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Abstract

This study investigates the convergence of blockchain, artificial intelligence (AI), near-
field communication (NFC), and mobile technologies in electronic payment (e-payment)
systems, proposing an innovative integrative framework to deconstruct the systemic in-
novations and transformative impacts driven by such technological synergy. Unlike prior
research, which often focuses on single-technology adoption, this study uniquely adopts
a cross-technology convergence perspective. To our knowledge, this is the first study to
empirically map the multi-technology convergence landscape in e-payment using sciento-
metric techniques. By employing bibliometric and thematic network analysis methods, the
research maps the intellectual evolution and key research themes of technology convergence
in e-payment systems. Findings reveal that while the integration of these technologies
holds significant promise, improving transparency, scalability, and responsiveness, it also
presents challenges, including interoperability barriers, privacy concerns, and regulatory
complexity. Furthermore, this study highlights the potential for convergent technologies to
unintentionally deepen the digital divide if not inclusively designed. The novelty of this
study is threefold: (1) theoretical contribution—this study expands existing frameworks of
technology adoption and digital governance by introducing an integrated perspective on
cross-technology adoption and regulatory responsiveness; (2) practical relevance—it offers
actionable, stakeholder-specific recommendations for policymakers, financial institutions,
developers, and end-users; (3) methodological innovation—it leverages scientometric and
topic modeling techniques to capture the macro-level trajectory of technology convergence,
complementing traditional qualitative insights. In conclusion, this study advances the theo-
retical foundations of digital finance and provides forward-looking policy and managerial
implications, paving the way for a more secure, inclusive, and innovation-driven digital
payment ecosystem.

Keywords: e-payment technology; technology convergence; scientometrics; financial
inclusion; technology evolution

1. Introduction

In the era of rapid digital transformation, electronic payment (e-payment) technology
has emerged as a cornerstone of modern financial infrastructure. The convergence of key
digital technologies—including mobile communication, blockchain, artificial intelligence
(Al), and near-field communication (NFC)—has led to the evolution of e-payment systems
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that are more secure, efficient, and user-centric [1,2], reflecting a paradigm shift in digital
finance driven by growing expectations for speed, transparency, convenience, and trust [2,3].
As e-payment systems increasingly support not only daily financial transactions but also
broader economic inclusion goals, understanding their convergent evolution is vital.

For instance, integrating blockchain technology into e-payment systems offers a
paradigm shift toward decentralized, transparent, and secure transaction mechanisms
that challenge conventional banking models [1]. Likewise, the integration of Al and
machine learning enhances fraud detection and customer interaction through real-time,
predictive analytics [2]. NFC technology, which enables contactless transactions, gained
even greater relevance during the COVID-19 pandemic [3,4].

Despite these advantages, technological convergence in e-payments introduces signif-
icant challenges. Interoperability barriers, data privacy concerns, and inconsistencies in
regulatory frameworks across regions hinder the standardized deployment of converged
systems [5]. Moreover, the rapid pace of technological innovation often surpasses the
readiness of existing institutional structures to adapt.

This convergence also poses risks related to digital inequality and financial exclusion.
Although convergent technologies have the potential to expand financial access, they may
exacerbate the digital divide if issues of affordability, infrastructure, or user literacy are not
adequately addressed [6,7]. These multifaceted concerns call for a systematic, theory-driven
investigation of convergence phenomena within the e-payment landscape.

To address this, the present study investigates how technological convergence shapes
the development, adoption, and performance of e-payment systems, particularly in relation
to key stakeholders such as consumers, financial institutions, and regulators. A bibliometric
approach is employed to uncover emerging themes and structural patterns in the literature,
offering a data-driven perspective on the evolution of the e-payment domain.

This study differs from prior works focusing on singular technologies—such as
blockchain [1], mobile payments [8], or Al [2]—by adopting a comprehensive perspective
that reveals the synergies and challenges arising from their convergence.

This research is guided by two primary questions:

RQ1: Which technologies (e.g., Al, blockchain, NFC) most frequently co-occur and
form dominant convergence patterns in e-payment literature (2000-2023)?

RQ2: How does technological convergence impact security, system interoperability,
and financial inclusion in diverse institutional and geographic contexts?

By uncovering interrelations among technological trends, user behaviors, and policy
contexts, this study aims to bridge a critical knowledge gap and offer strategic insights for
advancing inclusive, secure, and future-ready digital financial ecosystems.

2. Theoretical Underpinnings: Evolution of E-Payment Technology and
Converging Domains

In the rapidly evolving digital landscape, e-payment technology has emerged as a
pivotal component of the global economy, reshaping how financial transactions are exe-
cuted. The advent of the Internet and the proliferation of mobile technology have catalyzed
the growth of e-payment systems, making them indispensable in today’s digital age. The
genesis of e-payment systems can be traced back to the 1970s with the introduction of
Electronic Funds Transfer (EFT), which marked the initial step towards electronic trans-
actions. The development of Automated Teller Machines (ATMs) in 1967 revolutionized
banking, offering a precursor to the convenience of e-payments [9]. The 1990s witnessed
a significant leap with the advent of online banking, propelled by the Internet’s commer-
cialization. This era set the stage for the emergence of PayPal in 1998, a ground-breaking
platform that simplified online transactions and heralded a new era for e-commerce [10].
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These developments underscored a shift towards more accessible and efficient financial
transactions, laying the groundwork for modern e-payment systems. In the early 2000s,
technological advancements and increased internet accessibility led to the proliferation of
digital wallets and mobile payment solutions. Companies like Apple, Google, and Samsung
introduced digital wallets, further embedding e-payments into daily commerce [11,12].
These innovations highlighted a growing trend towards seamless, user-friendly payment
methods. Introducing blockchain technology and cryptocurrencies in 2009 with Bitcoin
presented a novel approach to e-payments, emphasizing decentralization, security, and
transparency. This period marked the diversification of e-payment methods, reflecting a
dynamic landscape of technological innovation and adoption. These digital currencies offer
a decentralized alternative to traditional financial systems, minimizing transaction costs
and enhancing cross-border transaction efficiency. Integrating Near Field Communication
(NFC) technology in smartphones enabled contactless payments, enhancing the conve-
nience and speed of transactions. The COVID-19 pandemic further accelerated the adoption
of contactless payments as consumers and retailers sought safer payment alternatives [4,13].
The timeline of the e-payment evolution research is shown in Table 1 below.

Table 1. Timeline of e-payment technology development.

Period Evolution
1960s Development of ATMs
1975 onwards Introduction to EFT
1990s Advent of Online Banking and Emergence of PayPal
2005 onwards Proliferation of Digital wallet and mobile payment solutions
2010s Introduction of Bitcoin and Blockchain technology
2020s Surge in contactless payment, NFC, due to COVID-19

Focus on security, usability, and financial inclusion in

2023 onwards e-payment research using Al and ML

The primary focus of recent research is the development of advanced security mea-
sures to protect against fraud and cyberattacks. Techniques leveraging artificial intelli-
gence (Al) and machine learning (ML) are at the forefront, with studies exploring how
these technologies can be applied to detect fraudulent activities in real time and prevent
security breaches [14,15]. Blockchain technology is also a significant area of interest, pro-
viding a decentralized and tamper-proof framework for conducting transactions securely.
Studies [6,16,17] have examined ways to make e-payments more intuitive, seamless, and
inclusive, catering to a diverse user base. Current research in e-payment technology has
significantly contributed to advancing security, usability, and accessibility. However, gaps
remain in understanding and addressing the challenges of cross-border payments, in-
teroperability, privacy, and adoption barriers, particularly in emerging markets. Legacy
systems like SWIFT (Society for Worldwide Interbank Financial Telecommunications) re-
main crucial for ensuring secure cross-border messaging and financial interoperability,
complementing newer blockchain-based systems in the evolving global payment infrastruc-
ture. Addressing these gaps presents an opportunity for future research to innovate further
and refine e-payment technologies, making them more secure, efficient, and accessible to a
global audience.

Technology convergence refers to the integration of distinct digital technologies—such
as Al, blockchain, and NFC—into cohesive, interoperable platforms that enable new sys-
temic functionalities, going beyond mere parallel adoption or sequential use (The Techno-
logical Convergence Innovation [18-20]). The era of unprecedented technological conver-
gence within the e-payment domain mirrors advancements in related technological fields,
creating innovative solutions that redefine traditional paradigms. This convergence has
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led to the seamless integration of digital payments into daily life and business operations,
reflecting a broader trend towards a seamless, integrated digital ecosystem. The synergy
between mobile technology and NFC, along with the incorporation of Al and ML, has
streamlined payment processes and enhanced the security and reliability of e-payment
platforms. Research highlights the transformative role of blockchain, the potential of Al
and ML in fraud detection and customer service, and the need for cohesive standards to
support widespread adoption. While individual technologies like blockchain and Al have
been explored [1,2], there is a call for more research on understanding the convergence phe-
nomenon and its collective impact on system performance, security, and user experience,
emphasizing the dynamic and rapidly evolving field of e-payment technology.

This study adopts a bibliometric analysis approach—a quantitative method widely
used for systematically reviewing and mapping the structure and evolution of large-scale
academic literature. Bibliometric techniques enable researchers to analyze publication
trends, citation patterns, keyword co-occurrence networks, topic evolution, co-authorship
structures, and institutional collaborations across time and disciplines [16,17,21-23].

Bibliometrics provides a robust framework for tracing the chronological develop-
ment of a scientific domain from a multi-disciplinary perspective, helping to uncover
the underlying intellectual structure of a field [23]. This is achieved through widely
adopted techniques such as co-citation clustering, bibliographic coupling, and central-
ity analysis of keywords—each offering objective insights into research influence and
thematic convergence.

In recent years, bibliometric studies have played an increasingly prominent role in
shaping theory and evaluation within fields such as digital finance, e-commerce, and infor-
mation systems. For example, Ngai and Wat [24] conducted a comprehensive classification
and literature review of e-commerce research, applying citation-based mapping to track
the development of knowledge in decision support systems. Similarly, Daim, Rueda, Mar-
tin and Gerdsri [21] combined co-word analysis and patent citation analysis to forecast
emerging technology trajectories.

In the context of mobile and digital payments, Motwani?, et al. [25] conducted a
bibliometric analysis highlighting how mobile payment systems have matured through
cross-domain innovation, as revealed by keyword clustering and citation evolution. Mean-
while, in the broader fintech landscape, Gomber et al. Gomber, et al. [26] provided a
conceptual review of innovation and disruption mechanisms in financial services, while
Haddad and Hornuf Haddad and Hornuf [5] applied bibliometric techniques to assess
the global expansion of fintech research, identifying key geographic and thematic clusters.
Riggins and Wamba Riggins and Wamba [27] further examined the convergence of IoT and
Big Data analytics by applying thematic evolution mapping to digital adoption trends in
information systems.

Despite the growing volume of bibliometric research in finance and technology, few
studies have applied an integrative lens that concurrently investigates both technologi-
cal convergence (e.g., blockchain, Al, NFC) and theoretical constructs of user acceptance
(e.g., trust, security, perceived usefulness). This study addresses that gap by combining
traditional bibliometric mapping with evolutionary scientometric analysis, offering a com-
prehensive overview of how previously isolated technologies are converging into a unified,
interoperable e-payment ecosystem.

By doing so, this study not only contributes to the expanding bibliometric literature but
also offers novel insights into the evolution of digital finance, the sociotechnical mechanisms
of adoption, and the institutional patterns of scholarly collaboration shaping the future of
e-payment technologies.
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3. Research Methodology

A bibliometric analysis is a well-established quantitative evaluative methodology
used to systematically review scholarly literature. It examines citation structures, thematic
relationships, authorship patterns, and institutional or geographical distributions across
research outputs. This approach enables researchers to trace the chronological development
and intellectual structure of a given domain from a multi-disciplinary perspective [23].

In this study, bibliometric analysis was selected for its dual strength: (1) its ability
to conduct a large-scale quantitative overview of the field and (2) its thematic capability
to uncover both emerging and established research areas. Metrics such as total citations,
publication frequency, and network centrality (e.g., betweenness, closeness) are employed
to identify influential themes and knowledge clusters.

This study adopts a three-phase bibliometric analysis framework(in Figure 1) to
examine the convergence of digital technologies in e-payment systems: (1) data retrieval;
(2) pre-processing; and (3) quantitative and network-based analysis. The objective is to map
the thematic evolution, intellectual structure, and influential contributors to the domain of
technology convergence in e-payments.

Data Retrieval

Bibliometric analysis

Pre-Processing

* Literature &
Descriptive Analysis
» Network Analysis

« Indexing Database
(WoS)
« Search Strategy

* Search Refinement
* Data Merge

Figure 1. Research process.

To formulate the search strategy, we identified and verified various keywords from
existing literature shown in Table 2.

Table 2. Search strategy.

Search String Results

(“electronic payment” OR “digital payment” OR “online
payment” OR “e-payment”) OR (“payment technology” OR
“electronic transactions” OR “electronic commerce”) OR (“mobile
payment” OR “contactless payment” OR “digital wallets”)
Refine Criteria: Languages: (English); Document types:(Article or Proceedings paper or
Early access); Indexes: (Sci-Expanded, SSCI, A&HCI)

6153

3.1. Phase 1: Data Retrieval

The data had been taken from the Web of Science (WoS) database, as it offered the
strongest publication coverage. The ISI only indexes quality sources within the scope of the
WoS database. WoS further offers the most pertinent metadata for scientometrics analysis
and reliably presents detailed, formatted, full citation record information [21].

Research Limitation

While the search strategy retrieved 6153 peer-reviewed publications from the Web
of Science Core Collection (SCI-Expanded, SSCI, A&HCI), it is important to acknowledge
certain limitations. Notably, critical infrastructures such as SWIFT (Society for Worldwide
Interbank Financial Telecommunications)—despite their centrality in global e-payment
systems—are largely absent from the retrieved dataset. This is because SWIFT is more
commonly discussed in industry white papers, government reports, technical manuals, and
geopolitical policy documents, rather than in academic journal articles indexed by WoS.
Moreover, terms like “SWIFT” or “interbank settlement” rarely co-occur with the search
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strings used (e.g., “digital payment,” “blockchain,” “Al”). This limitation reflects a broader
challenge in bibliometric studies: the underrepresentation of practical infrastructure and
regulatory content that falls outside traditional academic publishing.

3.2. Phase 2: Pre-Processing

We limit our search results to English-language publications, including journal articles
(including early access), proceeding articles, and book chapters. The reason to include
proceedings and book chapters is that sometimes, book chapters provide theoretical under-
pinnings of the technology domain, and the proceeding papers are considered the starting
point for new research when authors sometimes publish the beginning of their research
in novel technologies in conferences to secure the idea. After obtaining the results, we
performed the scientometrics analysis using Biblimetrix R package(v4.2.1).

Our search query resulted in 6153 unique documents from 1742 sources, and the brief
information of the data obtained is provided in Table 2. The WoS database has an export
limitation of 500 records at one time. Therefore, we export our results from the WoS web
interface in various export queries in plain text format and with full citation records. After
obtaining the plain text files of our search result records, we merged them for import in the
Bibliometrix interface for analysis.

3.3. Phase 3: Bibliometric Analysis

We import the plain text record into the Biblimetrix R package web interface using
the Biblioshiny package. The results thus obtained are analyzed and explained in further
sections. After performing the network analysis, we also analyzed the top-cited papers for
a systematic literature review.

3.3.1. Analytical Techniques and Tools

To systematically map the intellectual, thematic, and conceptual structure of e-payment
technology convergence, we implemented a comprehensive bibliometric workflow using
the Biblimetrix R package(v4.2.1) and complementary tools.

3.3.2. Keyword Co-Occurrence and Thematic Mapping

We first applied coWordAnalysis() and networkPlot() functions to construct a co-
occurrence matrix based on author keywords. Keywords appearing at least 10 times were
retained to ensure thematic significance. Clustering was conducted using the Louvain
algorithm, which maximizes modularity and detects cohesive thematic communities within
the keyword network.

Subsequently, the thematicMap() function was used to categorize topics into four
strategic quadrants—Motor Themes, Basic Themes, Niche Themes, and Emerging or De-
clining Themes—using normalized axes of centrality (relevance) and density (development).
Thresholds were as follows:

Motor Themes: centrality > 0.5, density > 0.5;

Basic Themes: centrality > 0.5, density < 0.5;

Niche Themes: centrality < 0.5, density > 0.5;

Emerging/Declining Themes: centrality < 0.5, density < 0.5.

3.3.3. Co-Citation Network Analysis

Using biblioNetwork() and networkPlot() functions, we created a co-citation matrix to
identify foundational intellectual structures. Nodes represent cited references, with size
being proportional to citation frequency, while edge weight denotes co-citation strength.
Centrality metrics—degree, betweenness, and closeness—were calculated to interpret
influence and network position of key publications.
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3.3.4. Country—Affiliation-Keyword Linkage (Sankey Diagram)

The threeFieldsPlot() function visualized tripartite relationships among countries,
institutions, and keywords via a Sankey diagram. This allowed for exploration of global
research flows and keyword concentration by geography and institutional affiliation.

3.3.5. Systematic Review Article Selection

To complement quantitative network analysis with deeper conceptual insights, we
conducted a systematic literature review of the top-cited works.

Fifty documents were selected based on Total Citations per Year (TC_per_Year) to
minimize temporal bias and reflect consistent impact. Titles and abstracts were manually
coded by two independent researchers using a structured protocol capturing;

Technological domain (AI, blockchain, NFC, etc.);

Theoretical framework (e.g., TAM, UTAUT, trust-based models);

Sectoral application (e.g., banking, retail, mobile platforms).

Inter-rater reliability was high, with Cohen’s Kappa = 0.84, and discrepancies were
resolved through iterative discussion. This qualitative triangulation ensured robust align-
ment between bibliometric structures and conceptual content.

3.3.6. PSoftware Environment and Parameters

The following R packages were used: bibliometrix v4.2.1 for bibliometric processing,
igraph v1.5.1 for network clustering, ggplot2, dplyr, stringr, and tm for visualization and
text handling, and networkD3 for Sankey diagram generation.

By integrating structured bibliometric methods with transparent parameterization
and rigorous validation, this study ensures methodological reproducibility and analytical
robustness. The framework enables both macro-level mapping of scholarly discourse
and micro-level insights into theoretical and practical developments within the evolving
e-payment technology landscape.

4. Result Analysis
4.1. Descriptive Analysis

Table 3 summarizes bibliometric data from a search on e-payment topics, as retrieved
from the Web of Science database, from 1990 to 2024. The search yielded 6153 documents
from 1742 sources, such as journals and books. These documents are characterized by an
annual growth rate of 8.69%, indicating a steady increase in publications on this subject over
the years. The average age of these documents is roughly 11 years, and each document has
been cited 31.8 times, which shows their relevance and impact on the academic community.

A total of 184,433 references have been used across all documents, signifying extensive
research and a rich network of related work. There are 4225 “Keywords Plus” and 12,967
“Author’s Keywords” listed, which are terms associated with e-payment and used to index
and retrieve relevant documents.

Regarding authorship, there are 12,971 authors involved, with 881 of them having
written single-authored documents. The data also indicate that, on average, there are
about 2.88 co-authors per document, suggesting a moderate level of collaboration. Notably,
24.15% of the documents feature international co-authorships, which highlights the global
collaboration in the field of e-payment research.
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Table 3. Data description.

Description Results
Obtained Data Metrics
Timespan 1990:2024
Sources (Journals, Books, etc.) 1742
Documents 6153
Annual Growth Rate, % 8.69
Document Average Age 10.9
Average Citations per Doc 31.8
References 184,433
Document Contents
Keywords Plus (ID) 4225
Author’s Keywords (DE) 12,967
AUTHORS
Authors 12,971
Authors of Single-Authored Docs 881
Authors Metrics
Single-Authored Docs 1021
Co-Authors per Doc 2.88
International Co-Authorships, % 24.15

Figure 2 and Table 4 show the flow of research efforts from different countries to their
respective academic institutions and subsequently to the key topics or keywords that are
prevalent in their research papers. Identifying key players in the e-payment technological
landscape, such as potential collaborators or emerging research trends, is essential. On the
leftmost side, countries are ranked vertically, with the thickness of the horizontal bands
representing the volume of e-payment research associated with each country. The United
States (USA) has the thickest band, suggesting it contributes the largest volume of research
in e-payment technology. Other countries like China, India, Korea, Germany, Canada,
Malaysia, Australia, and the United Kingdom contribute, but to a lesser extent, as indicated
by the thinner bands. The middle section lists the institutions, such as the State University
System of Florida, the University of Texas System, the Chinese Academy of Sciences, the
Indian Institute of Management, and others. Each institution has bands originating from
one or multiple countries, illustrating the global collaboration or the distribution of research
work across geographical boundaries. The width of these bands suggests the quantity of
research output from each institution. For example, a broad band connecting the USA
to the State University System of Florida implies that a significant amount of the USA’s
research in e-payment technology is concentrated in that system.

On the rightmost side, keywords are displayed, highlighting the research papers’
focus areas. The size of the boxes and the connecting bands to the institutions reveal the
prominence and frequency of each keyword in the institution’s research. For instance,
“electronic commerce” may have multiple thick bands connecting to it from different
institutions, indicating that it is a major area of focus within e-payment research across these

7o oA

institutions. Other keywords like “trust,” “model,” “adoption,” “information technology,”

“impact,” “user acceptance,” “internet,” “technology,” and “acceptance” represent specific

themes or topics that are being actively explored in the e-payment technology research.



Appl. Syst. Innov. 2025, 8, 91

9 of 26

china

india

e = — S = -
==australla = B

=3paihe

mmUinited:kingdom

’5:3\& universitysystem of florida electronic commerce

AN ~ trust

{University of:texas system

|city, university-of-hongikong =7~

/

University of california sysfem
2
~ -

california state;uriiversity system

fUniversity system of maryland

Figure 2. Sankey diagram correlations with country, affiliation, and keywords.

Table 4. Sankey diagram correlations with country, affiliation, and keywords.

technology.

—————acceptancey

Country Affiliation Keywords (Connected Themes)

USA State University System of Florida electronic commerce, trust, model
University of Texas System model, adoption, impact
University System of Georgia trust, model, user acceptance
University of California System internet, technology, adoption
University System of Maryland acceptance, internet

China Chinese Academy of Sciences electronic commerce, technology
City University of Hong Kong information technology, model

India Indian Institute of Management (IIM System) trust, adoption, impact
University System of Ohio impact, acceptance

UK University System of Georgia user acceptance, trust

Hong Kong City University of Hong Kong internet, adoption

Korea University of California System technology, user acceptance

Canada University of Texas System model, trust

Malaysia California State University System impact, technology

Australia University System of Maryland acceptance, user acceptance

Spain Unknown Spanish institution trust, model, impact

United Kingdom University System of the United Kingdom electronic commerce, adoption, user acceptance

The flow of the diagram indicates the research volume and the connections between

the place of research and the content. This shows trends, such as if a particular country’s

institutions focus heavily on a certain aspect of e-payment or if a topic is of global interest,

signified by multiple countries’ institutions connecting to the same keyword.

Figure 3 shows the annual scientific production, specifically the number of research

papers related to e-payment technology, over more than three decades from 1990 to 2024.
The periods can be divided into four stages. From the early 1990s to the late 2000s, the
number of e-payment research articles was quite low, starting close to a few articles and
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Articles

gradually increasing. This suggests that e-payment was either a nascent field or not a focus
of significant research at the time. A modest rise in articles from the late 2000s to the early
2010s indicates a growing interest in e-payment technology research. This could correspond
with the broader adoption of the Internet and the beginning of online commerce during this
period. There is a slight dip in the research articles in early 2010, whereas the period from
the mid-2010s to early 2020s shows a sharp increase in research papers, which indicates a
booming interest and possibly advancements in the field of e-payment technology. This
period might align with the introduction of new technologies, increased e-commerce,
and a shift towards mobile payments and digital wallets. Further, there is a very steep
rise, reaching the chart’s peak around 2022 and 2023. This reflects a surge in e-payment
solutions and research due to factors like the COVID-19 pandemic, which accelerated the
move towards contactless payments and heightened interest in digital financial solutions.

1990

1994
1996
1998
2000
2002
200
2006
2008
2010
0
2014
2016
0.
2020
2022
2024

Year

Figure 3. Annual scientific production of research articles focused on e-payment technology.

Figure 4 represents various academic journals and their respective contributions to
the field of e-payment technology, as measured by the number of documents or papers
published. The vertical axis lists the names of the journals, which range from special-
ized publications like Electronic Commerce Research and Applications to broader journals
like Sustainability and IEEE Access. The horizontal axis represents the number of docu-
ments published, providing a quantitative measure of each journal’s output in the area of
e-payment. The size of the bubble for each journal correlates with the number of documents
published—the larger the bubble, the greater the number of publications. Decision Support
Systems appears to be the leading source, with the highest number of documents, followed
by Internet Research and Industrial Management and Data Systems. These journals strongly
focus on the technological and managerial aspects of e-payment systems. Electronic Com-
merce Research and the Journal of Organizational Computing and Electronic Commerce are more
specialized. Still, they also make notable contributions to the field, as indicated by the size
of their publications.
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Figure 4. Most relevant sources.

Figure 5a,b depict the prevalence and intensity of various research topics in e-payment
technology from 1990 to 2008. It illustrates the topics of interest and how these interests
have changed over time, reflecting the technological advancements and shifts in the digital
economy. Here is a detailed interpretation with relevance to the periods:

Early 1990s: Topics such as “computer” and “language” appear early on, which likely
correlates with the foundational research in computer science and programming languages
necessary to develop the first digital payment systems.

Mid to Late 1990s: The emergence of the “World-Wide Web” as a research topic
is in line with the public adoption of the internet during this period. The internet’s
rapid expansion provided a platform for online transactions and thus became a focus
for e-payment research. “EDI” (Electronic Data Interchange) had a spike in research
interest, which fits the timeline wherein businesses were adopting this technology for B2B
transactions before the advent of modern internet-based e-payment systems. “Sales tax”
research peaked, likely in response to the emergence of e-commerce and the resulting legal
and economic discussions about how to apply traditional taxation to online sales.

Early 2000s: “Electronic marketplaces” see a rise, corresponding with the dot-com
bubble where numerous online marketplaces emerged and significant interest was in un-
derstanding and optimizing e-commerce platforms. “Internet commerce” peaks in research
interest, aligning with the growth of e-commerce and the need for secure, efficient online
payment methods. “Information technology” remains a steady area of focus, supporting
the backbone of e-payment solutions as they become more sophisticated.

Mid 2000s: “Business value” becomes a significant topic. As e-payment technologies
matured and their adoption increased, there was a growing need to assess their impact on
business performance and consumer behavior. “Sites” and “issues” related to e-commerce
and e-payments gain attention, possibly due to the increasing complexity of online transac-
tions and the challenges faced such as fraud, security, and privacy.

Late 2000s: “Organizations” and “constructs” suggest a shift towards understanding
the strategic and structural aspects of e-payments within organizations, indicating a move
from technical to more organizational and managerial aspects of e-payment systems. The
term “environments” suggests broadening research to include the ecosystems in which
e-payments operate, including regulatory, economic, and technological environments.
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Figure 5. (a) Trend topics: 1990-2008. (b) Trend topics: 2008-2024.

Throughout the timeline in Figure 5a, the fluctuating size of the topics suggests the
changing intensity of research activity. This analysis captures the evolution of e-payment
technology research as it transitions from foundational technological issues to more complex
socioeconomic and organizational concerns. The size and timing of the bubbles reflect
the historical context of e-payment evolution, such as the internet becoming mainstream,
the establishment of online businesses, and the development of legal frameworks for
online transactions.

2008-2010 (Early Years): “Mobile payment” starts to appear, which likely corresponds
with the advent of smartphones and the beginning of mobile payment solutions.

“E-commerce” and “Consumer web use” reflect the ongoing growth of online shop-
ping and the need for secure payment methods.
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2011-2013 (Expansion Period): “Social media” and “Information systems performance”
suggest an exploration of social platforms as marketplaces and the efficiency of informa-
tion systems supporting e-payments. “Internet management” becomes more prominent,
possibly due to the increasing complexity and scale of online transactions.

2014-2016 (Consolidation and Growth): “User acceptance” and “Trust” gain focus,
indicating a concern with the adoption of e-payment systems and the need for building trust
in digital transactions. “Online behavior” and “Service innovation” trends suggest a shift
toward understanding user interactions and the introduction of novel e-payment services.

2017-2019 (Technological Advancements): “Fintech” emerges, reflecting the rise of
technology-driven financial services and a shift in how consumers and businesses interact
with finances. “Blockchain” research increases, aligning with the interest in cryptocurren-
cies and secure, decentralized ledger systems.

2020-2022 (Pandemic and Beyond): A significant spike in “COVID-19”-related research
shows the pandemic’s impact on e-payments, likely due to the increased need for contactless
payments and digital financial solutions. “Higher education” possibly indicates a focus
on e-payments in the context of online education platforms, which saw a surge due to
remote learning.

2023-2024 (Latest Trends): “Mobile payment acceptance” and “Continuance intention”
suggest a research focus on the long-term use and integration of mobile payments in
daily transactions.

“P2P (peer-to-peer) systems” indicates a sustained interest in decentralized financial
transactions.

Throughout the timeline in the current trends in Figure 5b, we see an evolution from
basic e-commerce and web usage topics to more sophisticated concepts such as blockchain
and fintech. This shift mirrors the broader digital transformation in society, with a move
towards integrated, user-focused, and secure e-payment solutions. The timeline also reflects
the impact of global events (like the COVID-19 pandemic) on research directions and the
increasing importance of mobile platforms in financial transactions.

In summary, this analysis encapsulates the dynamic nature of e-payment research,
highlighting how global events, technological advancements, and shifts in consumer be-
havior shape academic focus. The progression from foundational technologies to complex
systems and the recent emphasis on mobile and P2P systems underscores the rapid innova-
tion and adaptation within the field, signaling a future where e-payments could become
even more seamless and integrated into everyday life.

4.2. Network Analysis
4.2.1. Co-Occurrence Network

The keyword co-occurrence network in Figure 6 and Table 5 depicts the interconnected
nature of various research themes in the evolution of e-payment technology. This section
delves into each cluster and highlights their significance in the context of e-payment
technology convergence.

Adoption and Behavioral Intentions (Blue cluster):

This cluster captures the essence of technological acceptance models (TAM), which
are crucial for understanding how users accept and use e-payment systems. Terms like

"o

“perceived usefulness,” “continuance intention,” and “adoption” reflect the psychological
and social factors that drive or hinder the adoption of e-payments. “Mobile payment” and
“e-payment” highlight a shift towards mobile-driven transactions, a significant trend in
e-payment evolution, accommodating the rise of smartphones. The inclusion of “COVID-

19” signifies a pivotal moment in e-payment history, where the pandemic forced a swift
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move towards contactless and mobile payments, bypassing traditional cash transactions
for health and safety reasons.
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Figure 6. Co-occurrence network.

Table 5. Co-occurrence network.

Cluster Theme

Keyword

Blockchain and Security

anonymity, authentication, blockchain, cryptography, privacy, security

E-commerce and Consumer Behavior

consumer behavior, consumer trust, customer satisfaction, data mining,
e-commerce, electronic commerce, information technology, online
shopping, recommender systems, service quality, social commerce,
social media, supply chain management

Peripheral Themes digital payment, financial inclusion, fintech
adoption, behavioral intention, China, COVID-19, e-payment, intention
Technology Adoption to use, mobile commerce, mobile payment, perceived usefulness,

purchase intention, satisfaction, structural equation modeling, tam,
technology acceptance, technology adoption, trust, UTAUT

E-Commerce and Market Dynamics (Red Cluster):

The focus on “e-commerce” and “online shopping” indicates the environment in which
e-payment technology has flourished. As consumers increasingly turned to online plat-
forms for purchasing, e-payment systems had to evolve to meet these demands efficiently
and conveniently. “Consumer behavior” reflects the central role that user preferences and
habits play in shaping e-payment technologies. Understanding these behaviors is essential
for designing user-friendly payment systems. “Social commerce” and “social media” point
to the recent trend of purchases being made directly through social platforms, necessitating
integrated e-payment solutions working seamlessly within these networks.

Security, Trust, and Technology (Green Cluster):

Security is paramount in the evolution of e-payment technologies. Terms like “se-
curity,” “privacy,” “trust,” “blockchain,” and “cryptography” underscore the ongoing
arms race between payment security measures and the sophistication of cyber threats.
“Blockchain” technology has been a game-changer in this evolution, offering decentral-
ized and transparent transaction mechanisms that could potentially revolutionize how
e-payments are conducted and recorded. “Trust” is both a result of and a prerequisite for
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Development degree

(Density)

classical messages

effective security measures. As e-payment technologies become more secure, they earn
greater trust from users, which, in turn, drives wider adoption.

Data Analytics and Personalization (Orange Cluster):

i 7

The emergence of “data mining,” “machine learning,” and “recommender systems”
speaks to the increasingly personalized nature of e-commerce, where e-payment systems
must integrate with back-end analytics to provide tailored purchasing experiences. This
trend has significant implications for the evolution of e-payments. As systems become
more data-driven, the ability to offer personalized discounts, loyalty rewards, and targeted
marketing can increase e-commerce conversion rates. “Information technology” remains
the backbone of this evolution, supporting the complex data architectures required for
modern e-payment systems and the infrastructure needed to handle vast amounts of
transaction data.

Together, the co-occurrence network illustrates the broad spectrum of factors influ-
encing the development of e-payment technologies. From the early days of simple online
transactions to the current landscape featuring mobile payments, sophisticated security
protocols, and data-driven personalization, the evolution of e-payment technology has
been both rapid and responsive to changes in consumer behavior, security threats, and
technological advancements. This network thus encapsulates the historical and predicted
future trajectories of e-payment systems as they adapt to an increasingly digital and inter-
connected global marketplace.

4.2.2. Thematic Analysis

The thematic map shown in Figure 7 and Table 6 is divided into four quadrants,
each representing a different status of research themes within the context of e-payment
technology evolution.
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Figure 7. Thematic map—four quadrants (Basic Themes, Motor Themes, Niche Themes, Emerg-
ing/Declining Themes).
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Table 6. Thematic map—four quadrants (Basic Themes, Motor Themes, Niche Themes, Emerg-

ing/Declining Themes).
Quadrant Theme Description Keywords/Topics
Core research driving e-payment crvptography, trust. e-business
Motor Themes field such as trust, cryptography, and YPro&Taphy, ’ ’

electronic commerce
e-commerce [28-31]

Basic Themes

Foundational topics in digital
security such as authentication and
digital signature [16,17,32]

security, authentication, digital
signature

Specialized and advanced areas like

Niche Themes cryptanalysis, studied in depth but cryptanalysis, classical messages
less central [18,33]
New or fading topics including . L .
. .. L 2 algorithm optimization, signature
Emerging or Declining Themes optimization and legacy verification

methods [20,34] schemes

Upper Left Quadrant—"Niche Themes”:

These are topics that have a high development degree but low centrality. They are
well-developed and mature in their research lifecycle but are currently specialized and not
central to the field of e-payment. Examples might include advanced or highly specialized
topics like “cryptanalysis” or “classical messages” that are important within their own
subfields but do not currently influence the core of e-payment research.

Upper Right Quadrant—“Motor Themes”:

These themes are well-developed and have high centrality, meaning they are mature
and influential within the field. They drive the research agenda and are fundamental to the
current understanding and advancement of e-payment technologies. Here, we find topics

"o Iy

like “cryptography,” “trust,” “e-business,” and “electronic commerce,” which are key areas

of focus that push the field forward.
Lower Right Quadrant—“Basic Themes”:

These themes have low developmental degree but high centrality. They are central
to the field and form the foundational concepts of e-payment research, even though they
may not be at the forefront of current research development. Fundamental concepts such

i

as “security,” “authentication,” and “digital signature” protocols are located here. These

are the building blocks upon which more complex systems and ideas are developed.
Lower Left Quadrant—"Emerging or Declining Themes”:

These topics have low centrality and are at the early or declining stages of their
development degree. They might be areas that are just beginning to be explored within e-
payment research or once were of interest but are now losing relevance due to technological
advancement or shifts in research focus. Topics such as “algorithm optimization” might
be emerging, reflecting new methods to enhance e-payment processing, while “signature
schemes” might decline as newer verification and validation forms are developed.

In terms of the evolution of e-payment technology, this map provides a snapshot of
how different concepts have evolved and their current standing in the research landscape.
“Motor Themes” like “cryptography” have evolved to become essential, driving the security
aspect of e-payment systems. “Basic Themes” like “security” represent the fundamental
concerns that have always been central to the field. “Niche Themes” could represent areas
like “cryptanalysis” which are critical to understanding and developing secure e-payment
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systems but are highly specialized. Lastly, “Emerging or Declining Themes” are those that
represent the dynamic and changing nature of e-payment technology research, with new
ideas coming to the fore and older ones becoming less relevant.

Figure 8 provides the factorial analysis to identify clusters of closely related variables
in e-payment technology convergence. This analysis can reduce the dimensionality of data
by identifying the underlying relationships between different themes. In the context of the
evolution of e-payment technology, each cluster represents a group of interrelated topics
that can be interpreted in terms of their dimensional value, which indicates their influence
or importance in the analysis.
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Figure 8. Factorial analysis.

Cluster 1 (Red Cluster): This cluster is characterized by terms that are related to
the customer experience and service quality aspects of e-payment technology, such as

e e

“consumer trust,” “loyalty,” “satisfaction,” “quality,” and “service quality.” The dimensional
values, represented by Dimensions 1 and 2 on the axes, show the degree of variance each
dimension explains in the dataset. For instance, the value of 58.11% for Dimension 1
indicates that this dimension accounts for most of the variance in the data for this cluster.
The significance of this cluster lies in its focus on the subjective experience of the consumer
using e-payment technology. Factors such as trust, satisfaction, and quality are crucial for
adopting and continuing the use of e-payment systems. The high percentage in Dimension
1 suggests that these aspects are highly influential in e-payment research and development.

Cluster 2 (Blue Cluster): On the right side, we have a cluster that focuses on the
adoption and theoretical framework of e-payment systems, with terms like “technology
acceptance model,” “user acceptance,” “information technology,” “banking,” and “behav-
ioral intention.” The placement of these terms along the two dimensions indicates their
relative importance in explaining the data variance. These terms are more related to the
theoretical and practical understanding of how and why consumers and businesses adopt
e-payment technologies.

The significance here is in understanding the factors that drive the adoption of e-
payment technology. Models such as the Technology Acceptance Model (TAM) and the
Unified Theory of Acceptance and Use of Technology (UTAUT) are foundational to this
understanding. These factors are essential for guiding the design, implementation, and
improvement of e-payment systems to enhance user acceptance and usage.

Together, these clusters and their dimensional values highlight two critical aspects of
e-payment technology evolution: the user experience and the theoretical understanding
of technology adoption. The user experience is key for customer retention and loyalty,

while understanding the factors that drive adoption is essential for the initial acceptance of
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e-payment technologies. The factorial analysis demonstrates the interplay between these
aspects and their combined influence on the direction and focus of e-payment technology
development and research.

4.2.3. Citation Network

Figure 9 shows the co-citation network of the obtained results (Figure 9a) and cita-
tion network density (Figure 9b). The co-citation network obtained is divided into three
prominent clusters described further in this section.
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Figure 9. (a) Co-citation network plot. (b) Co-citation density plot. [28-30,32,35-47].

Cluster 1: Trust, Technology Acceptance, and Risk Perception in E-Commerce

The research conducted in this cluster emphasizes the intricate balance between
technological ease of use, perceived usefulness, and the relational dynamics between
buyers and sellers, mediated by trust and perceived risks. This theme is dissected through
various lenses, including the Technology Acceptance Model (TAM), trust theories, and
the perceived risk associated with online transactions. These papers collectively illustrate
that trust significantly influences consumer willingness to engage in online shopping and
electronic commerce, their perceptions of the technology’s usefulness and ease of use, and
their assessment of the risks involved in online transactions. Methodologically, these studies
employ a variety of approaches, including empirical research, structural equation modeling,
surveys, and data analysis, to validate their hypotheses and models. These methods
allow for a rigorous examination of the relationships between trust, perceived usefulness,
perceived ease of use, and perceived risk. The findings underscore the complexity of
online consumer behavior, revealing that trust and perceived risk are as crucial as the
“perceived usefulness” and the ease of use of e-commerce platforms. Integrating the TAM
with constructs of trust and perceived risk addresses a significant research gap, highlighting
the need for a holistic understanding of the factors influencing e-commerce acceptance
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and participation. The synthesis of these papers offers a comprehensive exploration of the
dynamics at play in e-commerce settings. It emphasizes the necessity of a multi-dimensional
approach that considers technological, psychological, and relational factors to understand
and foster online consumer engagement fully.

Cluster 2: Integrating Technology Acceptance and User Behavior

The central theme revolves around the Technology Acceptance Model (TAM), per-
ceived risk, user trust, and their impact on the adoption of technologies and services,
especially in the context of e-commerce and online transactions. These studies explore
various dimensions of technology acceptance, integrating psychological and behavioral
aspects such as trust, perceived ease of use, and perceived usefulness, alongside the risk
perceptions associated with adopting new technologies. The methodologies used across
these studies range from empirical analyses and structural equation modelling (SEM) to
surveys and data analysis, emphasizing the multifaceted nature of technology acceptance
and the need to consider both the positive and negative utilities that influence user behavior.
The research collectively addresses gaps in our understanding of the complex interplay
between user perceptions, trust mechanisms, and their implications for technology adop-
tion, offering insights into how perceived risks can be mitigated and trust can be enhanced
to promote the greater acceptance and usage of technological innovations. The research
underscores the importance of trust and perceived risk in the technology acceptance pro-
cess, advocating for a comprehensive approach that integrates these factors with traditional
TAM constructs.

Cluster 3: Trust, Security, and Sociocultural Perspectives

The collection of papers on mobile payment technologies presents a comprehensive
examination of the multifaceted factors influencing consumer adoption, usage, and the
evolution of mobile payment systems. At the core, these studies navigate the interplay of
technological, psychological, and sociocultural dimensions that shape user perceptions
and behaviors toward mobile payments. A common methodological approach across
these papers is structural equation modeling (SEM), a powerful statistical technique that
analyzes complex relationships between observed and latent variables. This approach
is instrumental in unpacking the nuanced influences on consumer adoption and use of
mobile payment services. Through SEM, researchers have validated theoretical models
incorporating various factors, including perceived ease of use, usefulness, trust, security
perceptions, and the impact of social influence. Trust and security emerge as central themes,
underscoring their pivotal role in accepting and adopting mobile payment technologies.
These papers collectively argue that trust in the technology and the provider is paramount
for users to feel comfortable engaging in mobile transactions. Security concerns, particu-
larly related to personal and financial data, significantly affect user willingness to adopt
mobile payments. Addressing these concerns through robust security measures and clear
communication about privacy protections is essential for fostering trust and encouraging
wider adoption. Cultural and social factors also play a critical role, as highlighted by the
studies’ findings on the impact of social influence and cultural values on technology adop-
tion. The research indicates that individual decisions about mobile payment usage are not
made in isolation but are influenced by the behaviors and attitudes of peers, the perceived
norm within one’s social circle, and broader cultural attitudes towards technology and
financial transactions. This suggests that mobile payment providers consider these social
dynamics in their strategies, potentially leveraging social networks to enhance adoption
and acceptance. Furthermore, the papers point to the importance of user experience, in-
cluding ease of use and the compatibility of mobile payment systems with users’ lifestyles
and existing payment habits. Mobile payments” convenience and added value, such as
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reducing transaction times or providing integration with other services, are significant
factors in user adoption decisions. The literature presents a detailed landscape of mobile
payment adoption, underpinned by a complex web of factors that include trust, security,
social influence, cultural values, and technological attributes. The methodological rigor of
these studies, particularly SEM, provides a solid foundation for understanding the intricate
dynamics at play. As mobile payment technologies continue to evolve, this body of work
offers valuable insights for academics and practitioners in designing user-centric payment
solutions that address potential users’ multifaceted needs and concerns. Future research
directions include exploring emerging technologies, deeper dives into cultural and social
influences across different regions, and the long-term impacts of mobile payment adoption
on consumer behavior and financial systems.

4.2.4. Most-Posted Papers

The most-cited research in the domain of e-payment is observed to examine the key
factors influencing consumer decisions to adopt e-payment systems, such as perceived ease
of use, usefulness, trust, and security concerns. The studies also delve into the technological
aspects of e-payment systems, discussing the innovations that have made them more secure,
user-friendly, and widely accessible. Additionally, the research highlights the importance
of understanding consumer behavior and preferences in developing and implementing e-
payment solutions. Table 7 presents the top-contributing journals in the field of e-payment
technology research, based on the total number of peer-reviewed journal articles.

Table 7. Top 10 cited publications.

Themes Year LCS GCS
User Acceptance; Trustworthiness; Determinants; Price 2003 448 2165 2

Paper Cluster

Pavlou Pavlou [28]

Online; Internet; Determinants; Management;
Reputation; Trustworthiness; Orientation; Cooperation; 2008 387 1677 2
Familiarity; Behavior

Kim, Ferrin and Rao
[32]

Tacovou et al. Iacovou,

etal. [48] Influence Strategies; Channels; Systems 1995 106 1157 1

Kim et al. Kim, et al.

Individual-Differences; Perceived Ease; E-Commerce;

[49] Technology; Acceptance; Adoption; Model; 2010 211 604 2
Innovativeness
Schierz. et al. Schierz Information-Technology; User Acceptance; Perceived
. o 1 Ease; Meta-Analysis; Model; Antecedents; Adoption; 2010 219 582 2
Schilke and Wirtz [46] . .
Perceptions; Intentions; Commerce
Oliveira, Thomas, Information-Technology; User Acceptance; Consumer
Baptista and Campos  Adoption; Personal Innovativeness; Unified Theory; 2016 228 565 2
[47] Credit Card; M-Pay; Banking; Cooperation; Models
Belanger, Hiller and s .
Smith [31] Trust; Satisfaction 2002 112 543 2
Grandon and Information-Systems; Edi Adoption; Technology; Model;
PearsonGrandon and ystems; ption; 8Ys 2004 101 506 1
Management; Decisions; Intention
Pearson [50]
Information-Systems Success; E-Commerce; Consumer
ZhouZhou [30] Adoption; Trust; Flow; Quality; Satisfaction; 2013 171 488 2
Antecedents; Model; Integration
Mallat Mallat [51] Innovation Characteristics; Technology Adoption; 2007 148 427 2

Acceptance; Internet; Commerce; Context; Trust

One significant contribution of the research is developing and testing theoretical mod-

els that explain adopting e-payment systems. These models integrate constructs from
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established theories, such as the Technology Acceptance Model (TAM) and the Theory
of Planned Behavior (TPB), with factors specific to e-payments, such as mobile payment
knowledge and system characteristics like mobility and reachability. These research find-
ings advance academic knowledge and offer practical implications for businesses and
policymakers. The implications of these studies suggest strategies for enhancing the adop-
tion of e-payment systems, improving consumer trust and satisfaction, and addressing the
technological challenges associated with these systems. Overall, the research presented in
these papers is crucial for understanding the dynamics of e-payment systems, driving their
evolution, and ensuring their alignment with user needs and technological advancements.

5. Discussion and Conclusions

This chapter synthesizes and interprets the analytical findings from Chapter 4 to
provide insights into how the e-payment research domain has evolved, which conceptual
and technological elements have converged over time, and what this implies for the
theoretical and practical understanding of digital transaction systems.

5.1. Convergence of Technologies as Reflected in Thematic Evolution

The bibliometric evidence reveals a clear convergence of technologies such as mo-
bile payment systems, blockchain, artificial intelligence (Al), and cybersecurity within the
e-payment research landscape. Rather than developing in isolation, these technologies fre-
quently co-occur in keyword networks and thematic clusters (Figures 6 and 7), illustrating
a co-evolutionary trajectory.

e

This convergence is particularly evident in the rise of themes like “trust,” “security,”
“blockchain,” and “mobile payment,” which have transitioned from peripheral to central
positions in the thematic map over time. These now-core “motor themes”—including
cryptography, trust, and e-business—demonstrate not only technical sophistication but
also a deep embedding within broader social and behavioral contexts. This shift reflects
a transition from technology-push models to sociotechnical integration, consistent with
contemporary theories of innovation convergence.

The longitudinal evolution of research topics—from foundational keywords such as
“EDI” and “language” in the 1990s to more recent terms like “Fintech,” “P2P systems,” and
“COVID-19” in the 2020s (Figure 5a,b)—further highlights the transformation of e-payment
from a simple transaction mechanism to a complex digital infrastructure encompassing
security, user behavior, and business innovation.

The integration of blockchain, Al, NFC, and mobile technologies in modern e-payment
systems signals a paradigm shift in the fintech landscape and offers fertile ground for theo-
retical advancement. This study contributes to the theoretical foundations of digital finance
and innovation by showing how technological convergence can resolve long-standing
challenges in e-payments—particularly in security, privacy, and operational efficiency.

By combining decentralized ledgers, intelligent fraud detection algorithms, and seam-
less contactless interfaces, convergent technologies not only enhance technical functionality
but also improve user experience. Furthermore, the research addresses critical theoretical
dimensions of interoperability—an essential condition for achieving universal access to
digital financial services—and considers the tension between regulatory compliance and
innovation, especially in contexts demanding consumer protection.

This study advances interdisciplinary understanding by integrating perspectives from
information systems, cybersecurity, and behavioral finance, offering a robust theoretical
lens for exploring how converging technologies shape the future of financial services. In
doing so, it also opens new avenues for investigating broader societal impacts—such as the
digital divide and financial inclusion—in an increasingly interconnected world.
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Ultimately, this research enriches existing knowledge and sets the stage for future
theoretical inquiries into the dynamic interplay between technological convergence and
societal transformation in the digital economy.

5.2. Theoretical Integration: From Technology Adoption to Trust in a Converging Ecosystem

The co-citation and factorial analyses (Figure 9) reveal that traditional Technology
Acceptance Models (TAM, UTAUT) have evolved into more expansive frameworks that
integrate trust, risk perception, and security—particularly in the context of mobile and
decentralized platforms. These findings support and extend prior works (e.g., [28,29]),
highlighting the increasing importance of multi-dimensional trust and contextual security
in influencing user adoption.

The factorial analysis further distinguishes two interrelated drivers of e-payment
adoption:

(1) User perception—trust, satisfaction, loyalty;
(2) System acceptance—ease of use, intention, and infrastructural readiness.

This dual-path structure suggests that technology adoption is no longer a purely cog-
nitive evaluation but is increasingly shaped by affective, behavioral, and contextual factors.
These findings align with post-TAM perspectives and underscore the blurring boundaries
between technical design and user psychology, particularly in a globally interconnected
financial environment.

5.3. Theoretical Contributions and Conceptual Integration

This study makes several key contributions to the theory of digital finance and biblio-
metric analysis: it demonstrates how topic evolution analysis can track not only emerging
technologies but also the integration of once-separate research streams (e.g., TAM x trust
X security); it reveals how macro-level trends (e.g., publication growth, institutional ex-
pansion) intersect with micro-level conceptual shifts, particularly around user experience
and system design; and it confirms the interdisciplinary convergence of behavioral theo-
ries and technological innovations, offering a more integrated lens for understanding the
complexities of digital transaction systems.

This study contributes to the theory of digital finance by proposing the Convergent
Adoption-Trust-Security (CATS) Framework, which synthesizes key findings from the
bibliometric and thematic analyses to explain how technological convergence shapes user
adoption, trust, and platform security in e-payment ecosystems.

The CATS framework builds upon and extends established adoption theories such
as TAM and UTAUT by introducing multi-technology integration, trust mechanisms, and
layered security architectures as central constructs. This integrated model helps explain
how digital trust (e.g., blockchain transparency), Al-driven personalization, and secure
mobile/NFC systems jointly influence user perceptions and technological acceptance. It
also recognizes regulatory responsiveness and governance mechanisms as external systemic
enablers of sustained adoption.

This framework is directly grounded in empirical findings from Section 4:

Convergent Adoption: Keyword co-occurrence (Table 5, Figure 8) and country—
affiliation—keyword linkages (Figure 2) reveal high-frequency and centrality connections
among blockchain, Al, NFC, and mobile technologies, highlighting convergence as a struc-
tural theme in the research domain.

Adoption Models Enhanced: The top-cited literature (Table 7) shows how traditional
models such as TAM and UTAUT are increasingly applied in convergent contexts, empha-
sizing interoperability, real-time service, and system-level coordination.
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Trust Mechanisms: Cluster 2 in Table 5 and centrality measures in Figure 5a,b under-
score the importance of trust, privacy, and usability, confirming their role as conceptual
bridges in multi-technology systems.

Security Architecture: Co-word networks (Figure 9a,b) and the motor theme quadrant
in the thematic map emphasize the integration of security, authentication, biometrics, and
blockchain, validating the security pillar of the CATS model.

By embedding these components within a unified theoretical framework, this study
offers a novel lens to understand both the evolutionary trajectory of digital finance re-
search and the practical architecture of converged e-payment platforms. The CATS
model provides a foundation for future empirical testing and cross-national comparison in
fintech ecosystems.

5.4. Practical Implications and Strategic Recommendations

This research offers a practical roadmap for key stakeholders across the fintech ecosystem.

For financial institutions and developers, the integration of blockchain, AI, NFC, and
mobile technologies can enhance transaction security, fraud detection, and user experience.
Systems emphasizing intuitive design, personalization, and decentralization are more likely
to achieve widespread adoption and long-term engagement.

For policymakers and regulators, findings emphasize the need to craft supportive
yet protective regulatory frameworks that balance innovation with privacy, security, and
consumer protection. Special attention should be given to interoperability standards and
digital financial inclusion, especially in underserved populations.

For consumers and educators, the convergence of advanced technologies in finance
necessitates greater digital literacy, including awareness of privacy risks, secure usage
practices, and the potential of new financial tools. Education and awareness campaigns are
essential to bridging the digital divide.

For global strategy planners, understanding institutional research focus (e.g., blockchain
in China, e-commerce trust in the U.S.) can inform strategic alliances, regulatory align-
ment, or market entry planning in different regions. In this context, it is important to
recognize that while blockchain and decentralized systems are gaining traction, legacy in-
frastructures like SWIFT (Society for Worldwide Interbank Financial Telecommunications)
continue to serve as the global backbone for secure cross-border messaging. Since the 1970s,
SWIFT has connected over 11,000 financial institutions across more than 200 countries,
playing a foundational role in international payment interoperability. As geopolitical events
and digital innovation reshape financial networks, SWIFT’s coexistence with emerging
blockchain-based solutions reflects the hybrid nature of the evolving global e-payment
landscape. Notably, the exclusion of certain Russian banks from SWIFT following the
Ukraine conflict highlights the geopolitical leverage of such centralized systems, under-
scoring the need for resilience, redundancy, and interoperable alternatives in future digital
payment architectures. Although next-generation systems, such as RippleNet, central bank
digital currencies (CBDCs), and blockchain-based settlement layers, are designed to enable
decentralized cross-border transactions, most current infrastructures operate in parallel
with, or as complementary frameworks to, SWIFT. This evolving hybridization represents
a pragmatic transition, wherein SWIFT remains a trusted, globally adopted messaging
layer, while newer technologies enhance flexibility, speed, and inclusiveness within modern
e-payment ecosystems.

5.5. Limitations and Future Research

While this study provides a comprehensive scientometric overview, several limitations
must be acknowledged: (1) Data source limitations: The analysis is based solely on Web of
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Science data, which may omit important regional or industry research (e.g., patents, internal
white papers). (2) Methodological constraints: Static co-citation and co-occurrence analyses
do not fully capture temporal topic dynamics. Future studies could incorporate dynamic
topic modeling (DTM) or temporal BERTopic for greater granularity. (3) Cultural and
contextual variability: Cross-regional differences in adoption behavior, regulatory culture,
and infrastructure were not explicitly modeled but are critical for nuanced understanding.
Future work should compare regional evolution trajectories in Asia, Europe, and the
Global South.

5.6. Conclusions

This study explores the convergence of blockchain, Al, NFC, and mobile technolo-
gies in e-payment systems through a robust combination of descriptive, network, and
evolutionary scientometric analyses. It identifies the conceptual transition from isolated
technological innovations to an integrated, sociotechnical ecosystem—with trust, security,
and usability as core pillars.

The findings reveal that blockchain, artificial intelligence (Al), mobile platforms, and
contactless interfaces (e.g., NFC) have emerged as dominant, interlinked themes within the
e-payment literature. Thematic evolution maps and keyword co-occurrence networks show
that these technologies increasingly co-appear and form core “motor themes,” underscoring
their centrality in driving the digital transformation of payment systems.

This study highlights several opportunities: improved transaction security through
decentralized systems, predictive fraud detection via Al, and enhanced user convenience
through seamless mobile interfaces. However, these benefits are accompanied by critical
challenges—such as the lack of interoperability across systems, data privacy risks, regu-
latory misalignment, and the potential widening of the digital divide. These insights are
supported by the convergence of theoretical models emphasizing trust, security, and risk
perception in e-payment adoption.

By integrating both macro-level patterns and micro-level conceptual linkages, this
study contributes to theoretical development, practical design strategies, and policy formu-
lation in the digital finance domain. It also highlights challenges such as interoperability,
regulatory harmonization, and digital exclusion, calling for multi-disciplinary collaboration
among technologists, economists, and institutional actors to co-create an inclusive, secure,
and user-centered digital finance future.
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