases, andmanually
created a Scopus-compliant CSV file with such data.

Once we had the 89 CSV files, we created a new map on
VOSviewer basing on bibliographic data. The type of anal-
ysis we demanded to VOSviewer was a fractional-counting
co-occurrence, specifying the Author keywords as unit of
analysis. We chose fractional counting instead of full count-
ing in order to reduce the influence of PS with many key-
words. We chose to use author keywords instead of index
keywords for 2 reasons. The first is that, being crowd-sourced
and selected by authors, in our opinion author keywords are
generally more precise than predefined static taxonomies.
The second reason is more practiacal: Scopus APIs do not
return index keywords. A drawback of using author keywords
is the presence of synonims and duplicates. So a prior nor-
malization was due in the CSV files in order to remove cases
like ‘‘IoT’’ and ‘‘Internet of Things’’, or ‘‘biometric’’ and
‘‘biometrics’’, and so on. At the end of this phase, we reached
a total number of 349 keywords used by the 89 PS.

Another problem was due to 6 PS missing author key-
words. For those PS, we used index keywords instead.

We chose different threshold values for the number of
occurrences per keyword, naming it n, particularly 2 to
7 occurrences. The number of keywords meeting the thresh-
olds were rispectively 46, 19, 10, 7, 5 and 3. No author
keyword was used more than 7 times in the PS. The top
3 keywords are ATM (18 occurrences), biometrics and IoT
(8 occurrences each). In Fig. 7 we show the map for n = 5,
with the aim to begin having a sea-level map of the research in
the field. The size of the frames is proportional to the number
of occurrence of the specific keywords. The weight of the
link is proportional to the co-occurrence of the connected
keywords. The distance between keywords approximaly indi-
cates the relatedness of the PS in terms of co-citation links.
Colors indicates the appartenence to clusters of keywords.
At a very high level, we can see the predominace of PS
involving the ATM, in an interesting cluster involving aspects
of biometrics and authentication. Also the Internet of Things
(IoT) seems to be crucial for the banking of the future,
forming a cluster with AI and the blockchain. In the middle,
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FIGURE 5. Number of papers per year.

FIGURE 6. Numbers of papers per category. In blue, the count of papers falling in the specific category as main classification. In red, the same count but
as second category.

TABLE 4. List of primary studies per category.

a small cluster only including aspects of security connects the
2 domains. In Fig. 8 it is reported the density visualization
map for n= 2, thus only keywords that are used at least twice
in the PS are reported.

C. PUBLICATION TRENDS (RQ3)
In this section we map the research trends in 2 steps. First we
continue analyzing the keywords adoption in the PS using the
VOSviewer software and other metrics. Then, we select the
top 20% PSs, providing for them a deeper overview.

With regards to the first point, Fig. 9 and 10 use a
chromatic indication of the temporal trend for each key-
word. The most recent advancements in the field include
IoT, AI and blockchain technologies. This is a confir-
mation of what we are already witnessing in the bank-
ing industry. Other interesting minor keywords are: risk
assessment, robots, mobile payments and the smart home.
We could summarize saying that the banking customers
of the future will access their services autonomously by
using multi-channel robots, using both smart home devices
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FIGURE 7. Map of the most used keywords in the PS. The size of the labels is proportional to the number of occurrences.

FIGURE 8. Map of the 45 (out of 349) keywords.

TABLE 5. Top keywords occurrence in PS.

or in mobility, protected by a customized risk assessment
layer.

With regards to the classification we exposed in
section III.E, we now count the number of papers by category

and year, in order to understand the current research trends by
means of the custom taxonomy. Tables 6, 7 and 8 reports such
counts using the format of heat maps: the darker is the cell,
the greater is its value.

Table 6 accounts for the main classification, Table 7
accounts for the second classification, finally Table 8 reports
an overall score considering both the classifications. For each
cell we computed a weighted average, in which the weights
for the main and second classifications are respectively 2/3
and 1/3. The score is then divided by the total number of PS
in order to have a percentage. The provided tables are useful
tools to understand the last current trends – which seems
mainly falling in the categories 1, 3 and 6 – and to sketch
possible next research efforts (see next section).
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FIGURE 9. Publication temporal trend of the main keywords.

FIGURE 10. Publication temporal trend of the top 45 keywords.

Here we now select and discuss the top 20% papers of
this study. We selected the top 2 papers for each category,
with a +1 bonus for the top 3 categories cited above, and a
−1 penalty for the less performing category (the 8th). Hence,
the total number of top papers is 18. The criteria we used to
select the most relevant works was quantitative, meaning we
have considered for each paper its numerical performances in
this order of attention:

1) Number of citations. The more the paper is cited, the
more it is relevant;

2) Year of publishing. More recent works have the priority.
3) Journal Impact Factor and H-index. Publications on top

journals are preferable.
Despite the precise order, the decision to select or not a paper
comes out from an overall evaluation of the 3 criteria. For
example, a paper with 8 citations but published in 2022 is
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TABLE 6. Heat map of primary studies per main category and year.

TABLE 7. Heat map of primary studies per second category and year.

TABLE 8. Heat map of primary studies, in percentual, by weighted average of main and second category, and year.

probably outstanding with respect to papers with 16 citations
but issued 5 years ago. We have noticed a predictable corre-
lation between criteria #1 and #3, even if there are very cited
papers published on less quality journals.

Table 9 reports the references of the top 18 PS.
Here we provide a brief summary for each paper in the top

20% PS in order to understand their value.
PS17 provides an eye-based continuous authentication sys-

tem for VR headsets that can be used to seamless authorize
digital payments. By using implicit visual stimuli, i.e. lever-
aging the content of existing apps, the system does not distract
the users from their normal activities, hence providing a non-
intrusive payment experience. The paper is Australian and the
journal is Proceedings of the ACM on Interactive, Mobile,
Wearable and Ubiquitous Technologies.

PS7 focuses on detecting matches between bank operation
records by means of applied intelligence techniques in a big
data environment and business intelligence analytics. This
improves the customer experience because it allows to trace
the journey of the customer among different services, hence
increasing the ability for the bank to providemore customized
services. The paper is Spanish and the journal is Elsevier’s
Information Sciences.

PS10 falls in the Human-Machine Interaction field and
provides a study on how Frontline Service Robots (FSR)
could be employed in the bank branch. The paper provides
actionable suggestions to design and improve the delivery of
services that involve FSRs. The paper is Australian and is
published on the Journal of Service Management.

PS16 provides a framework for Hybrid Customer Interac-
tion in the banking sector. The physical proximity previously
achieved through physical branches is complemented by
an emotional proximity via digitization. By offering hybrid
products, the limitations of siloed interaction points are over-
come, and the customer perceives the interaction of the online
and offline world as a ‘‘no-line system’’. The paper is Swiss
and German, and the journal is Business & Information Sys-
tems Engineering.

PS15 proposes an AR game that can be used for effective
training of students with intellectual disabilities using an
ATM independently. Data are very encouraging, despite it is
the only PS using XR in the banking sector. It foster in us a
new research question: will the XR allow us to access the (vir-
tual) bank branch of the future? The paper is Taiwanese and is
published on the Journal of Applied Research in Intellectual
Disabilities.
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TABLE 9. References of the top 20% primary studies.

PS33 assesses the usability of four biometric ATM designs
in comparison to an existing ATM. Despite usability scores
for the ATMs with biometric sensors were comparable to
scores for the existing ATM, nearly 20% of the participants
said they would not register to use biometric technologies.
In our opinion, further research to be done in the field should
understandwhy. The paper is fromUKand is published on the
International Journal of Technology and Human Interaction.

PS23 improve the CX for digital payments at home by
leveraging presence and light sensors’ data in order to replace
invasive procedure through smartphone notification. Random
Forest machine learning models were used for smart home
behavior information retrieval. The paper is Brazilian and the
journal is MDPI Sensors.

PS25 uses Ubiquitous wrist-worn wearable devices
equipped with photoplethysmogram sensors to extract heart
rate variability (HRV) and provide continuous physiological
authentication for mobile banking. Performance evaluation
shows that HRV is a strong candidate for continuous unob-
trusive implicit authentication, hence improving the CX. The
paper is Turkish and the journal is IEEE Access.

PS41 demonstrates how conversational robo advi-
sors as opposed to static, non-conversational robo advi-
sors, cause greater levels of affective trust compared to
non-conversational robo advisors and evoke a more benevo-
lent evaluation of a financial services firm. The paper is Swiss
and is published on the Journal of the Academy of Marketing
Science.

PS40 explores the personalization-privacy paradox by
examining the factors affecting the willingness to disclose
personal information based upon the privacy calculus frame-
work and its relation to the continued usage of the Voice
Assistant (VA) devices. The analysis shows that personalized
services, perceived enjoyment and perceived complementar-
ity influence the perceived benefits, which in turn positively
affects the personal information disclosure. The paper is
from Thailand and UK, and the journal is SN Computer
Science.

PS46 synthesizes a set of design recommendations to grant
usability of mobile apps also for the banking, particularly
focused for novice and low-literacy populations. This is a
very important theme to provide financial inclusivity by
design. Results confirm that textual interfaces are unusable
by first-time low-literacy users, and error prone for literate
but novice users. The paper is from India and USA, and is
published on the ACM Transactions on Computer-Human
Interaction.

PS47 identifies empathetic, high-touch relationship
between those two parties as the key aspect of a successful
advisory encounter. Nevertheless, banking advisors were
caught between the high-touch and high-tech aspects of an
advisory service. To facilitate the high-touch interaction, this
article augments pen-and-paper practices with digital content
unveiling the potential ofmixed reality approaches. The paper
is Swiss and the journal is Proceedings of the ACM on
Human-Computer Interaction.
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PS73 propose a new system, based on distributed ledger
technology (DLT), that reduces the costs of the core KYC
verification process for financial institutions while improving
the CX. The core KYC verification process is only conducted
once for each customer, so it can be securely shared by
customers with all the financial institutions that they intend to
work with. The paper is from Switzerland and Denmark, and
the journal is Business and Information Systems Engineering.

PS78 provides a novel Fog Computing solution integrating
predictive systems in the process of delivery of personal-
ized customer services for the recommendation of banking
products. The architecture includes fog nodes where data are
processed by light intelligent agents allowing for the imple-
mentation of contextual recommendation. It also supports the
evolution toward a one-stop shop approach, hence improving
aspects of customer support services. The paper is Spanish,
and the journal is Expert Systems with Applications.

PS69 provides a powerful risk prediction model with AI
based on big data analytics to predict default behaviors with
better accuracy and capacity. The peculiar feature of this
approach is the use of IoT sensors to gain real-time data on
clients’ assets, which would lead to more effective evalua-
tion algorithm of financial risk management. Validation and
testing were performed on the dataset obtained from a large
commercial bankwith IoT-based services in China. The paper
is Chinese and the journal is IEEE Access.

PS84 is very interesting, as it underlines the human right to
not be traced, particularly when spending our money. We are
always connected to the Internet and we leave digital traces
everywhere. The paper proposes a peer-to-peer payment sys-
tem based on NFC and partially blind signature scheme to
hide the customers’ identity from the bank. Unfortunately,
the paper does not solve the double spending problem, as the
banks keep on storing some (anonymized) information. Fur-
ther research should be done in the field, as the paper is from a
decade ago and the topic is extremely actual: even the Central
European Bank foresees a cash-like payment feature for the
Digital Euro project. The paper is from South Korea and the
journal is Personal and Ubiquitous Computing.

PS88 proposes a framework to automate the cheque set-
tlement process. It performs cheque generation, processing
and settlement through both online and physical modes. The
framework is based on blockchain technology, where the
blockchain network brings all different banks on a common
platform. It also comprises a novel trust-based consensus
mechanism for block mining that outperforms the existing
proof-of-work based approach by reducing consensus time
by 25%. The paper is Indian and the journal is Cluster
Computing.

PS89 creates in-depth understanding of how do customers
experience omni-banking services and what are the key fac-
tors related to their experiences. Customers are demanding
more real-time, personalized and seamless banking experi-
ence. Results imply that focusing only on the present experi-
ences is not enough, but it is important to pay attention to also
past and imagined future experiences as well. The paper is

Finnish and is published on the Journal of Financial Services
Marketing.

D. RESEARCH CHALLENGES (RQ4)
As a follow up of the previous section, we can make some
considerations about what we expected to find during this
mapping study, but we didn’t, laying the foundation for new
research efforts. Among the many others, basing on what the
banking industry is currently asking, we can identify 3 main
research challenges that should be addressed:

1. Models and techniques for a fully operating and
highly humanized self-service branch, that will allow to
design a hi-tech unattended branch capable of running
autonomously while delivering a high level of CX.

2. Immersive branch, to access all the banking services via
the branch’s digital twin using the metaverse and the web3
during uncertain times.

3. Privacy-first payments, that is the capability for a customer
to withdraw digital currency from a Central Bank Digital
Currency (CBDC) and spend it offline as it was cash.

Motivations behind point 1 arise from a very big threat
for the CX we are witnessing nowadays. Driven by the
increasing costs in running branches (e.g. salaries, rent, util-
ities, security) banks have been closing most of the non-
redditive branches [22], [23], [24]. For example in Italy in
the last decade 10.000 branches (out of 33.600) definitely
closed [25]. The closing of a branch causes frustration to
the customers who have to change their habits [26], [27],
by choosing a different, more distant, branch (or even a dif-
ferent bank). It follows a damage for the identity of the bank,
which seems betraying and abandoning their customers, giv-
ing the feel of a bank not present on the territory. Models
of self-service branches are becoming popular as a com-
promise between costs and services delivered [28]. In these
branches, the customer can do everything s/he did with an
employee in front, but using advanced ATMs provided with
tablets, scanner, printer and so on. When needed, the cus-
tomer can start a call with a remote consultant. Anyway,
level of humanization is low, because in the end persons are
definitely missing. The kind of emotional, de visu, one to
one, relationship between consultant and customer disappears
in this approach. A challenge for the research community
is to provide solutions to this problem, suggesting models
and techniques to design highly emotional and humanized
self-service branches. Probably a combination of IoT, AI and
voiced-based UI could support such kind of requirements:
IoT as a link between the physical and the digital world,
providing sensitivity to the presence and security; AI as a
KYC tool, and to provide security as well; the voice, as a
natural human way to conduct dialogs, also with machines.
PS16 could be a nice starting point for the research.

Point 2 is like a consequence of the first. During our
times we are seeing tragic events like pandemics, wars, cli-
mate changes seriously impacting and upsetting our life.
Guaranteeing financial inclusivity and continuity of service
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also during insecure times is crucial [29], [30]. Maybe the
biggest absent in this mapping study is web3, particularly
the metaverse vertical. The lack of results for query #3 (see
Table 2) is the confirmation. A research challenge is to
provide an ubiquitous immersive 24/7 access to the virtual
humanized branch, so that the banking customers of the future
will use their visors to manage their banking services while
experiencing a high level of humanization. Humanization is
needed because consumer viewed brand as a relationship
partner. There is different way to achieve this understanding
of consumers about brand, one way is to brand are animated,
humanized or personalized [31]. Home banking and mobile
banking struggle to do this [32]. Hence, consistent research
efforts should be spent in the field. PS15 is kind of a forerun-
ner for such research.

Point 3 is about privacy in digital payments. A fundamental
human right in the digital age is privacy [33], [34]. We are
always connected to the Internet and we leave digital traces
everywhere [35]. This is also true for digital payments [36],
especially in the perspective of the progressive disappearing
of cash [37]. Even if we use decentralized systems like the
blockchain, information on our payments is publicly avail-
able and our hidden identity could be reverse engineered
[38], [39]. People do need a form of cash-like payments
that could ensure the same level of privacy as for the cash
counterpart [40]. Unfortunately, the double spending problem
– that is, the possibility to clone and spend multiple times
the same digital currency – blocks the development of secure
off-line cash-like P2P digital payments [41]. This problem
is currently solved by involving a trusted third party, like a
bank or a DLT (hence loosing the privacy of the payment)
or using on-line consensus algorithms, which leaves public
traces and highly impact on the environmental sustainability
of the payment system [42], [43]. A cash-like feature for dig-
ital payments will particularly meet a specific and currently
uncovered requirement for the Digital Euro project [44].
PS84, reported in this mapping study, approaches but does
not resolve the problem, which is extremely challenging and
deserve a full research line to cope with.

So, finally, PS15, PS16 and PS84 are the 3 most inspiring
primary studies in terms of challenges they open in the use of
technology improving the CX in the banking sector.

V. DISCUSSION AND CONCLUSION
The wide spread of both innovative devices and engaging
apps has set higher standards for customer expectations in the
banking field. Developing new seamlessly integrated intel-
ligent services is mandatory for the banks to cuddle their
customers and control the churn rate.

For this reason, in this paper we have discussed the plan-
ning and execution of a systematic mapping study about the
role of technology in improving the CX in the banking sector.
We have taken a snapshot of what the research community
has proposed in the field in the last 10 years, by submitting
7 queries to 4 authoritative scientific databases. Starting from
the 6,756 results, we have applied a set of inclusion and

exclusion criteria, mainly consisting in selecting empirical
papers written in English and published on journals. From the
110 results satisfying the criteria, we identified the 89 primary
studies after the removal of duplicates and impurities. So we
tried to answer 4 research questions involving the demo-
graphics, the principal technologies, the publication trends of
the PS, and finally the derived research challenges. To help
answer such questions, we defined a custom classification
taxonomy which considered 8 main kinds of application of
the technology impacting the bank-customer relation. More-
over, we used various kinds of classifications as well as the
VOSviewer software. At the end we selected and presented
the top 20% papers (in terms of citations, recentness and
journals’ scores), until we identified the final 3 most inspiring
papers.

A. CONTRIBUTION TO THE STATE OF THE ART
To summarize the main results of this mapping study, we state
that:
• We registered a significative boost in the quantity of
works in the field starting from 2018. Top country in
terms of number of papers is India, with a focal point
in Chennai city. Top countries in terms of quality are
USA, Switzerland and Australia. IEEE Access is the top
journal.

• There’s no prolific author in the field, as most of the
authors wrote just 1 paper in this topic, 2 in some very
rare cases. This is a sign that the research commu-
nity publishes papers in this topic like they were some
byproducts of other research efforts. Nevertheless, the
banking industry is facing vital challenges that deserve
a systematic help from the research.

• Top technologies both in terms of number of appli-
cations and recentness of works are IoT, AI and
blockchain. Top applications are related to the ATM,
particularly the use of biometric technologies. Authen-
tication and authorization appear as top use cases.

Comparing with existing mapping studies in the banking
fields, the exposed results are new and relevant. As said in
the state of the art section, only 3 technological reviews in
the banking sector exist. [15] and [16] are two mapping stud-
ies collecting the use of data mining and machine learning
techniques for two different purposes. The first looks at the
implementations of such technologies for bank customers
segmentation. The second looks at the implementations of
machine learning techniques for fraud detection in financial
statements. [17] is a bibliometric and visual study providing
an insight in the FinTech field from 1900 to 2020. Our work
differs from [15] and [16] because they are strictly focused on
very specific technologies. [17] is very general as it includes
every kind of publications (articles, proceedings papers, book
chapters, reviews, etc.) in the broad topic of FinTech, with
no limitations to the application of technology in frontend or
backend processes and services.

With regards to the top 3 most inspiring papers (PS15,
PS16, PS84), we selected them basing on the needs incoming
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from the banking industries, framing them in the literature
to show that these are real challenges that should be faced.
Such papers are the only ones in this study treating their
respective arguments, hence tracing 3 research lines that
deserve particular attention for the future. The first is the
defining of models and techniques that will allow self-service
unattended branches to run autonomously while delivering
highly humanized experiences. The second is about the use
of web3 and metaverse technologies to deliver immersive and
highly humanized experiences in uncertain times. The third
is the creation of a cash-like p2p payment system that will
ensure privacy and anonymity in digital payments.

Beside the research area, other actors can take benefits
from this work, particularly Fintech startups, financial insti-
tutions and Government related bodies like regulatory insti-
tutions or national banks, and customers themselves:
• Fintech startups can use this paper as a catalogue of
innovations and figure out which technologies could
reach the market in the next 10 years and anticipate
market needs and changes. Digitally enabled financial
innovation exploits emerging technologies that have the
potential to disrupt the financial services industry [45].
Fintech startups (e.g., payment, wealth management,
lending, crowdfunding, capital market, and insurance
fintech companies) are based on new technologies, and
it is challenging to integrate the fintech applications
with existing legacy systems [46]. A map of models and
experiences like this work can be helpful for them to face
this challenge.
• Financial institutions now have a tool to assess the value
proposition of Fintech startups. Since Fintech is a recent
development, there is still a scarcity of studies on the
social, regulatory, technological, and managerial aspects
of Fintech. This makes it very challenging for finan-
cial institutions like banks to make informed decisions
regarding the investment in Fintech projects [47]. This
study can serve as a tool to frame the value proposition
of Fintech companies within the current innovation land-
scape and future trends.
• Government related bodies have a useful map of the
technical evolution of banking technologies, so they can
better understand their reliability and riskiness before
legislating. The arise of innovation facilitators like reg-
ulatory sandboxes [48] is also related to this need,
because they provide a dynamic, evidence-based regula-
tory environment to learn from, and evolve with emerg-
ing technologies [49]. Another innovation facilitator is
represented by innovation hubs, like Bank of Italy’s
MilanoHub [50]. They allow regulators to better under-
stand the Fintech market and build capacity to support
subsequent regulatory reform. Like these initiatives, our
study allows the policymaker to understand and identify
trends before embarking on a more resource intensive
approach towards Fintech.
• Finally, bank customers can take advantage of the higher
technical awareness gained by their banks. Indeed,

if banks are aware that UX is a key purchasing criterion
for end users, then they are motivated to push innova-
tions on the market and hence to provide state of the art,
more compelling and customized services. Accessing
digital services in banking can be cumbersome for some
users, because of the compliance with strict security
and privacy guidelines. Technology can help mitigat-
ing the negative impact of such regulations on UX.
For example, customers could appreciate a simplified
journey in online purchases if the Strong Customers
Authentication (SCA) would be exempted by means of
a customized Transaction Risk Analysis tool [51], [52].
Also, a habit-based behavioral continuous authentica-
tion layer in the smart city could allow to access physical
banking services without the friction of the authenti-
cation process [53]. More generally, a more consistent
multi-channel UX could make customers more satis-
fied and hence generate a positive impact on customer
loyalty [54], [55].

B. LIMITATIONS AND FUTURE RESEARCH DIRECTIONS
Being made from humans, this research effort is not exempt
from limitations. We can identify the following threats to
validity in this work:
• Considering only the top 200 papers in queries with hun-
dreds or thousands of results. In fact, 7 out of 28 query
executions gave more than 200 results. This limit was
imposed in order to grant the feasibility of the study.
Nevertheless, while scanning the results list from the
top to the 200th position, we noticed a graceful degra-
dation in the coherence of the results with respect to the
submitted query. This is due to the intelligence behind
the search engines in the scientific databases. We do not
think that this limit significantly impacts the validity of
this work.

• We did not perform snowballing, that is we did not
consider the references of the selected PS as candidates
to enter the PS list. This was not done for the same reason
explained in the previous point. In this case, we think
that snowballing could have brought more interesting
results. While this mapping study remain as it is, we will
perform a careful scan of the citations in the top PS in
order to better direct future research efforts.

• While this work started in January 2022, hence ini-
tially considering papers in the decade 2011-2021, the
time passed fast due to the huge amount of work, and
new research works popped up in scientific databases.
Anyway, we didn’t want to miss the most recent and
interesting articles, so we took them in consideration as
well. So the 2022 year is not statistically complete as this
article has been written in June 2022.

Finally, other potential researchers can use this mapping
study as a starting point to advance the field, allowing it to
be more effective and fitting in the frame of the state of the
art. For example, researchers can work on modeling highly
humanized self-service branches by using a combination of

118038 VOLUME 10, 2022



R. Vergallo, L. Mainetti: Role of Technology in Improving the CX in the Banking Sector: A Systematic Mapping Study

AI, IoT and Natural Language Processing (NLP) techniques
to deliver high quality physical banking experiences. It could
also be interesting to create a catalogue of use cases that can
be delivered in multi-channel (e.g. physically in the branch
but also via the metaverse) though a set of APIs that could
be called ‘‘open branching’’. Finally, the definition of a new
payment scheme are needed to exchange digital money com-
pletely offline (so, ensuring privacy and anonymity), over-
coming the double spending problem in a sustainable and
energy efficient way.

REFERENCES
[1] R. Jain and S. Bagdare, ‘‘Determinants of customer experience in new

format retail stores,’’ J. Marketing Commun., vol. 5, no. 2, pp. 34–44, 2009.
[2] R. Jain, J. Aagja, and S. Bagdare, ‘‘Customer experience—A review and

research agenda,’’ J. Service Theory Pract., vol. 27, no. 3, pp. 642–662,
2017, doi: 10.1108/JSTP-03-2015-0064.

[3] M. Moro, E. Luciano, J. González-Casallo, and S. Rodríguez, ‘‘The tech-
nical aplication of CRM in the retail sector during times of recession: The
case of Spain,’’ in Soft Computing inManagement and Business Economics
(Studies in Fuzziness and Soft Computing), vol. 286. Cham, Switzerland:
Springer, 2012, pp. 285–295, doi: 10.1007/978-3-642-30457-6_18.

[4] (Jul. 2022). Customer Experience | Explore | Google Trends.
[Online]. Available: https://trends.google.com/trends/explore?date=all&
q=customer%20experience

[5] I. Ryder, ‘‘Customer experience,’’ J. Brand Manage., vol. 15, no. 2,
pp. 85–88, Nov. 2007, doi: 10.1057/palgrave.bm.2550127.

[6] A. L. Ostrom, J.M. Field, D. Fotheringham,M. Subramony, A. Gustafsson,
K. N. Lemon, M.-H. Huang, and J. R. McColl-Kennedy, ‘‘Service research
priorities: Managing and delivering service in turbulent times,’’ J. Service
Res., vol. 24, no. 3, pp. 329–353, Aug. 2021.

[7] A. De Keyser, K. Verleye, K. N. Lemon, T. L. Keiningham, and P. Klaus,
‘‘Moving the customer experience field forward: Introducing the touch-
points, context, qualities (TCQ) nomenclature,’’ J. Service Res., vol. 23,
no. 4, pp. 433–455, Nov. 2020.

[8] J. R. McColl-Kennedy, M. Zaki, K. N. Lemon, F. Urmetzer, and
A. Neely, ‘‘Gaining customer experience insights that matter,’’ J. Service
Res., vol. 22, no. 1, pp. 8–26, Feb. 2019.

[9] K. Petersen, R. Feldt, S. Mujtaba, and M. Mattsson, ‘‘Systematic mapping
studies in software engineering,’’ in Proc. 12th Int. Conf. Eval. Assessment
Softw. Eng., vol. 17, Jun. 2008, pp. 1–10.

[10] H. Sofian, N.A.M.Yunus, andR.Ahmad, ‘‘Systematicmapping: Artificial
intelligence techniques in software engineering,’’ IEEE Access, vol. 10,
pp. 51021–51040, 2022.

[11] E. Ferko, A. Bucaioni, andM. Behnam, ‘‘Architecting digital twins,’’ IEEE
Access, vol. 10, pp. 50335–50350, 2022.

[12] P. Sindhu and K. Bharti, ‘‘Mapping customer experience: A taxonomical
study using bibliometric visualization,’’ VINE J. Inf. Knowl. Manage. Syst.,
vol. 51, no. 4, pp. 592–617, Jul. 2021.

[13] A. Moretta Tartaglione, Y. Cavacece, G. Russo, and G. Granata,
‘‘A systematic mapping study on customer loyalty and brand manage-
ment,’’ Administ. Sci., vol. 9, no. 1, p. 8, Jan. 2019.

[14] I. B. Castro, C. Rusu, and S. Aciar, ‘‘Customer eXperience in e-learning: A
systematic mapping study,’’ in Proc. Int. Conf. Human-Comput. Interact.
Cham, Switzerland: Springer, Jul. 2020, pp. 158–170.

[15] M.Monge, C. Quesada-López, A.Martínez, andM. Jenkins, ‘‘Data mining
and machine learning techniques for bank customers segmentation: A sys-
tematicmapping study,’’ inProc. SAI Intell. Syst. Conf.Cham, Switzerland:
Springer, Sep. 2020, pp. 666–684.

[16] A. Ramírez-Alpízar, M. Jenkins, A. Martínez, and C. Quesada-López,
‘‘Use of datamining andmachine learning techniques for fraud detection in
financial statements: A systematic mapping study,’’ in [Uso de Técnicas de
Minería de Datos y Aprendizaje Automático Para la Detección de Fraudes
en Estados Financieros: Un Mapeo Sistemático de Literatura]. Revista
Ibérica De Sistemas e Tecnologias De Informação. Portugal: Associacao
Iberica de Sistemas e Tecnologias de Informacao, 2020, pp. 97–109.

[17] B. Li and Z. Xu, ‘‘Insights into financial technology (FinTech): A bib-
liometric and visual study,’’ Financial Innov., vol. 7, no. 1, pp. 1–28,
Dec. 2021.

[18] C. Chen, ‘‘CiteSpace II: Detecting and visualizing emerging trends and
transient patterns in scientific literature,’’ J. Amer. Soc. Inf. Sci. Technol.,
vol. 57, no. 3, pp. 359–377, Feb. 2006.

[19] K. Stopar and T. Bartol, ‘‘Digital competences, computer skills and
information literacy in secondary education: Mapping and visualization
of trends and concepts,’’ Scientometrics, vol. 118, no. 2, pp. 479–498,
Feb. 2019.

[20] N. J. van Eck and L. Waltman, ‘‘Software survey: VOSviewer, a com-
puter program for bibliometric mapping,’’ Scientometrics, vol. 84, no. 2,
pp. 523–538, Aug. 2010.

[21] M. A. D. Luz and K. Farias, ‘‘The use of blockchain in financial area:
A systematic mapping study,’’ in Proc. XVI Brazilian Symp. Inf. Syst.,
Nov. 2020, pp. 1–8.

[22] M. Galardo, I. Garrì, P. E. Mistrulli, and D. Revelli, ‘‘The geography of
banking: Evidence from branch closings,’’ Econ. Notes, vol. 50, no. 1,
Feb. 2021, p. e12177.

[23] H.-L.-Q. Nguyen, ‘‘Are credit markets still local? Evidence from bank
branch closings,’’ Amer. Econ. Journal: Appl. Econ., vol. 11, no. 1,
pp. 1–32, Jan. 2019.

[24] M. Nagano and T. Ushijima, ‘‘What drives interregional bank branch clo-
sure? The case of Japan’s regional banks in the post-deregulation period,’’
Int. Rev. Finance, vol. 18, no. 4, pp. 595–635, 2018.

[25] Banca d’Italia- Statistiche.Mar. 31, 2021.Banche e Istituzioni Finanziarie:
Articolazione Territoriale. Accessed: Jul. 2022. [Online]. Available:
https://www.bancaditalia.it/pubblicazioni/banche-istfin/2021-banche-
istfin/statistiche_STAATER_20210331.pdf

[26] K. J. Ketola, ‘‘To close or not to close? The impact of closing branches,’’
Ph.D. dissertation, College St. Scholastica, Duluth, MN, USA, 2014.

[27] J. L. Morris and P. Simoff, ‘‘Time to close underperforming branches?’’
Amer. Bankers Assoc. ABA Banking J., vol. 105, no. 1, p. 14, 2013.

[28] The Times. Is This the Future of Banking? Welcome to the Branch
Where You do it All Yourself. Accessed: Jul. 2022. [Online]. Available:
https://www.thetimes.co.uk/article/is-this-the-future-of-banking-
welcome-to-the-branch-where-you-do-it-all-yourself-vwtwnmcxm

[29] Z. Chen and T. Friedline, ‘‘Make the invisible underbanked visible: Who
are the underbanked?’’ J. Financial Counseling Planning, vol. 33, no. 2,
pp. 160–170, Jun. 2022.

[30] D. A. R. Farrag,W. H.Murphy, andM. Hassan, ‘‘Influence of category atti-
tudes on the relationship between SERVQUAL and satisfaction in Islamic
banks; the role of disruptive societal-level events,’’ J. Islamic Marketing,
vol. 13, no. 4, pp. 843–867, Mar. 2022.

[31] S. Das, ‘‘Innovations in digital banking service brand equity and millennial
consumerism,’’ in Digital Transformation and Innovative Services for
Business and Learning. Hershey, PA, USA: IGI Global, 2020, pp. 62–79.

[32] G. Biot-Paquerot, D. Assadi, and A. Ashta, ‘‘Value creation of Fintechs
in the banking and financial services offer: Between deshumanisation and
rehumanisation,’’ Innovations, vol. 64, no. 1, pp. 209–235, 2020.

[33] D. Kaye. (2017). Mandate of the Special Rapporteur on the Promotion
and Protection of the Right to Freedom of Opinion and Expression
(No. OL DEU 1/2017). Genebra: Office of the High Commissioner for
Human Rights, United Nations. Accessed: Jul. 2022. [Online]. Available:
https://www.ohchr.org/Documents/Issues/Opinion/Legislation/OL-DEU-
1-2017

[34] E. Roosevelt, ‘‘Universal declaration of human rights,’’UNGen. Assembly,
vol. 302, no. 2, pp. 14–25, 1948.

[35] L. Baruh, E. Secinti, and Z. Cemalcilar, ‘‘Online privacy concerns and
privacy management: A meta-analytical review,’’ J. Commun., vol. 67,
no. 1, pp. 26–53, 2017.

[36] G. El Haddad, E. Aimeur, and H. Hage, ‘‘Understanding trust, privacy and
financial fears in online payment,’’ in Proc. 17th IEEE Int. Conf. Trust,
Secur. Privacy Comput. Commun./12th IEEE Int. Conf. Big Data Sci. Eng.
(TrustCom/BigDataSE), Aug. 2018, pp. 28–36.

[37] C. M. Kahn, ‘‘Payment systems and privacy,’’ Federal Reserve Bank,
St. Louis, MO, USA, Tech. Rep., 2018, vol. 100, no. 4, pp. 337–344.

[38] M. Moser, R. Bohme, and D. Breuker, ‘‘An inquiry into money laundering
tools in the bitcoin ecosystem,’’ in Proc. APWG eCrime Researchers
Summit, Sep. 2013, pp. 1–14.

[39] Y. Zhou, D. Kumar, S. Bakshi, J. Mason, A. Miller, and M. Bailey, ‘‘Erays:
Reverse engineering ethereum’s opaque smart contracts,’’ in Proc. 27th
USENIX Secur. Symp. (USENIX Secur.), 2018, pp. 1371–1385.

[40] M. L. Bech, U. Faruqui, F. Ougaard, and C. Picillo, ‘‘Payments are
a-changin’but cash still rules,’’ BIS Quart. Rev., pp. 67–80, Mar. 2018.

[41] H. Armelius, C. A. Claussen, and I. Hull, ‘‘On the possibility of a cash-like
CBDC,’’ in Sveriges Riksbank Staff Memo. Sweden: Sveriges Riksbank,
2021.

VOLUME 10, 2022 118039

http://dx.doi.org/10.1108/JSTP-03-2015-0064
http://dx.doi.org/10.1007/978-3-642-30457-6_18
http://dx.doi.org/10.1057/palgrave.bm.2550127


R. Vergallo, L. Mainetti: Role of Technology in Improving the CX in the Banking Sector: A Systematic Mapping Study

[42] D. Taylor, ‘‘An analysis of bitcoin and the proof of work protocols energy
consumption, growth, impact and sustainability,’’ Dept. Mech. Aerosp.
Eng., Aug. 2018.

[43] M. Platt, J. Sedlmeir, D. Platt, J. Xu, P. Tasca, N. Vadgama, and J. I. Ibanez,
‘‘The energy footprint of blockchain consensusmechanisms beyond Proof-
of-Work,’’ in Proc. IEEE 21st Int. Conf. Softw. Qual., Rel. Secur. Compan-
ion (QRS-C), Dec. 2021, pp. 1135–1144.

[44] European Central Bank. Report on a Digital Euro. Accessed:
Jul. 2022. [Online]. Available: https://www.ecb.europa.eu/pub/
pdf/other/Report_on_a_digital_euro~4d7268b458.en.pdf

[45] Financial Stability Board. Financial Stability Implications from
FinTech - Supervisory and Regulatory Issues that Merit
Authorities’ Attention. Accessed: Jun. 2017. [Online]. Available:
https://www.fsb.org/wp-content/uploads/R270617.pdf

[46] International Organization of Securities Commission. (2017).
IOSCO Research Report on Financial Technologies (Fintech).
Accessed: Jun. 12, 2017. [Online]. Available: http://www.iosco.org/
library/pubdocs/pdf/IOSCOPD554.pdf

[47] I. Lee and Y. J. Shin, ‘‘Fintech: Ecosystem, business models, investment
decisions, and challenges,’’ Bus. Horizons, vol. 61, no. 1, pp. 35–46,
Jan. 2018.

[48] H. J. Allen, ‘‘Regulatory sandboxes,’’ George Washington Law Rev.,
vol. 87, p. 579, Jan. 2019.

[49] HowRegulators Respond to Fintech: Evaluating the Different Approaches-
Sandboxes and Beyond, World Bank, Washington, DC, USA, 2020.

[50] Bank of Italy–Milano Hub. Milano Hub. Accessed: Jul. 2022.
[Online]. Available: https://www.bancaditalia.it/focus/milano-
hub/index.html?com.dotmarketing.htmlpage.language=1

[51] C. Distante, L. Fineo, L. Mainetti, L. Manco, B. Taccardi, and R. Vergallo,
‘‘HF-SCA:Hands-free strong customer authentication based on amemory-
guided attention mechanisms,’’ J. Risk Financial Manag., vol. 15, no. 8,
p. 342, 2022.

[52] EU. (2016). Directive (EU) 2015/2366 of the European Parliament and
of the Council of 25 November 2015 on Payment Services in the Inter-
nal Market. Accessed: Oct. 5, 2022. [Online]. Available: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32015L2366

[53] L. Mainetti, P. Panarese, and R. Vergallo, ‘‘WoX+: A meta-model-driven
approach to mine user habits and provide continuous authentication in the
smart city,’’ Sensors, vol. 22, no. 18, p. 6980, Sep. 2022.

[54] I. Brun, L. Rajaobelina, L. Ricard, andB. Berthiaume, ‘‘Impact of customer
experience on loyalty: A multichannel examination,’’ Service Industries J.,
vol. 37, nos. 5–6, pp. 317–340, Apr. 2017.

[55] M. Ieva and C. Ziliani, ‘‘The interplay between customer experience and
customer loyalty: Which touchpoints matter,’’ in Proc. 20th Excellence
Services Int. Conf., 2017, pp. 347–356.

PRIMARY STUDIES
[PS1] Mason, M. C., Massara, F., & Raggiotto, F. (2022). An analysis of the

relationships between human, technological and physical factors in the
retail banking sector. Italian Journal of Marketing, 2022(2), 249-266.

[PS2] Li, B., Chen, R. S., & Wang, H. C. (2021). Using intelligent prediction
machine and dynamic workflow for banking customer satisfaction in
IoT environment. Journal of Ambient Intelligence and Humanized
Computing, 1-10.

[PS3] Das, I., Singh, S., Gupta, S., Banerjee, A., Mohiuddin, M. G., & Tiwary,
S. (2019). Design and implementation of secure ATM system using
machine learning and crypto–stegomethodology. SNApplied Sciences,
1(9), 1-14.

[PS4] Srivastava, A. K., Tripathi, V., Pant, B., Singh, D. P., & Trivedi, M. C.
(2022). Automatic and multimodal nuisance activity detection inside
ATM cabins in real time. Multimedia Tools and Applications, 1-20.

[PS5] Gavaskar, K., Ragupathy, U. S., Elango, S., Ramyadevi, M., & Preethi,
S. (2022). A novel design and implementation of IoT based real-time
ATM surveillance and security system. Advances in Computational
Intelligence, 2(1), 1-14.

[PS6] Sikandar, T., Samsudin, W. N. A. W., Rabbi, M. F., & Ghazali, K. H.
(2020). An efficient method for detecting covered face scenarios in
ATM surveillance camera. SN Computer Science, 1(3), 1-11.

[PS7] González-Carrasco, I., Jiménez-Márquez, J. L., López-Cuadrado, J.
L., & Ruiz-Mezcua, B. (2019). Automatic detection of relationships
between banking operations using machine learning. Information Sci-
ences, 485, 319-346.

[PS8] Margulis, A., Levesque, N., & Boeck, H. (2019). Proximity marketing
in banking: lessons from retail and entertainment industries. Interna-
tional Journal of Technology Marketing, 13(3-4), 401-427.

[PS9] Li, Q., Li, T., Xia, B., Ni, M., Liu, X., Zhou, Q., &Qi, Y. (2016). FIRST:
F ace I dentity R ecognition in S mar T Bank. International Journal of
Semantic Computing, 10(04), 569-591.

[PS10] Amelia, A., Mathies, C., & Patterson, P. G. (2021). Customer accep-
tance of frontline service robots in retail banking: A qualitative
approach. Journal of Service Management.

[PS11] Biswas,M., Choksi, N., Oza, P., &Agrawal, S. (2021). Enhanced secure
ATM authentication using NFC technology and iris verification.

[PS12] Thilagaraj, M., Swetha, N. N., Pugazhendhi, R., & Rahul, R. (2020).
Finger vein based bank security system. International Journal of Con-
trol and Automation, 13(3), 01-08.

[PS13] Kwakkel, E., & De Wolff, V. (2022). Geldmaat: An example of ATM
pooling in the Netherlands. Journal of Payments Strategy & Systems,
16(1), 75-85.

[PS14] Kathari Santosh (2019). Phygital Banking – A Game Changer In
Indian Banking Sector. International Journal of Innovative Tech-
nology and Exploring Engineering (IJITEE), Volume-8 Issue-9,
289-292

[PS15] Kang, Y. S., & Chang, Y. J. (2020). Using an augmented reality game
to teach three junior high school students with intellectual disabilities
to improve ATM use. Journal of Applied Research in Intellectual Dis-
abilities, 33(3), 409-419.

[PS16] Nüesch, R., Alt, R., & Puschmann, T. (2015). Hybrid customer
interaction. Business & Information Systems Engineering, 57(1),
73-78.

[PS17] Zhang, Y., Hu, W., Xu, W., Chou, C. T., & Hu, J. (2018). Continuous
authentication using eye movement response of implicit visual stimuli.
Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiqui-
tous Technologies, 1(4), 1-22.

[PS18] Ahamad, S. S. (2021). A Novel NFC-Based Secure Protocol for Mer-
chant Transactions. IEEE Access, 10, 1905-1920.

[PS19] Ahamad, S. S. (2021). A Novel NFC-Based Secure Protocol for Mer-
chant Transactions. IEEE Access, 10, 1905-1920.

[PS20] Sun, Q., Tang, T., Chai, H., Wu, J., & Chen, Y. (2021). Boosting Fraud
Detection inMobile Payment with Prior Knowledge. Applied Sciences,
11(10), 4347.

[PS21] Dobbie, S. (2020). Challenge of biometric security for banks. Biometric
Technology Today, 2020(3), 5-7.

[PS22] Szczuko, P., Czyżewski, A., Hoffmann, P., Bratoszewski, P., & Lech,M.
(2019). Validating data acquired with experimental multimodal biomet-
ric system installed in bank branches. Journal of Intelligent Information
Systems, 52(1), 1-31.

[PS23] Hayashi, V., & Ruggiero, W. (2020). Non-invasive challenge response
authentication for voice transactions with smart home behavior. Sen-
sors, 20(22), 6563.

[PS24] Denis, L., Krishnakumar, T., Karthikeyan, M., Sasipriya, S, (2020).
IOT based architecture for banking cash logistics and ATM operations
with sensors based networks. International Journal of Scientific and
Technology Research, 9(2), 2071-2076.

[PS25] Ekiz, D., Can, Y. S., Dardagan, Y. C., & Ersoy, C. (2020). Can a
smartband be used for continuous implicit authentication in real life.
IEEE Access, 8, 59402-59411.

[PS26] Chabbi, S., Boudour, R., Semchedine, F., & Chefrour, D. (2020).
Dynamic array PIN: A novel approach to secure NFC electronic pay-
ment between ATM and smartphone. Information Security Journal: A
Global Perspective, 29(6), 327-340.

[PS27] Arumugam, S., Vinoth, N, Prabakar, K., & Ashok, K. A.. (2020).
Human Finger Vein Extraction and Authentication for ATM System.
International Journal of Advanced Science and Technology, 29(3),
8592 - 8601.

[PS28] Kalpana, G., Kaushik, R., Sridher, A., & Dhamotharan, K. (2020).
Securing atm transactions through facial recognition using principal
component analysis. International Journal of Advanced Science and
Technology, 29 (4), 1947 – 1951

[PS29] Vidhya, K., & Kasiselvanathan, M.. (2018). Biometrics based next gen-
eration ATM system using raspberry Pi. Journal of Advanced Research
in Dynamical and Control Systems. 10. 220-223.

[PS30] Padhmavathi, B., Kumar, Palanichamy, & Khan, S.. (2016). An
enhanced securedATM system. International Journal of Control Theory
and Applications. 9. 551-563.

118040 VOLUME 10, 2022



R. Vergallo, L. Mainetti: Role of Technology in Improving the CX in the Banking Sector: A Systematic Mapping Study

[PS31] Lavanya, K., Reddy, B. N. K., Raju, C. N., & Sridhar, K. (2014).
Framework for enhancing level of security to the ATM customers with
DCT based palm print recognition. International Journal of Applied
Engineering Research, 9(19), 5345-5351.

[PS32] Khanaa, V., & Mohanta, K. (2013). ATM Terminal Design using Bio-
logical Technology. Indian Journal of Science and Technology, 1-4.

[PS33] Peevers, G., Williams, R., Douglas, G., & Jack, M. A. (2013). Usability
study of fingerprint and palmvein biometric technologies at the ATM.
International Journal of Technology and Human Interaction (IJTHI),
9(1), 78-95.

[PS34] Soni, N. (2012). ATM security by using fingerprint recognition. Inter-
national Journal of Applied Engineering Research, 7(11), 1827-1830.

[PS35] Shanthini, B., & Swamynathan, S. (2013). Privacy-protected Multi-
modal Biometric-based Group Authentication Scheme for ATM. Infor-
mation Technology Journal, 12(2), 297.

[PS36] Kumaresan, R., Senthilkumar, S., & Karthick, C. (2015). Biometric
high secure and cost effective finger vein authentication system for
ATM. ARPN Journal of Engineering and Applied Sciences, 10(22),
10634-10639.

[PS37] Telagam, N. & Panda, S. & kk, Nehru & Nanjundan, Menakadevi.
(2019). Smart Sensor Network Based Atm Management System using
Lab view. 8. 2434-2444.

[PS38] Guerar, M., Benmohammed, M., & Alimi, V. (2016). Color wheel
pin: Usable and resilient ATM authentication. Journal of High Speed
Networks, 22(3), 231-240.

[PS39] Kumaresan, R., Senthilkumar, S., & Karthick, C. (2015). High secure
finger vein authentication system for ATM. Research Journal Of Phar-
maceutical Biological And Chemical Sciences, 6(6), 769-776.

[PS40] Pal, D., Arpnikanondt, C., & Razzaque, M. A. (2020). Personal infor-
mation disclosure via voice assistants: the personalization–privacy
paradox. SN Computer Science, 1(5), 1-17.

[PS41] Hildebrand, C., & Bergner, A. (2021). Conversational robo advisors as
surrogates of trust: onboarding experience, firm perception, and con-
sumer financial decision making. Journal of the Academy of Marketing
Science, 49(4), 659-676.

[PS42] Jeyaprabha B., & Sundar, C. (2019). Service development by using
servqual and quality function deployment in private banking industry.
International Journal of Recent Technology and Engineering (IJRTE).
Volume-8 Issue-1C2, 22-28.

[PS43] Kazuhiko, Y. & Tomomi, Ota & Takashi, M. & Naotaka, H. & Shigeki,
F. & Masaharu, H.. (2011). Innovative ATM development pursues
usability and environmental performance from the viewpoint of the
customer. 6. 45-50.

[PS44] Sagar, B. B., Singh, G., & Saket, R. K. (2011). Design concept and
network reliability evaluation of ATM system. International Journal of
Computer Aided Engineering and Technology, 3(1), 53-76.

[PS45] Ravendran, R., MacColl, I., & Docherty, M. (2012). Usability evalua-
tion of a tag-based interface. Journal of usability Studies, 7(4), 143-160.

[PS46] Medhi, I., Patnaik, S., Brunskill, E., Gautama, S. N., Thies, W., &
Toyama, K. (2011). Designing mobile interfaces for novice and low-
literacy users. ACM Transactions on Computer-Human Interaction
(TOCHI), 18(1), 1-28.

[PS47] Dolata, M., Agotai, D., Schubiger, S., & Schwabe, G. (2019). Pen-and-
paper rituals in service interaction: Combining high-touch and high-
tech in financial advisory encounters. Proceedings of the ACM on
Human-Computer Interaction, 3(CSCW), 1-24.

[PS48] Behera, R. K., Bala, P. K., & Ray, A. (2021). Cognitive Chatbot for
personalised contextual customer service: Behind the scene and beyond
the hype. Information Systems Frontiers, 1-21.

[PS49] Lin, P. C., Yankson, B., Chauhan, V., & Tsukada, M. (2022). Building
a speech recognition system with privacy identification information
based on Google Voice for social robots. The Journal of Supercomput-
ing, 1-29.

[PS50] Sainath Malisetty, A. R. (2018). Next Generation e-Banking through
Mobile Messengers. Indian Journal of Public Health, 9(2).

[PS51] Okuda, T., & Shoda, S. (2018). AI-based chatbot service for financial
industry. Fujitsu Scientific and Technical Journal, 54(2), 4-8.

[PS52] Liu, B., & Zhao, Q. (2022). Implementation of Financial Audited Robot
Question and Answer Technology of Feature Processing and Improved
Bi-LSTM. Scientific Programming, 2022.

[PS53] Kumar, S., Miller, E. G., Mende, M., & Scott, M. L. (2022). Language
matters: humanizing service robots through the use of language during
the COVID-19 pandemic. Marketing letters, 1-17.

[PS54] Doherty, D., & Curran, K. (2019, January). Chatbots for online banking
services. In Web Intelligence (Vol. 17, No. 4, pp. 327-342). IOS Press.

[PS55] Smallman, M. (2017). Why voice is getting stronger in financial ser-
vices. Biometric Technology Today, 2017(1), 5-7.

[PS56] Ahluwalia, R. (2016). Banking’s biometric future. Biometric Technol-
ogy Today, 2016(10), 7-9.

[PS57] Yuniati, D., & Jayadi, X. (2021). Analysis and design of voice assistant
for Indonesian banking transaction. Journal of Theoretical and Applied
Information Technology. Volume 99, Issue 21, 4808 – 4823.

[PS58] Hayashi, V. T., & Ruggiero, W. V. (2022). Hands-Free Authentication
for Virtual Assistants with Trusted IoT Device and Machine Learning.
Sensors, 22(4), 1325.

[PS59] Gunson, N., Marshall, D., McInnes, F., & Jack, M. (2011). Usabil-
ity evaluation of voiceprint authentication in automated telephone
banking: Sentences versus digits. Interacting with Computers, 23(1),
57-69.

[PS60] Al-Saleh, K., & Bendak, S. (2013). An ergonomics evaluation of cer-
tain ATM dimensions. International journal of occupational safety and
ergonomics, 19(3), 347-353.

[PS61] Sasirekha, K., Nivetha, M., Indumathi, A., & Renukadevi, D. (2016).
Atm Machine For Blind People. International Journal of Chemical
Sciences, 14, 911-916.

[PS62] Magdum, D., Patil, T., Suman, M., & Patil, T. M. (2018). Designing
Talking ATMSystem for People with Visual Impairments. International
Journal of Engineering & Technology, 7(2.7), 657-660.

[PS63] Ahmed, S., & Senthil, K. (2018). Interaction with ATM for Blind.
Indonesian Journal of Electrical Engineering and Computer Science,
9(3), 549-551.

[PS64] Kumar, S. P., & Shanmugasundaram, N. (2018). Pin number theft
recognition and cash transaction using sixth sense technology in
ATM/CDM. International Journal of Engineering and Technology, 7(2),
178-180.

[PS65] Sifat, S. S., & Sabbir, A. S. (2015). Virtual ATM: A Low Cost Secured
Alternative to Conventional Mobile Banking. International Journal of
Interactive Mobile Technologies, 9(2).

[PS66] Barros Pena, B., Kursar, B., Clarke, R. E., Alpin, K., Holkar, M.,
& Vines, J. (2021).‘‘Pick Someone Who Can Kick Your Ass’’-
Moneywork in Financial Third Party Access. Proceedings of the ACM
on Human-Computer Interaction, 4(CSCW3), 1-28.

[PS67] Umuhoza, E., Ntirushwamaboko, D., Awuah, J., & Birir, B. (2020).
Using unsupervised machine learning techniques for behavioral-based
credit card users segmentation in africa. SAIEE Africa Research Jour-
nal, 111(3), 95-101.

[PS68] Xue, J., Zhu, E., Liu, Q., & Yin, J. (2018). Group recommendation
based on financial social network for robo-advisor. IEEE Access, 6,
54527-54535.

[PS69] Zhou, H., Sun, G., Fu, S., Liu, J., Zhou, X., & Zhou, J. (2019). A big
data mining approach of PSO-based BP neural network for financial
risk management with IoT. IEEE Access, 7, 154035-154043.

[PS70] Mohapatra, S. (2021). Human and computer interaction in information
system design for managing business. Information Systems and e-
Business Management, 19(1), 1-11.

[PS71] Rakhman, R., Widiastuti, R., Legowo, N., & Kaburuan, E. M.
(2019). Big data analytics implementation in banking industry–
Case study cross selling activity in Indonesia’s Commercial bank.
International Journal of Scientific & Technology Research, 8(9),
1632-1643.

[PS72] Dashottar, S., & Srivastava, V. (2021). Corporate banking—risk man-
agement, regulatory and reporting framework in India: A Blockchain
application-based approach. Journal of Banking Regulation, 22(1), 39-
51.

[PS73] Parra Moyano, J., & Ross, O. (2017). KYC optimization using dis-
tributed ledger technology. Business & Information Systems Engineer-
ing, 59(6), 411-423.

[PS74] Liu, X., Yuan, X., Zhang, R., & Ye, N. (2022). Risk Assessment and
Regulation Algorithm for Financial Technology Platforms in Smart
City. Computational Intelligence and Neuroscience, 2022.

[PS75] Kobets, V., Mazur, A., Zubrii, M., & Yatsenko, V. (2020). Data anal-
ysis of personalized investment decision making using robo-advisers.
Science and Innovation, 16(2), 80-93.

[PS76] Lee, S. (2021). Determining Personal Credit Rating through Voice
Analysis: Case of P2P Loan Borrowers. KSII Transactions on Internet
and Information Systems (TIIS), 15(10), 3627-3641.

VOLUME 10, 2022 118041



R. Vergallo, L. Mainetti: Role of Technology in Improving the CX in the Banking Sector: A Systematic Mapping Study

[PS77] Hernandez-Nieves, E., Hernández, G., Gil-Gonzalez, A. B., Rodríguez-
González, S., & Corchado, J. M. (2021). CEBRA: A CasE-Based
Reasoning Application to recommend banking products. Engineering
Applications of Artificial Intelligence, 104, 104327.

[PS78] Hernández-Nieves, E., Hernández, G., Gil-González, A. B., Rodríguez-
González, S., & Corchado, J. M. (2020). Fog computing architecture
for personalized recommendation of banking products. Expert Systems
with Applications, 140, 112900.

[PS79] Chongwatpol, J. (2018). Credit Card Applications Pending–Who are
Our Best Prospect Cardholders? Improved Decisions through Business
Analytics and Business Intelligence. Journal of Information Technol-
ogy Teaching Cases, 8(1), 29-44.

[PS80] Villar, A. S., &Khan, N. (2021). Robotic process automation in banking
industry: a case study on Deutsche Bank. Journal of Banking and
Financial Technology, 5(1), 71-86.

[PS81] Zheng, X. L., Zhu, M. Y., Li, Q. B., Chen, C. C., & Tan, Y. C.
(2019). FinBrain: when finance meets AI 2.0. Frontiers of Information
Technology & Electronic Engineering, 20(7), 914-924.

[PS82] Arora, N., & Kaur, P. D. (2022). GeoCredit: a novel fog assisted IoT
based framework for credit risk assessment with behaviour scoring
and geodemographic analysis. Journal of Ambient Intelligence and
Humanized Computing, 1-25.

[PS83] Kandasamy, K., Srinivas, S., Achuthan, K., & Rangan, V. P. (2020). IoT
cyber risk: A holistic analysis of cyber risk assessment frameworks, risk
vectors, and risk ranking process. EURASIP Journal on Information
Security, 2020(1), 1-18.

[PS84] Konidala, D.M., Dwijaksara,M. H., Kim, K., Lee, D., Lee, B., Kim, D.,
& Kim, S. (2012). Resuscitating privacy-preserving mobile payment
with customer in complete control. Personal and Ubiquitous Comput-
ing, 16(6), 643-654.

[PS85] Bojjagani, S., Rao, P. V., Vemula, D. R., Reddy, B. R., & Lakshmi,
T. J. (2022). A secure IoT-based micro-payment protocol for wearable
devices. Peer-to-Peer Networking and Applications, 15(2), 1163-1188.

[PS86] Saleh, M., & Aqel, M. (2021). Blockchain Implementation to Manage
BankingMobile Payments. Journal of Information Science&Engineer-
ing, 37(6).

[PS87] Rustamov, S., Bayramova, A., & Alasgarov, E. (2021). Development of
DialogueManagement System for Banking Services. Applied Sciences,
11(22), 10995.

[PS88] Singh, N., Kumar, T., & Vardhan, M. (2021). Blockchain-based e-
cheque clearing framework with trust based consensus mechanism.
Cluster Computing, 24(2), 851-865.

[PS89] Komulainen, H., & Makkonen, H. (2018). Customer experience in
omni-channel banking services. Journal of Financial Services Market-
ing, 23(3), 190-199.

ROBERTO VERGALLO is currently a Software
Engineer and an Assistant Professor at the Uni-
versity of Salento, Italy. He is also the Founder
of Vidyasoft srl, a spin-off company who received
different grants and awards from the banking
industry. During his Ph.D. degree, he was a Visit-
ing Researcher at UCLA, Los Angeles, CA, USA.
His research interests include the use of AI, the
IoT, and DLT to improve the customer experience
in the banking sector.

LUCA MAINETTI is currently an Associate Pro-
fessor in software engineering at the University of
Salento, Italy, where he is also the Deputy Director
of the Department of Engineering for Innovation.
His research interests include the web engineer-
ing, the model-driven software engineering, and
the mobile architectures applied to the Internet of
Things. He is the Co-Founder of the VidyaSoft srl,
a spin-off company.

Open Access funding provided by 'Università del Salento' within the CRUI CARE Agreement

118042 VOLUME 10, 2022


