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ABSTRACT

Artificial Intelligence (Al) and the technologies powered by Al fuel the fourth industrial revolution. Being the
primary adopter of such innovations, banking has recently started using the most common Al-based technology,
i.e, conversational agents. Although research extensively focuses on this niche area and provides bibliometric
understanding for such agents in other industries, a similar review with scientometric insights of the banking
literature concerning Al conversational agents is absent till date. Furthermore, in the era following the pandemic,
banks are faced with the imperative to provide solutions that align with the changing landscape of remote
consumer behavior. As a result, banks are proactively integrating technology-driven solutions, such as automated
agents, to effectively address the growing demand for remote customer support. Hence more research is needed
to perfect such agents. In order to bridge these existing gaps, the present study undertook a comprehensive
examination of two decades’ worth of banking literature. A meticulous review was conducted, analyzing approx-
imately 116 papers published from 2003 to 2023. The aim was to provide a scientometric overview of the
topic, catering to the research needs of both academic and industrial professionals. Holistically, the study seeks
to present a macro-view about the existing trends in Al based banking conversational agents’ literature while
focusing on quantity, qualitative and structural indicators that are effectively necessary to offer new directions
for the Al-based banking solutions. Our study, therefore, presents insights surrounding the literature, using
selected techniques related to performance analysis and science mapping.

Keywords: Bibliometric Analysis, Banking Conversational Agents, Performance Analysis, Science Mapping,
Scientometrics

1 . Introduction illustrated as the drivers of the fourth industrial revo-
lution (David et al.,, 2022; Mhlanga, 2022). Enholm
Artificial Intelligence (AI) and its manifestations et al. (2022) describe Al as the computerized stim-

such as Al-based conversational robots, are often ulation of human intelligence. In other words, much
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like human intelligence, Al is intangible, yet embodied
through systems such as robots (Kot and Leszczynski,
2022; Prentice et al., 2020). In this sense, Al is “an
applied discipline that aims to enable systems to identi-
fy, interpret, make inferences, and learn from data
to achieve predetermined organizational and societal
goals” (Enholm et al., 2022, p. 1713).

Research surrounding the Al discipline has grown
tremendously as it remains an attractive topic to stake-
holders both in the industry and the academia (Rafiq
et al., 2022). On the industrial side, over 80% of
the organizations perceive Al as a strategic prospect,
and 85% believe Al offers a competitive edge (Enholm
et al., 2022), prospectively making the AI market
worth USD 267 billion by 2027 (Mogaji and Nguyen,
2021). Consequently, academia has extensively con-
ducted research concerning Al and its embodiments.
For example, medical research presently focuses on
embodying Al in the form of robo-advisors which
may assist medical professionals (van de Sande et
al., 2022; Rowe et al., 2022). Similarly, Al research
in tourism focuses on information systems, like con-
versational agents, that reportedly provide insights
to all stakeholders, such as personalized recom-
mendations for customers (Solakis et al., 2022), and
thereby, improving tourists’ engagement and experi-
ences (Rafig et al,, 2022).

As such, a trend can be observed in the AT literature
in which the most common academic focus is on
the intricacies of agents that disperse information
to the user (Bawack et al., 2022; Goel et al., 2022;
Hentzen et al., 2022; Tran et al., 2019). In this case,
the user can be any entity seeking any information
from an agent that can “analyze inputs including hu-
man authored messages, communication history, per-
sonal information, or any other source of data. The
agent may then suggest, augment, modify or produce

messages to achieve an expected outcome” (Hancock

et al,, 2020, p. 90). These agents, in some instances,
may also deliver information unsought, but is person-
alized, strategically valuable, related to decision-mak-
ing, actionable into outputs, etc. An example for such
instances would be e-commerce conversational robots
presenting unsought, yet personalized suggestions
during shopping (Lim et al., 2022).

Considering this significant shift in the industrial
and academic focus onto such Al agents in a short
span of time, several researchers have provided in-
dustry-centric reviews to uncover evolutionary field
nuances and emerging agents. For example, Xing et
al. (2019) have conducted a bibliometric analysis on
conversational agents in the health industry. Similarly,
Yoriik et al. (2023) have bibliometrically analyzed
service robots in the hospitality industry. However,
a chief adopter of such agents is banks (Hentzen
et al., 2022; Trivedi, 2019) - which makes banks,
a common theme for information system literature,
like AT research (Adam et al., 2021). Yet, to the best
of our knowledge, no study has analyzed such agents
in banking, in a similar manner. Consequently, our
research focuses on the Al agents that are exclusive
to banks in a bibliometric discipline for the following
reasons: First, the consumer reliance on virtual bank-
ing agents like chatbots has steadily increased since
the covid-19 pandemic (Tut, 2023). The industry may
find it necessary to embrace emerging trends and
adapt existing agents to better align with consumer
needs. This reliance on novel momentum could entail
the implementation of new agents or further enhance-
ment of existing ones, ensuring that they adequately
cater to the evolving demands of consumers. (Sthotang
and Hasanah, 2021). Moreover, while the integration
of AT and banking has been a longstanding phenomen-
on (Kaya et al., 2019), the sudden spike in the usage
of banking conversational agents post-pandemic war-
rants a need to quantify the trends. Analyzing and
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indexing the depth of such trends in banking research
will contribute to future industrial research concern-
ing the development and betterment of the agents.
Second, we argue that focusing scientometric analysis
on a particular industry will offer a highly accentuated
outlook for stakeholders in academia and industry
e.g., they may assist scholars evaluate the present
literature depth and impact regarding the industry
in question and address future research directions
(Kim et al., 2021). Third, the lack of scientometric
coverage on research investigating conversational
agents exclusive to banking, creates a gap in the exist-
ing literature that requires researchers’ attention.
To delve deeper into the subject matter, the study
aims to address the following detailed research ques-

tions:

1. Within the domain of Banking Conversational
Agents, how has research evolved over time?
Specifically, what are the notable trends and
advancements in terms of Performance Analysis
and Science Mapping?

2. Based on this retrospective examination, what
can be predicted about the future trajectory
of research in this field?

To answer these questions, we utilize a range of
quantitative techniques designed to analyze extensive
datasets pertaining to the relevant literature, within
the following scope: a) The review corpus includes
116 papers extracted from the Scopus and Web of
Science databases, b) Using the corpus, the review
contributes to the literature in two methods: i)

Performance Analysis, and ii) Science Mapping.

i) The performance analysis reveals metrics related
to publications and citations regarding the con-
versational agents in banking. Performance

Analysis, referred to as the hallmark of biblio-
metric analysis, is a descriptive technique that
presents the performance of different research
constituents (e.g., authors, countries, and jour-
nals) through various measures such as, the
number of publications from each author or
country, number of citations, and the time-span
of publications (Donthu et al., 2021a; Donthu,
2021b).

ii) The science mapping identifies the present
themes, existing relationship among topics, and
potential future topics within the banking con-
versational agent domain. Science Mapping,
on the other hand, analyses the relationship
between the research constituents through
measures such as, the relationship among au-
thors or countries, co-cited publications, etc.
(Donthu et al., 2021a; Donthu, 2021b)

We have used the Clavariate Analytics Web of
Science and Elsevier Scopus databases to generate
the corpus for conducting the assessments above
(Sana et al, 2023). In addition, our study also enriches
the analysis further by visualizing the quantified find-
ings using the VOSviewer version 1.6.19. With these
assessments, the organization of this article is as fol-
lows: In the subsequent section, Section 2, we delve
into the method employed for conducting this review
and present the articles encompassed within. Section
3 is dedicated to discussing the results derived from
the aforementioned methods. Moving forward to
Section 4, we present the thematic clusters that have
been identified along with their potential evolu-
tionary trajectories. Section 5 entails a comprehensive
discussion on the limitations of this review and offers
suggestions for future research directions. Finally,
we conclude the article with a section highlighting
the implications drawn from the study.
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[I. Data and Methods

Bibliographic information obtained from the iden-
tified databases is used in bibliometric procedures.
A scientific research and comprehensive picture of
any research field are made possible by the biblio-
metric analysis carried out using the aforementioned
information. The number of bibliometric reviews
in various fields of study has expanded as a result
of the availability of bibliographical data (Ellegaard
and Wallin, 2015). Likewise, the financial researchers
have also produced numerous reviews based on bib-
liometric data related to the financial subfield consid-
ered for the review. Examples of such works include,
Goodell et al. (2023), Gallego-Losada et al. (2022),
Khan et al. (2022); Li and Xu (2022), Naeem et al.
(2022) and Zhang et al. (2019). Accordingly, following
Donthu et al. (2021)’s four-step process, our study
analyzes the bibliometric information related to Al
agents in banks. The steps include— (i) defining
the goals and scope of the review, (ii) analysis method

Stage 1 Stage 2
Defining goals and i
scope of review

methods

: Selected methods
| Performance analysis
: Science mapping

Stage 3.4.1. - Stage 3.4.2
(e.g., chatbots -> chatbot, robo advisor

I
->robo-advisor) o (N=240)

Stage 3
Data gathering

Removing plurals and misspellings | | Removing false positives
| and repeated results

selection, (iii) data gathering, and (iv) analysis, and

result summary (see <Figure 1>).
2.1. Stage 2: Selecting an analysis method

This study seeks to examine conversational agents
with Al in the banking domain using bibliometrics
as a research method. Bibliometric analysis is a qual-
itative research methodology that aids in revealing
the intellectual framework, historical development,
current state of knowledge, trending issues, and re-
search implications for the future in relation to the
area of interest (Donthu et al., 2021). As a general
principle, this methodology analyzes large databases
of extant literature statistically and mathematically
to summarize research constituents, including the
most influential authors, studies, sources, and coun-
tries (Adil et al., 2022; Donthu et al,, 2021; Ellegaard
and Wallin, 2015; Ellegaard, 2018; Narin et al., 1994;
Wallin, 2005). Furthermore, existing patterns and
focus of literature that may contribute to the better

Stage 4
Data analysis

|
Stage 4.1. |
Amalgamating |

|

Stage 3.1.

using searchphrase using indicators

1
: | I [
|
b-»  Selected databases [—
: } Scopus and Web of Science : : datasets
| Goooteossmesesie | SECOESesastend
1 1
| pmmmmmm o I e
P Stage 3.2. b Stage 4.2. 1
‘i— > Searching for articles Ir —- Dissecting data :
| | I
[ 1 | ]

I
1 | B
I i
I Stage 3.3. |
= > Identityi?\g articles }——»i m,ndﬁzﬁ:;ﬁ;,ysis I
! } (N=275) ! T __ ]
I |
| | | [ ]
L Stage 3.4. | s Stage 4.3. |
| Data Cleaning ] | Reporting results :
[ I — (PSRN,
— 1
I —
| | stage 3.4.3 Removing
[ i
1 | irrelevant studies (e.g.,
>

| blood banks)
1 (N=116)

<Figure 1> Research Flow Diagram
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comprehension of a domain can also be uncovered
with bibliometric analysis (Khan et al., 2022).
Although the possible outcomes of bibliometric
analysis are numerous, application of the analysis
to fit the purpose of the study often limits the re-
searcher to consider only a handful of analytical ap-
proaches within the
(Linnenluecke et al., 2020). Hence, as part of the
performance analysis, we assessed publication metrics
(such as, the total number of publications) and citation
metrics (like, the total number of citations). The sec-
ond step of the performance analysis involved evaluat-

bibliometric  discipline

ing the relationship between research constituents

using citation analysis and co-occurrence analysis.
2.2. Stage 3: Gathering the Necessary Data

The third stage of our research involved gathering
data for analysis. First, we selected the appropriate
databases for obtaining the publication dataset.
Researchers have repeatedly emphasized the suit-
ability of the Web of Science and Scopus databases
for synthesizing the extant literature (Adil et al,, 2022;
Dogra et al., 2022; Pranckuté, 2021; Zhu and Liu,
2020). Accordingly, researchers (such as Ertz and
Leblanc-Proulx, 2018; Sana et al., 2023) have com-

<Table 1> Data Collection

bined data from both the databases for their study.
As such, since our topic of interest is still in its
early stage, we chose both Web of Science and Scopus
databases to obtain a comprehensive dataset.
Second, we created search phrases, as presented
in <Table 1> to find the relevant publications, in
the following manner. Due to the fact that the concept
of conversational agents is still in its infancy, extant
literature uses a variety of synonymous terms. Thus,
to develop comprehensive search strings, we followed
multiple steps. a) to identify and select the appropriate
keywords to represent conversational agents,
in-depth reviews of previous works of Agarwal et
al. (2022), Ion and Lee (2017) and Bajwa et al. (2022),
were conducted. b) the authors reviewed the selected
keywords to identify and eliminate the irrelevant
ones, such as “home assistants”, “big data” and
“learning algorithm”, and considered the relevant
ones. Our initial search, thus produced 275 results.
Third, any search engine is prone to providing
inaccurate bibliometric and bibliographic data (Baker
et al.,, 2021). As a result, direct processing of such
results without data cleaning may result in improper
assessment (Donthu et al,, 2021). Hence, we cleaned
the data as shown in Figure 1— a) in order to do

an accurate topical analysis, we primarily removed

Search engines

Scopus and Web of Science

Search date

10" of March, 2023

Search phrase

Various combinations of the following phrases: i) to denote conversational agents: “Chatbot*”,
“Virtual assistant™”, “Conversational agent*’, “Natural language®”, “Virtual agent*”, “Personal
assistant®”, “Dialogue system*”, “Robo$advisor*” AND ii) to denote banks: “bank*”

X«

Document types

“Articles”, “Conference papers” and “Reviews”

Article languages “English”

Content selection

Manually screen the “titles”, “abstracts”, and “keywords” sections of the publications to
identify content relevant to the study

» o«

Initial number of identified publications | (132 from Web of Science) + (143 from Scopus) = 275

Publications selected for study

(49 from Web of Science) + (67 from Scopus) =116
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many terms from titles, abstracts, and author-speci-
fied keywords. For instance, we changed several plural
nouns to their single equivalents, such as “chatbots”
to “chatbot(s),” “banks” to “bank,” “assistants” to
“assistant”, etc. The phrases that have a similar mean-
ing are also combined (e.g, “robo-advisor” and “robo
advisor” were combined to get “robo advisor,” etc.).
Next, we screened the abstracts of the collected data
to eliminate repeated results and false positives—
i.e., publications that contained the words from the
search phrase in the “titles” or “author keywords”
section, but were deemed irrelevant after the review
of abstract. As such, papers which talk about “banks”
irrelevant to our study, like “bio banks”, “blood banks”,
and “tree banks” (e.g, Gandrud and Hallerberg, 2019;
Li et al, 2021), publications related to data mining
and related technologies that do not assist conversa-
tional agents (e.g., Cohen and Smith, 2010), pub-
lications that assess management information sys-
tems that provide humanly incomprehensible outputs
for other systems (e.g., Carrasco et al., 2012 and
Kawamura et al,, 2019), and/or call routing systems
(e.g., Zitouni et al,, 2003), and so on, were dropped
from any further consideration.

Additionally, we included publications that discuss
the role of conversational agents in bank branding

(e.g., Creelman, 2022), contributed to the develop-
ment of modern artificial intelligence systems (Kuo
et al, 2003), and evaluated conversational agents
based on bank-specific datasets (e.g., Casanueva et
al. 2020). In addition, we also considered publications
that conduct co-industrial analysis with banking (e.g,
Au et al, 2021), consider agents that provide highly
contextual information like loan advisory (e.g.,
Stevenson et al., 2021), include banking conversa-
tional agents to their assessed list of technologies
(e.g, Hlavian et al, 2022), while focusing on the broad-
er financial industry, provide implications specifically
for banks, like Taylor et al. (2023), Huang et al.
(2021) and Hwang and Kim (2021), and so on. As
the study addresses an emerging topic and intends
to present the topics evolution throughout the years,
the researchers decided not to limit the research
period. Therefore, after applying such stringent in-
clusion/exclusion criteria, our final dataset resulted
in 116 records from two different databases (Web
of Science and Scopus) published between
2003 and March 2023 (see <Figure 2>).

2.3. Stage 4: The Analyses

For the analysis, we first combined the datasets

PUBLICATIONS PER YEAR

<Figure 2> Growth of Publications over the Years
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<Figure 3> Number of Publications Per Country

<Table 2> Performance Analysis

Metric Value
Total publications (TP) 116
Number of sources 72
Number of keywords 404
Number of active years of publication (NAY) 12
Productivity per active year of publication (PAY = TP/NAY) 9.66
Number of contributing authors (NCA) 364
Average number of authors per publication (NCA/TP) 3.13
Sole authored publication count (SA) 12
Co-authored publication count (CA) 104
Academic publication count (TP-A) 9
Industrial publication count (TP-I) 9
Publications from academia-industry collaboration (TP-AI) 11
Total number of citations (TC) 1813
Average number citations per publication (TC/TP) 15.62
Average number citations per active year of publication (NAY/TC) 151.08
Collaboration index (NCA/TP) 3.38
Collaboration coefficient (1-(TP/NCA)) 0.68
Number of cited publications (NCP) 81
Proportion of cited publications (PCP = NCP/TP) 0.69
i-index (i-10) 21
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from the selected databases following Kumpulainen
and Seppanen (2022) and Kasaraneni and Rosaline
(2022). As such, the format of research constituents,
such as “authors”, “references”, and “citation count”
were amalgamated to produce a bibliographic data-
base file in .csv format, to fit the Scopus-based data
file analysis in the VOSviewer software.

Next, we dissected the dataset into the following
indicators: a. quantity indicators to present the nu-
merical data in the final dataset, b. qualitative in-
dicators to present the academic influence of the
identified dataset, and c. structural indicators to pres-
ent the interplays between the factors (e.g., countries
and authors) in the dataset. Using these indicators,
we conducted the following analyses.

<Table 3> Source-Related Metrics

2.3.1. Performance Analysis

In this regard, under the performance analysis
(see <Table 2>), first, we uncovered the following
publication-related metrics: i) Total publications, ii)
Number of sources, iii) Number of author keywords,
iv) Active years of publication, v) Productivity per
active year of publication, vi) Number of contributing
authors, vii) Average number of authors per pub-
lication, viii) Number of sole authored publications,
ix) Number of co-authored publications, x)
Publications from academia, xi) Publications from
industry, xii) Publications from industry-academia
collaboration, xiii) Growth of publications over the
years (refer to <Figure 2>), xiv) Top sources based

Most Productive Sources L Number of | Source SJR | Rank based
) Publications .
(Alphabetical Order) Publications | (2021) on SJR
) . Eren (2021); Mogaji and Nguyen
International al of Bank Market 3 0.886 4
nternational Journal of Ba arketing (2022); Northey et al. (2022)
Ivanova et al. (2020); Mane et al.
Lecture Notes in Networks and Systems (2022); Palomino-Navarro and 3 0.151 11
Arbaiza (2022)
Kaufman (2020); T t al.
Advances in Intelligent Systems and Computing @ OL; O)a.n (2020); Tenemaza e 2 0.215 10
Kim and Im (2023); H d Le:
Computers in Human Behavior and m (2023); Huang and Lee 2 2174 1
(2022)
All t al. (2021); Kaushal and
Concurrency and Computation-Practice & Experience Yazfse(;oz.’,) (2021); Kaushal an 2 0.309 9
Carrasco et al. (2012); Pisafovic et
E ith Applicati 2 2. 2
xpert Systems with Applications A (2022) 07
Garcia-Mendez et al. (2020);
IEEE A« 2 .92
coess Gonzélez-Gonzélez (2022) 0927 3
L . . Lappeman et al. (2022); Manshad et
Journal of Financial Services Marketing o, (2022) 2 0.511 7
Lecture Notes in Computer Science (including .
subseries Lecture Notes in Artificial Intelligence and Lothritz et al. (2021); Quah and 2 0.407 8
o . Chuna (2019)
Lecture Notes in Bioinformatics)
Sensors Dang et al. (2021); Huang et al (2021) 2 0.803 5
Sustainability ?21:)2613 al. (2021); Hwang and Kim 2 0.664 6
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<Table 4> Countries with Most Publications

Top productive countries Number of Publications
USA 21
India 20
Taiwan 9
Spain 8
Germany 6
Vietnam 5
Indonesia 5

on their number of publications (refer <Table 3>).
xv) Top publications based on publication citation
count (refer <Table 5>) and source quality (refer.
<Appendix A>), and xvi) Country-related metrics
(refer <Figure 3> and <Table 4>).

Second, the following metrics are related to cita-
tions: i) Total number of citations, i) Average number
of citations per publication, iii) Average number cita-
tions per active year of publication, and iv) Citation
growth over the years (refer <Figure 4>).

Third, the following metrics are related to citations
and publications (refer <Table 2>): i) Collaboration
index, ii) Collaboration coefficient, iii) Number of
cited publications, iii) Proportion of cited pub-
lications, and iv) i-index, where i is the number of
publications at least cited i times (e.g., i = 10, i =
100, etc.).

2.3.2. Science mapping

Under the science mapping analysis, we performed
the following analyses:

i) Citation analysis: Citation analysis helps the
study gain various insights in the domain of
interest. First, as observed in <Table 5> and
<Figure 4>, it helps the study identify the most
influential authors and publications.

After identification, it sequences them based on
their level of contribution and impact on the research
field (Goodell et al, 2023). In other words, the number
of citations received by a publication demonstrates
its relevance and degree of contribution to the re-
search field (Donthu et al., 2022; Khan et al., 2022)
as presented in <Appendix A>.

ii) Bibliographic coupling: Bibliometric coupling
is another kind of science mapping technique
that functions under the assumption that pub-
lications with common references also present
similar content (Khan et al,, 2022; Rohm, 2018).
The analysis thematically clusters publications

based on common references with time

CITATIONS PER YEAR

1200

1000

<Figure 4> Citation Count Per Productive Year
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<Table 5> Authors with Most Publications

Authors Number of Publications

Mogaji E

Nguyen N P

Cekic T

Chang Y J

Chen K

Cheng Y M

Darena F

Denizo O

Donder E B

Garcia-Mendez S

Kilic O F

Kim J

Kuo H K]

Lee CJ

LiCH

Manav Y

Neerincx M A

Prochazka D

[ ST I S T I S T I S I I I B S T I o T B S T B ST I O N ST I OS I B 2 B S T B oS T B S I B OST BN oS I BROS

Sfenrianto S

parameters. Applying such parameters helps
recent, niche and low-cited publications gain
discernibility, unlike the co-citation analysis.
Hence, this technique helps industrial scholars
uncover the recent developments and trends
in any given research field (Donthu et al., 2021;
Goodell et al., 2023).

iii) Co-word analysis: Unlike the previous science
mapping techniques, co-word analysis does not
focus on publications and references. This tech-
nique establishes thematic clusters based on
words shared by publications. Such words could
be extracted from the “author keywords” section
of publications (Goodell et al., 2023; Khan et
al,, 2022). In the case of keyword absence, the
technique may rely upon the “title” or “abstract”

or “full text” sections to extract the words needed
for clustering. Similar to the co-citation analysis,
co-word technique assumes that words appear-
ing together are thematically similar (Donthu
et al, 2021; Khan et al., 2022).

iv) Co-authorship analysis: As the name suggests,
it is a science mapping technique that examines
the collaborations among authors in any selected
research field. Apart from the basic identification
of co-authorship, this technique also categorizes
the social relationships among the authors, such
as countries. Co-authorship analysis remains an
important science mapping technique as collabo-
rations as it helps stakeholders in numerous ways,
such as the identification of underrepresented
countries (Burton et al., 2020; Donthu et al.,
2021; Linnenluecke et al., 2020).

[I. Results

Our analysis produced the following results and
implications for the field of Al conversational agents
in banking

3.1. Performance Analysis

3.1.1. Publications, authors, countries and
citations in the Al conversational agents
in banking literature

Our analysis uncovered the following performance
metrics (refer <Table 2>). First, in <Figure 2>, the
publication count is plotted against the years in which
they were published to show the publication trend
of Al conversational agents in banking. This illus-
trates that conversational agents in banks are not

a recent development and have been pondered upon
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barba-seara o. gonzalez-gonzalez|.

fernandez{gavilanes m.

garcia-mendezs.

jonzalez-castano f. j. de arriba-perez f.

javiegg. c. . bariggs. o.

2020.0 2020.5 2021.0 2021.5 2022.0

<Figure 5> Co-Authorship Analysis (Authors)

since 2003. Yet, the fourth industrial revolution’s
advent has recently led to a surge in this particular
research stream within the financial domain.
Accordingly, the recent years 2019 (14 publications),
2020 (20 publications), 2021 (29 publications), and
2022 (29 publications) have produced the largest
output. Consequently, the exciting trend is likely to
continue in 2023 as well as 9 articles (or 31% of
total publication count in 2022) have been published
during the first quarter of 2023.

Second, using citation analysis, the prominent pub-
lications in the field of research ranked based on
their citation counts are presented in <Appendix
A>. Gomber et al. (2018) top the list with 1012 cita-
tions, followed by Trivedi (2019) (92 citations), and
others. Likewise, Trivedi (2019), and Eren (2021)
have published leading sole-authored publications
with the most citation counts.

Third, based on SJR score, the publications of
Gomber et al. (2018), Flavian et al. (2022), and Trivedi
(2019) top the list as observed in <Appendix B>.

Fourth, using citation analysis we uncovered the

leading authors based on publication count, as pre-
sented in <Table 4>. Out of the 19 identified authors
with 2 or more publications, Mogaji E tops the list
with 3 publications (Abdulquadri et al, 2021; Mogaji
and Nguyen, 2022; Mogaji et al., 2021), followed
by the others. Moreover, Cheng Y M has solely auth-
ored two publications (Cheng, 2023; Cheng, 2020),
unlike others in the list. All of the aforementioned
publications have majorly focused upon the accept-
ance of conversational agents either from the industry
perspective or the consumer perspective. As such,
we implicate that the present focus of literature is
on exploring the intricacies of the acceptance of bank-
ing conversational agents by the industry and the
consumer.

Fifth, we used the co-authorship technique, as-
sessed based on authors, to identify the leading collab-
orators in our field of interest (refer. <Figure 5>).
Garcia-Mendez S. tops the list with 8 collaborations,
followed by the others with 4 collaborations each.

Sixth, as presented in <Figure 4>, the citation count
grew along with the publications (refer. <Figure
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<Figure 6> Co-Authorship Analysis (Countries)

2>) with an average citation count of 15.62 per
publication and 151.08 per active year of publication
(refer. <Table 2>).

Seventh, India (20 publications), USA (21 pub-
lications), and Taiwan (9 publications) have pub-
lished the most articles, in our research field of
interest. Given the sheer size and expected growth
of Fintech markets in USA, China and India
(Howarth, 2023), the results are not surprising.

Finally, <Figure 6> portrays the co-authorship
analysis with countries as the control unit. Out of
the 50 countries, 27 have collaborated with other
countries. UK tops the list with 6 collaborations,
followed by Vietnam (4 collaborations), USA, (4 col-
laborations), India (3 collaborations), and others (2

collaborations or less).

3.1.2. Prominent Sources of Identified
Publications

We have presented the influential journals that
have contributed to our field of interest in <Table
3>. First, the International Journal of Bank Marketing
and Lecture Notes in Networks and Systems have pub-
lished 3 articles each with a combined citation count
of 50. Next, Advances in Intelligent Systems and
Computing, Computers in Human Behavior,
Concurrency and Computation-Practice ¢ Experience,
Expert Systems with Applications, IEEE Access, Journal
of Financial Services Marketing, Lecture Notes in
Computer Science (including subseries Lecture Notes

in Artificial Intelligence and Lecture Notes in

Bioinformatics), Sensors, and Sustainability have pub-
lished 2 articles each. Second, <Table 3> also presents
the most prominent of these sources based on their
SJR score. Accordingly, Computers in Human
Behavior, Expert Systems with Applications, and IEEE
Access are the top three productive high-ranking jour-
nals in the AI conversational agents in banking
literature. In these publications, a pattern is observed
where majority of the focus is on consumer acceptance
of conversational agents (e.g., Eren, 2021; Huang and
Lee, 2022; Kim and Im, 2023). Moreover, Journal
of Financial Services and Journal of Bank Marketing
are the core financial journals in this list. This surpris-
ing lack of financial journals in the list implicates
another possible trend, which focuses on uncovering
the convolutions of conversational agent acceptance
among consumers and the industry with an inten-
tional focus on banking. As banks are often regarded
as the primary and largest adopters of any new technol-
ogy (Hentzen, 2022; Trivedi, 2019), we assume that
researchers expect a study sample who have used
conversational agents to be easily available in the
banking domain for their studies.

3.2. Science Mapping

3.2.1. Identifying Themes Using Bibliographic
Coupling

The study overlooks the co-citation technique
which considers only seminal publications, unlike the
bibliographic coupling technique. First, the biblio-
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<Figure 7> Thematic Clusters

graphic coupling helps researchers understand the
existing status quo of the literature under assessment
by considering niche and recent publications along
with the seminal ones (Goodell et al., 2021). In this
sense, co-citation analysis becomes redundant for our
scope of study. Second, the technique has become
a standard for finance literature within the biblio-
metric discipline (Baker et al., 2021; Goodell et al.,
2021; Rohm, 2018). Accordingly, using this technique
we uncovered 6 thematic clusters as presented in
<Appendix C>.

Technology Design, Language

Processing, Banking Transformation, Technology
Acceptance, Customer Service and Technology
Personalization are the foundational clusters identi-
fied as depicted in <Figure 7>. These clusters represent

the extant knowledge foundations of the Al conversa-

system

tional agents in banking. Thematic cluster 1 contains
9 publications with 30 citations in total, under
Technology design. The 12 publications in cluster 2,
Language processing, were cited 21 times. Cluster 3
contains 15 publications under Banking trans-
formation with 23 citations. The foundational cluster
4 under Technology acceptance contains 14 pub-
lications with 263 citations. Cluster 5 contains 7 pub-
lications with 43 citations in total under Customer
service. Finally, cluster 6 under Technology person-
alization contains 5 publications with 4 citations.
Among these foundational themes, the Technology
acceptance cluster was cited the highest revealing that
present research focuses upon the acceptance of con-
versational agents, more than other themes. In this
regard, researchers like Eren (2021) and Trivedi (2019)

financial technology model agent
Gng Uqge eXperience deep ger systems
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mtelllgence
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machine theory
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<Figure 8> Word Cloud (Authors Keywords)
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offer insights for increasing the consumer acceptance
of banking conversational agents. The second highest
cluster based on citation count, Customer service,
focuses on the employment of Al technologies like
conversational agents in banking. Accordingly, re-
searchers such as Li et al. (2020) and Ng et al. (2020)
offer insights for the development and employment
of banking conversational agents in customer service.
The third highest cited cluster, the Technology design
focuses on the design of conversational agents.
Accordingly, researchers, such as Johari et al. (2022),
and Lai et al. (2019) offer insights for designing chat-
bots that can appeal to the intended users. In this
fashion, the rest of the studies listed in <Appendix
C> represent the themes in extant Al conversational

agents in banking literature.

3.2.2. Identifying Trends Using Co-occurrence
Analysis

Building on the previous themes uncovered using

expectation-confirmation model

continuange intention

robodagdvisor

marketing

b
banki telist
customep servige angmg b

the bibliographic coupling technique, we employed
the co-occurrence analysis to understand how the
themes have advanced. The co-occurrence technique
gauges the “author keywords” section of the corpus
in a temporal fashion to uncover the aforementioned
advancement. Author keywords are the words that
researchers choose, for a publication have a major
influence on how it is portrayed and how it is commu-
nicated throughout scientific communities. First, we
have presented a word cloud in <Figure 8> based
on the keyword occurrence frequency. “Chatbots”
tops the list of most frequently appearing keywords
with 45 occurrences, followed by “artificial in-
telligence” with 29 occurrences, “banking” and
“natural language processing” with 16 occurrences,
“machine learning” with 11 occurrences, “financial
services” and “fintech” occurring 7 times, and finally
“continuance intention” and “trust” occurring 5
times. Second, the publication’s primary topics of
interest are identified using these keywords. We used
the co-occurrence technique to detect keywords that

bank&ngﬂ'\atbgt(s)

"'artificialirl&elligtncef
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<Figure 9> Co-Occurrence Analysis (Author Keywords)
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have occurred at least twice in the corpus.
Accordingly, we have visualized the keywords match-
ing our selection criteria, and the thematic relations
between the keywords in a chronological manner
in <Figure 9>. We have presented them in a chrono-
logical manner to understand their average pub-
lication year (APY), which can be formulated as

APYt:Zi,jtijy/Ziti

Here, if two articles discuss a topic ¢ in 2020,
then one article discusses ¢ in 2022, and six articles,
in 2023, then the APY value of t is [(2*2020) +
(1*2022) + (6*2023)]/9 = 2022.2 (Goodell et al., 2021).
The APY helps researchers understand how the
trends in the literature of the selected field of interest
have evolved over the years. The literature that sup-
ports conversational agents generally seems to be
extensive. Therefore, we suggest that it is critical
to analyze the existing literature on this subject in
terms of the industry, like Yortik et al. (2023) and
Xing et al. (2019). As such, using co-occurrence analy-
sis we uncovered the current trends in our field of
research interest, as presented in section 4.
Furthermore, the next section seeks to clarify the
current state of the conversational agents in banking,

also to classify future research notions.

[V. Discussion on Present Thematic
Clusters and Potential Research
Trajectories

4.1. Language Processing

Before APY 2019.0, researchers such as Kuo and
Lee (2003) and Zitouni (2007) have worked on sys-
tems using natural language processing. The re-

searchers “aim to gather knowledge on how human
beings understand and use language so that appro-
priate tools and techniques can be developed to make
computer systems understand and manipulate natural
languages to perform the desired task” (Chowdhary
and Chowdhary, 2020, p. 1). Other research sub clus-
ters exposed using the author keywords within this
timeframe that directly contribute to the latest natural
language processing systems, like conversational
agents (APY 2021.1), are, discriminative training (APY
2005.5), informational retrieval (2012.5), classification
(2016.6) and so on. All of these research clusters
have helped the natural language processing systems
advance over the years (e.g, Wilkie et al, 2005). While
these systems were not artificially intelligent initially,
they were seminal in developing the modern-day
Al-based query handling systems such as Al-based
chatbots. For instance, in the network visualization
diagram presented in <Figure 9>, the conversational
agents, which depend on information retrieval (2012.5)
powered by discriminative training (2005.5), reveals
how the systematic training (discriminative training)
has enabled the system (conversational agents) to iden-
tify and retrieve information (informational retrieval),
which is then presented to customers’ questions, in
the form of meaningful answers. After APY 2019.0,
this trend happens to continue where keywords like
natural language processing and natural language un-
derstanding (APY 2021.5) are linked to other sub
clusters, like machine learning (APY 2021.2), deep
learning (APY 2020.0), and intent classification
(2021.3) signifying the shift of modern-day systems
onto Al-powered trainings. When discussing avenues
for future research, it is essential to provide compre-
hensive and detailed suggestions that can guide fur-
ther investigation. In light of this, we recommend
expanding the discussion to offer specific areas and

aspects that merit exploration, potential research
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methodologies or frameworks to adopt, as well as
the potential implications and benefits of undertaking
such future research endeavors. To advance the
knowledge in the “language processing” domain, fu-
ture literature could consider narrowing down the
agent training topics to specifically cater to the in-
tricacies of the banking domain and the systems with-
in it. This targeted approach would allow researchers
to delve deeper into the specific challenges, require-
ments, and nuances associated with language process-
ing in the context of banking. Furthermore, exploring
the potential methodologies and frameworks that
could be employed in investigating language process-
ing for banking agents would greatly enrich the
literature. Researchers could consider employing nat-
ural language processing techniques, machine learn-
ing algorithms, and semantic analysis approaches to
develop advanced models and systems tailored to
the unique linguistic requirements of the banking
sector. By incorporating these methodologies, re-
searchers can unravel the complexities of language
understanding, sentiment analysis, and customer in-
teractions within the banking domain. Such future
research endeavors would yield several noteworthy
implications and benefits. Firstly, it would lead to
the development of more accurate and efficient bank-
ing conversational agents that can comprehend and
respond to customer inquiries and requests
effectively. Enhanced language processing capa-
bilities would enable agents to provide personalized
and context-aware solutions, ultimately enhancing
the overall customer experience. Secondly, by delving
into the nuances of language processing within the
banking context, researchers can contribute to the
advancement of the broader fields of natural language
processing and artificial intelligence, offering insights
and techniques that can be applied to various other
domains and industries. We make this suggestion

as other fields, like medicine, have produced tools
and techniques for training their industrial agents
(Richardson et al., 2021), while banking literature
remains desolate in this regard.

4.2. Technology Acceptance

Keywords, such as continuance intention (APY
2021.6) and customer satisfaction (APY 2021.6) repre-
sent consumers’ response to various stimuli, like trust
(APY 2020.6), externalities (APY 2022), and expect-
ation-confirmation (APY 2022). This represents a
growing trend in research, which considers the con-
sumer response to conversational agents. The response
often confirms theories, like the technology acceptance
(APY 2021.2), and expectation-confirmation, gained
through positive customer experience (APY 2021.3)
with conversational agents (APY 2021.1) in banking
(APY 2021.2). In this regard, the existing trend in
our research domain lacks comprehensive coverage
of response-related variables, such as usage intention,
actual usage, and attitude. Additionally, there is a
need to incorporate stimulating variables derived
from well-established theoretical frameworks, includ-
ing the Unified Theory of Acceptance and Use of
Technology, Innovation Diffusion Theory, Flow
Theory, and the Task-Technology Fit. To address
these gaps, future literature should consider in-
corporating a broader range of response-related vari-
ables in their studies. This would involve examining
users’ intentions to use banking agents, their actual
usage behavior, and their attitudes towards these tech-
nological solutions. By including these variables, re-
searchers can gain deeper insights into the factors
that influence users’ acceptance and adoption of con-
versational agents in the banking context. Understanding
users’ intentions, behaviors, and attitudes is crucial for

developing effective strategies to promote the use
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of these agents and ensure their successful integration
into banking services. Furthermore, it is imperative
to draw upon established theoretical frameworks
when investigating the adoption and usage of banking
agents. The Unified Theory of Acceptance and Use
of Technology provides a comprehensive perspective
on users’ acceptance and use of technology, encom-
passing factors such as performance expectancy, ef-
fort expectancy, social influence, and facilitating
conditions. Incorporating this theory into research
on banking agents would enable a more thorough
analysis of the factors influencing users’ acceptance
and usage behavior. Similarly, the Innovation
Diffusion Theory can offer valuable insights into the
process of how innovations, such as conversational
agents, spread and gain traction among users.
Exploring the diffusion of banking agents and identi-
fying the factors that facilitate or hinder their adop-
tion can contribute to a more comprehensive under-
standing of their impact on the banking industry.
Additionally, incorporating concepts from Flow
Theory can shed light on users’ experiences and en-
gagement when interacting with banking agents.
Understanding the flow state, characterized by fo-
cused attention, enjoyable experiences, and optimal
challenge, can help researchers design conversational
agents that enhance user satisfaction and overall
experience. Lastly, considering the Task-Technology
Fit perspective can provide insights into the align-
ment between the capabilities of banking agents and
the tasks they are designed to support. Assessing
the fit between the functionalities of the agents and
the specific banking tasks can guide the development
and implementation of tailored solutions that effec-
tively meet users’ needs. By incorporating these re-
sponse-related variables and drawing upon estab-
lished theories, future research can deepen our under-
standing of the adoption, usage, and impact of bank-

ing conversational agents. This would enable re-
searchers to develop more robust models, theories,
and practical guidelines that facilitate the successful
implementation of these technologies in the banking
industry, ultimately benefiting both users and service
providers. Yet, confirmation of such theories and
consideration of aforementioned responses are highly
prevalent in literature considering conversational
agents in other industries, like e-commerce (Wang
et al,, 2021) and education (Guggemos et al., 2020).
Hence, we suggest the future scholars contributing
to the conversational agents in banking literature
to consider technology acceptance related theories

such as the above.

4.3. Design

Another trend in the present conversational agents
in banking literature centers on the design of said
agents. Keywords like anthropomorphism (APY 2023)
are generally used to represent the humanoid features
demonstrated by the Al system. When the system
exhibits such features, responses like trust get stimu-
lated resultantly (Ogonowski et al, 2014).
Accordingly, studies consider these aspects to assess
various customer responses to several other factors
pertaining to human-like features exhibited by Al
systems. When examining the existing literature on
conversational agents, it is noteworthy that studies
conducted in other fields have explored design-re-
lated constructs, such as emotional support, appear-
ance, and interactivity. Lee et al. (2022) focused on
the emotional support provided by conversational
agents, while Chong et al. (2021) emphasized the
importance of appearance and interactivity. However,
upon conducting a co-occurrence analysis within our
corpus, we observed a dearth of such design-related

keywords, suggesting a research gap that warrants
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attention in the context of conversational agents in
banking. Therefore, future research endeavors in the
banking domain should take into account the sig-
nificance of design aspects when studying conversa-
tional agents. It would be valuable to investigate
whether design-related features outweigh perform-
ance-related features or vice versa, particularly in
environments perceived as risky, such as the banking
sector. Understanding the role of design in shaping
users’ perceptions and experiences with banking con-
versational agents can provide crucial insights for
developing effective and user-centric agent designs.
By delving into the interplay between design and
performance aspects, researchers can explore ques-
tions regarding the relative importance of these fac-
tors in influencing users’ acceptance, trust, and sat-
isfaction with banking conversational agents. Does
a visually appealing and interactive design contribute
more to user engagement and adoption compared
to the performance capabilities of the agent?
Alternatively, does the functionality and reliability
of the agent outweigh design aesthetics in establishing
user trust and confidence? Examining these trade-offs
can help identify the key drivers that influence users’
preferences and choices when interacting with con-
versational agents in the banking domain.
Furthermore, investigating the impact of design-re-
lated features on users” perceived risk is of particular
interest. Perceptions of risk can significantly influence
users’ willingness to adopt and engage with banking
conversational agents. Research should explore how
different design elements, such as visual design, inter-
action design, and conversational style, interact with
users’ risk perceptions in the context of banking
services. Understanding the relationship between de-
sign and perceived risk can provide valuable insights
for designing conversational agents that foster trust,

mitigate risk perceptions, and enhance user accept-

ance in the banking domain.
4.4. Transformation

Transformation is a topic uncovered during the
bibliographic coupling and co-occurrence analysis
phases of our study. In the bibliographic coupling,
publications like Abdulquadri et al. (2021) and Suhel
et al. (2020) focus on the transformation of traditional
banking through digitalization. In the same manner,
the co-occurrence analysis exposed the relationship
between keywords like, digital transformation (APY
2021.0), and customer service (APY 2020.6), demon-
strating that another existing trend in research focuses
upon the Al-backed transformation of various sub-
domains within banking, like customer service (APY
2020.6), marketing (APY 2021.5), financial services
(APY 2020.0), and roboadvisory (APY 2021.1) using
technologies like chatbots (APY 2020.7). When con-
sidering the ongoing digitalization of the banking
sector, an area that merits attention in future research
is the application of artificial intelligence (AI). The
COVID-19 pandemic and subsequent lockdowns
compelled numerous banks to expedite their digital
transformation efforts, resulting in the adoption of
Al-based technologies, such as customer service
chatbots. However, the introduction of these novel
and complex services can present challenges for cus-
tomers (Kaur et al, 2021), necessitating further inves-
tigation into consumer acceptance and its impact
on the broader banking transformation trend. Future
research endeavors should delve into the factors that
influence consumer acceptance of Al-driven banking
services. Understanding how customers perceive and
evaluate these digital innovations is crucial for their
successful implementation and widespread adoption.
Researchers can explore the determinants of consum-

er acceptance, including factors such as perceived
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usefulness, ease of use, trust in Al technology, privacy
concerns, and the overall user experience. By examin-
ing these dimensions, a more comprehensive under-
standing of consumer acceptance and its implications
for the digitalization of banking can be attained.
Moreover, it is imperative to investigate the chal-
lenges and barriers that customers may encounter
when interacting with Al-based banking services.
These challenges can arise due to the novelty and
complexity of Al technologies, as well as customers’
familiarity with traditional banking practices.
Exploring the specific difficulties faced by customers
in their interactions with Al chatbots, such as issues
related to communication, understanding responses,
or obtaining accurate information, can provide val-
uable insights for improving the design and function-
ality of these services. Additionally, future research
should address the impact of consumer acceptance
on the broader banking transformation trend. As
banks increasingly rely on Al and digital solutions,
understanding how customer acceptance influences
the pace and direction of this transformation is
crucial. Researchers can investigate the relationship
between consumer acceptance, adoption rates of
Al-based banking services, and the overall success
of banks’ digitalization initiatives. This line of inquiry
can shed light on the dynamics between customer
preferences, technological advancements, and the
strategic decisions made by banks in their pursuit

of digital transformation.

V. Limitations and Future Research
Directions

The implications of our study should be considered
with the following limitations in mind. First, the

study considers only the Scopus and Web of Science

databases to identify the corpus for analysis. We
suggest future research to consider other growing
databases like Dimensions and Google Scholar, to
repeat our study. Second, during the dataset merging,
the references format could have been compromised.
However, since our study skipped the co-citation
technique, the drawback exerts limited impact on
our analysis. Yet, future researchers considering
co-citation technique may carefully assess the refer-
ence section of the dataset to avoid inaccurate results.
Third, we have merely quantified a growing financial
research trend with minimal timespan. Hence, future
researchers may repeat our research after the trend
has experienced a considerable growth. Fourth, our
research is quantitative in nature. Hence, we invite
future researchers to analyze the same research field
in a qualitative manner, such as the systematic liter-
ature review. In addition, the field of scientometric
is witnessing the emergence of various review method-
ologies, including altmetrics, network analysis, text
mining, and citation context analysis. Future re-
searchers investigating conversational agents, irre-
spective of the domain, have the opportunity to lever-
age these methodologies to enhance their sciento-
metric analysis. Finally, in the domain of conversa-
tional agents, several areas such as contextual under-
standing, multimodal conversations, personalization
and adaptability, human collaborations, and con-
tinuous learning are gaining significant attention. To
enhance existing literature through quantitative meas-
ures, we recommend future research to expand their

scientometric reviews to encompass these domains.

VI. Conclusion

The corpus for the current study was developed

by searching papers in the Elsevier Scopus and
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Clavariate Analytics Web of Science databases using
inclusion and exclusion criteria, then filtering
procedures. The study’s retrospective analysis of con-
versational agents in banking answered the suggested
research questions. Accordingly, first, with corpus
retrospection, we uncovered the publication metrics,
citation metrics, and the research trends over the
years in a quantifiable manner for our research field
of interest. Second, we identified the most influential
publications in the field through citation analysis
technique, followed by the identification of leading
authors using the same technique. Third, using the
co-authorship analysis technique we revealed the top
collaborators, and their collaborations, with countries
as the unit of analysis. Fourth, we uncovered the
publications and their significance in our field of
interest. Next, the study revealed the extant themes
in our research field of interest using the bibliographic
coupling technique. Following this, we used the
co-occurrence technique to understand how and
whether the themes identified using bibliographic
coupling have advanced over the years. Ultimately,
the co-occurrence helped us present the future re-
search directions for the scholars working on con-

versational agents in banking.

6.1. Academic Contributions

Our study offers the following implications for
literature. Firstly, our findings provide researchers
with a comprehensive understanding of the current
boundaries and scope of research of the domain under
review. Consequently, researchers can utilize these
results to prioritize lesser-investigated and novel is-
sues, thereby facilitating the broader adoption of con-
versational agents in banking domains. Secondly, re-
searchers working in the area can benefit from identi-

fying prominent publishers, researchers, and coun-

tries in this field, as they serve as potential collabo-
rators and guiding forces for advancing research with-
in this domain. Thirdly, the findings from the analysis
of thematic clusters, achieved through bibliographic
coupling and co-occurrence analysis, offer critical
information regarding articles that form the founda-
tion of this research field. Future researchers can
leverage this information as a basis for conducting
more nuanced research focused on specific issues
identified through citation analyses. Fourth, the con-
tent analysis of the identified thematic clusters enables
us to propose significant research agendas that can
be addressed by future scholars. Lastly, our study
can serve as a foundation for promoting methodo-
logical advancements in future studies, specifically
through mathematical modeling and empirical

investigations.

6.2. Practical Contributions

The findings of this study hold practical im-
plications for industry-based researchers seeking to
advance the existing knowledge base. Based on the
analysis, we offer the following practical implications
for managers and organizational policy makers to
facilitate the implementation and adoption of con-
versational agents in the banking sector. Firstly, our
research suggests that practitioners, including man-
agers responsible for technological advancements
within organizations, can utilize our study to grasp
the broad scope of AI- based conversational agent
applicability in managing business processes and op-
erations across diverse sectors and managerial do-
mains, specifically within banking. Secondly, in-
dustrial practitioners can apply the findings from
the studies identified through science mapping to
address design choices and transformations that may

alleviate major implementation obstacles discussed
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in prior literature. Thirdly, the findings indicate the
need for practical investigations into the societal,
organizational, and environmental factors that influ-
ence the implementation of conversational agents
in banking. Fourth, the results highlight the im-
portance of considering language processing, accept-
ance, design, and transformational dimensions in
the application of conversational agents for organiza-
tional customer management and related processes.

Therefore, organizational managements and pro-

fessionals involved in the information technology
domains are urged to examine these factors. Lastly,
we believe that industry-based practitioners can bene-
fit from utilizing bibliometrics to delineate research
boundaries within specific areas of interest, enabling
a more nuanced application of conversational agents
in different managerial domains, such as human re-

sources, data management, and financial management.
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