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Abstract: Utilizing nearly 80,000 patent records and over 540,000 patent references from
within China’s banking industry, spanning from 2000 to July 2021, this paper employs
network analysis and the main path method to examine the technological evolution of both
Chinese and global banks. The contributions of this study encompass the comprehensive
collection of 21 years of patent data, the introduction of a distinctive analytical framework
for networks, and addressing a research gap in Chinese banking innovation. The research
delves into the sources of innovation of China’s banking industry, maps its development,
and identifies cutting-edge technologies of the global banking system, with a specific
emphasis on the burgeoning role of blockchain. Additionally, this paper presents a valuable
list of recent global patents identified by the main path algorithm, serving as a valuable
reference for governments and regulatory bodies worldwide.

Keywords: banking industry; technology innovation; patent network analysis; main
path algorithm

1. Introduction
Banks are central to the financial system and have long propelled global economic

development through technological innovation. Banks have traditionally been the main
provider of credit [1]. The monetary and financial services offered by banks hold a domi-
nant position within the financial industry. Specifically, the value added by the banking
sector accounts for 80% of the entire financial industry in China, 50% in the UK and U.S.,
and 60% in Germany. Historically, technological change has driven the digitalization of
banking, leading to significant improvements in credit provision, risk management, and
financial services [2–5], which, in turn, support industries worldwide [6]. Looking ahead,
technological innovation will continue to be a critical force in shaping the future of bank-
ing, enhancing the quality of service and operational efficiency [7,8]. Understanding the
technological evolution of banking is therefore crucial for improving the sector’s efficiency,
guiding investments, and fostering economic impetus.

The banking sector has become a key driver of emerging technologies through sus-
tained technological investment. In the past decade, fintech firms have accelerated banks’
digital transformation, intensifying competition and fostering innovation spillovers [8,9].
In response, banks have significantly increased their technology investments and internal
R&D efforts; in 2023 alone, JPMorgan and Bank of America invested $15.3 billion and
$12 billion in technology, respectively, with the former investment marking a 7% annual
increase and the latter bank holding over 6100 patents.
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Thus, understanding the evolution of banking technology from a technical perspec-
tive is crucial. Analyzing past innovations and revealing how external technological
advancements have shaped the sector can provide valuable insights for policymakers, bank
executives, and developers.

Despite growing interest, the current research on banking technology contains sev-
eral gaps. First, the studies that directly examine technological innovation within banks
themselves are insufficient. The existing literature relies on patents, annual reports, and
other textual data to extract technological variables, applying empirical methods to assess
the impacts of innovations on the performance of banks and broader economic develop-
ment [10–15]. Second, while some research does examine the integration of emerging
technologies through case studies or theoretical models [13,16–21], these qualitative ap-
proaches can limit the generalizability and rigor of the findings [22]. Furthermore, data
scarcity remains a fundamental challenge, as the sources of technological change in banking
are rarely directly identified [7].

Another challenge in assessing banking innovation is the misconception that banks
primarily adopt, rather than develop, technology. In reality, however, banks are significant
innovators in their own right. For example, in 2023, the Chinese banking sector allocated
CNY 69.296 billion to external IT solutions, while the six major state-owned banks alone
invested CNY 122.822 billion in developing internal technology. This stark contrast high-
lights that, although banks purchase external services, they focus more on privatizing core
innovations.

Accordingly, this study seeks to address the following three questions:

➢ What are the sources of technological innovation in the banking sector, and what core
technologies are being utilized?

➢ What is the developmental trajectory of global banking technology?
➢ Which technologies currently constitute the primary focus of the global banking

industry?

By answering these questions, this study aims to enhance understanding of the past,
present, and future of banking technology by:

➢ Summarizing the defining features of global banking technology development;
➢ Identifying the core technologies and innovation pathways shaping the industry;
➢ Conducting comparative and frontier analyses of technological innovation in both

global and Chinese banking contexts.

Specifically, we first construct a comprehensive dataset of global banking patents,
encompassing nearly 80,000 patents filed by banks and over 540,000 associated citations.
This yields a comprehensive picture of the patent ecosystem of the sector. Then, through
extensive database matching, we assemble what is, to our knowledge, the first systematic
and accurate dataset focused specifically on the global banking system.

Patent data offer two advantages. On one hand, patents represent over 90% of the
recorded organizational innovation. On the other hand, patent citations serve as reliable in-
dicators of technological significance, provide standardized comparability across countries
and institutions, and mitigate the risk of exaggeration from financial disclosures.

Then, we develop an analytical framework that integrates quantitative algorithms
with case studies. Our analysis reveals that the Chinese patent network features a shorter
main path than those of other countries, but that it has several distinct branches. To address
the limitations of a narrow main path, we propose a dual-path analysis approach that
includes both main and branching trajectories, expanding our case coverage from 9 to 25
and enhancing the interpretive depth of our study.
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Finally, this is the first study to trace the source of the technological innovation of
China’s financial industry. We identify key patent clusters, representative innovations, and
major contributing institutions, and assess how technologies support banking development.
These findings offer robust empirical evidence for digital finance research, and provide
further insights for regulators in monitoring global and domestic technological trajectories.

Our contributions are three-fold. First, we present a comprehensive dataset covering
patent information from over a 21-year period. Second, we adopt a technological perspec-
tive and use industry-focused patent collection to offer an overall view of the banking
sector’s innovation ecosystem. Third, we employ quantitative methods to reduce sub-
jectivity, and further propose an integrated framework that incorporates both main and
branching paths, offering a novel approach to analyzing sparse patent networks.

As a result, we present three major findings. First, the studied early-stage innovations
heavily referenced patents from American firms, while the more recent ones increasingly
stem from domestic joint-stock and private banks. Second, the technological trajectory of
Chinese banking follows three phases: financial infrastructure development, the adoption of
foreign technologies, and integrated innovation across banking, institutional, and business
scenarios. Third, since 2016, core patents along the main path have focused on blockchain
and DLT, covering encryption, secure data transfer, smart contracts, and transaction privacy.

The remainder of this paper is structured as follows. Section 2 reviews the relevant
literature and theoretical foundations. Section 3 outlines the research methodology, in-
cluding the data collection and analytical approaches. Section 4 presents key findings and
discussions. Finally, Section 5 concludes the paper by summarizing the main insights and
contributions while suggesting directions for future research.

2. Literature Review
2.1. Banking Technology Innovation

Early studies of bank technology examined the impact of IT on banking business
models and performance. Berger examined the relationship between IT investment and
bank efficiency, finding that technology innovation improves the operational efficiency of
banks and reduces their transaction costs [23]. Arner et al. proposed the “FinTech 1.0, 2.0,
and 3.0” framework, analyzing the shift from traditional IT to digital finance [24].

Recent research has shifted toward the digital transformation of banking with emerg-
ing technologies. Fuster et al. studied AI in credit evaluation and found that its adoption
significantly reduces loan defaults [25]. Other studies have explored blockchain’s role
in banking, such as that by Guo & Liang, who highlighted its potential in payments,
settlements, and anti-fraud technology [26].

However, much of the existing research either focuses on case studies of a single
technology or relies on qualitative research, lacking a comprehensive understanding of
technological innovation at the industry level. In particular, quantitative research based
on patent data is still scarce, which provides an opportunity for our study. Additionally,
many studies focus on how banks acquire technological capabilities through mergers or
purchases, with less attention given to their own innovation processes. Finally, although
some studies have used patent data to analyze the trend of fintech, most of them have
adopted short-term word-frequency statistics from reports or patents, which risks limited
representativeness and ambiguous interpretation.

2.2. Patent Network Analysis and Main Path Method

Patent data are a key indicator of technological innovation. Compared to traditional
financial data, patent data has higher objectivity and comparability, and is thus widely used
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in technological evolution studies [27,28]. Although it is still limited in the area of banking
research, some studies have begun applying patent analysis to identify fintech trends.

Among the patent analysis methods, main path analysis (MPA) is particularly effective
for tracing technological evolution. Based on patent citation networks, MPA identifies the
main development path of innovation and outlines its core trajectory. Hummon & Doreian
introduced this method, proposing three main algorithms: search path link count (SPLC),
search path node pair (SPNP), and search path count (SPC) [29].

The SPC algorithm measures the importance of a path by counting how often it appears
across all information dissemination routes. A key feature of the SPC algorithm is that it
traverses the highest out-degree edge at each node in a directed acyclic network (DAN)
to identify the most significant path from source to destination [30,31]. Compared to the
SPLC and SPNP algorithms, the SPC algorithm produces longer paths with more patents,
offering a fuller picture of technological evolution. Its use of global path weights also makes
it more efficient and economical for identifying core routes in complex networks [32].

Studies show that the SPC algorithm is well-suited for analyzing technological inno-
vation. Verspagen used the SPC algorithm to track the evolution of technology in patent
networks [30]. In the field of artificial intelligence, Jiang and Zhuge used the SPC algorithm
to uncover key technological nodes and their development paths [33]. Although the SPC
algorithm is well-established in high-tech industries, its application in financial research is
still limited.

2.3. Methodology’s Adaptability to Research Questions

Based on our aim of identifying the sources, development paths, and key technologies
in global banking, the SPC method is suitable for our research goal for three reasons.
First, the SPC method models technology diffusion from a global perspective [30,31]. It
assesses each path’s influence by traversing the entire network, and the “path flow” logic
that it uses makes it ideal for revealing how technology evolves within an industry [34].
Second, the SPC algorithm’s objectivity and reproducibility help overcome common biases
in banking technology research. We use the SPC method with a 20-year patent network to
establish an objective, scientific, and reusable framework for bank innovation assessment.
Third, the SPC method’s output is naturally well-suited for case analysis [28,30]. The
representativeness of SPC-identified nodes ensures typical and effective case selection.

3. Materials and Methods
The period from 2000 to 2021 witnessed the emergence of and a boom in technology

introduction in Chinese banks, indicated by a quick rise in the number of patent applica-
tions. We included the patent data for all applicants that contained “bank” in their name
during the study period, and this sample interval is as long as possible to achieve more
comprehensive coverage of major technologies.

3.1. Data Collection and Dataset Matching

We began by collecting patent data from the CNIPA Patent Publication Announcement
website (hereafter referred to as CNIPA) using a crawler method. These data included
patent claims, classification numbers, inventors, addresses, abstracts, applicants, and other
related details. After data cleansing, we obtained a total of 19,600 Chinese patents.

Meanwhile, we gathered 59,900 global patents for applicants with “bank” in their
name from the Derwent Innovation platform (DI platform). After merging these patents
based on applicant names, we obtained 37,500 patents. We further expanded the dataset by
including forward and backward citation relationships using the DI platform, resulting in
a total of over 540,800 patent-citation data points.
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The CNIPA includes accurate Chinese patents and the DI platform is a market-leading
patent research platform. The DI platform enhances data quality through manual review
and standardization of patent information. Compared to the DI Index (DII), which is
commonly cited in patent analysis research, the DI platform offers more accurate data.

In terms of coverage, for China, our dataset covers all legal persons on the list of
banking financial institutions issued by the China Banking and Insurance Regulatory
Commission (CBIRC). For international companies, only 212 of the existing 4827 banks in
the US do not contain the word “bank” in their name, accounting for 4.39% of all banks in
the country. In Japan, South Korea, and Europe, this number is slightly higher due to the
larger number of large financial groups.

In terms of regulatory authorities, the sample covers all legal entities listed as banking
financial institutions by the China Banking and Insurance Regulatory Commission (CBIRC).
Additionally, it includes the major regulators of China’s banking industry, namely the
People’s Bank of China (PBoC) and the CBIRC. We also conducted a separate search of
patents related to other relevant regulatory bodies, such as the China Securities Regulatory
Commission (CSRC) and the State Administration for Market Regulation (SAMR), but
found only a few dozen patents disclosed by these agencies, with the exception of the
PBoC system, which holds 453 patents. Therefore, regulatory authorities are not further
considered in this paper.

In summary, the search method designed herein can potentially cover the patents of
the major firms engaged in banking business worldwide.

3.2. Network Modelling and Main Path Analysis

Network analysis is usually considered a powerful tool for processing large-scale
datasets and multivariable systems, as it can intuitively describe the complex relation-
ships between variables, that is, the nodes and the edges connecting them. To date,
academia has developed various network-building techniques, including the connec-
tivity [35–37], Granger causality [38], entropy [39], and keyword co-occurrence and
citation [40] techniques.

In this study, we first construct a technology co-occurrence network with a component
period based on the technology classification of the patents, which were sorted by the first
four digits of their International Patent Classification (IPC) code to characterize the degree
of cooperation among various technology categories in China’s banking industry and its
evolution over time. The principles behind this construction are shown in Figure 1.
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Moreover, since the modeling of categories fails to present the details of individual
patents, we utilize patent citation relationships to establish networks, revealing the in-
heritance and progressive relationships between specific patent technologies [41]. The
recognition algorithm based on search path count (SPC) has been widely used [30,31,41]
for this type of research, and is presented as follows. Let N−(v) represent path s→v from
source node s to node t in the network and N+(v) represent path v→t from source node



Systems 2025, 13, 323 6 of 26

v to sink point t; then, any path π that passes through the edge (u,v) from s to t can be
expressed as follows:

π = σ·(u, v)·τ (1)

where σ represents all the paths from s to u, denoted as N−(u), and τ represents all the paths
from v to t, denoted as N+(v). The weight of edge (u,v), denoted as N(u,v), is calculated
as follows:

N(u, v) =·N−(u) × N+(v) (2)

The calculation for the normalized SPC weight of edge (u,v) is expressed as follows:

ω(u, v) =·N(u, v)/N(s, t), 0 ≤ ω(u, v) ≤ 1 (3)

Finally, for network topological analysis, in addition to classic degree centrality, be-
tweenness centrality, and harmonic closeness centrality, we also calculate the network
density and average clustering coefficient to measure the degree of technology interac-
tion and use the average path length and network diameter to measure the degrees of
interactivity and efficiency of the technical network.

3.3. Enhancing SPC with a Branch-Integrated Framework

To advance the main path analysis, we introduce a novel analytical framework that
combines one main path with multiple branches, aiming to address the limitations of
conventional single-path analysis. While the traditional SPC approach extracts a dominant
trajectory within a densely connected citation network, we observe that China’s banking
patent network is relatively sparse and fragmented, reflecting its late start and diverse
development directions. As a result, the main path alone—consisting of only nine patents—
is weak in capturing the complexity of technological progress in the sector.

We apply a gravity-based layout and use hierarchical network analysis to directly
identify multiple paths within the largest connected subnetwork. This approach allows
us to extract not just a central path but also key branch paths that, together, offer a more
complete representation of the innovation landscape.

This methodological enhancement is both empirically grounded—based on the ob-
served structural features of China’s patent network—and theoretically informed, as it
reflects the modular and path-dependent nature of technological development in emerging
industries [42,43]. In this way, we extend the SPC method from single-trajectory tracing
to a multi-path framework, which is better suited for analyzing sector-wide innovation
systems like banking.

In sum, the overall research roadmap is summarized in Figure 2.

Systems 2025, 13, x FOR PEER REVIEW 7 of 27 
 

 

reflects the modular and path-dependent nature of technological development in emerg-
ing industries [42,43]. In this way, we extend the SPC method from single-trajectory trac-
ing to a multi-path framework, which is better suited for analyzing sector-wide innovation 
systems like banking. 

In sum, the overall research roadmap is summarized in Figure 2. 

 

Figure 2. Summary of the research roadmap. 

4. Results and Discussion 
Based on CNIPA data, this paper summarizes the characteristics of banking patent 

technologies in China from four perspectives: international comparison, heterogeneous 
descriptive statistics, industry interaction, and technological content. 

4.1. Technical Characteristics of Chinese Banking Patents 

4.1.1. International Comparison 

In terms of quantity, China’s position in global banking patent activity has improved 
over the past three decades. Figures 3 and 4 present the number of banking patent docu-
ments from China, the US, and global sources, including the WIPO and EPO, filed during 
the study period. We find that China has gradually increased its number of banking pa-
tents and begun to establish influence in this field. In contrast, the top global applicants—
mainly from the US, South Korea, and Japan, as well as international organizations like 
WIPO and EPO—saw their patent filings rise until 2012, after which they began to decline. 

Figure 2. Summary of the research roadmap.



Systems 2025, 13, 323 7 of 26

4. Results and Discussion
Based on CNIPA data, this paper summarizes the characteristics of banking patent

technologies in China from four perspectives: international comparison, heterogeneous
descriptive statistics, industry interaction, and technological content.

4.1. Technical Characteristics of Chinese Banking Patents
4.1.1. International Comparison

In terms of quantity, China’s position in global banking patent activity has improved
over the past three decades. Figures 3 and 4 present the number of banking patent docu-
ments from China, the US, and global sources, including the WIPO and EPO, filed during
the study period. We find that China has gradually increased its number of banking patents
and begun to establish influence in this field. In contrast, the top global applicants—mainly
from the US, South Korea, and Japan, as well as international organizations like WIPO and
EPO—saw their patent filings rise until 2012, after which they began to decline.
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This may be because China began filing banking patents later than other developed
countries. The first banking patent in the US was filed in 1968, while China’s first appeared
nearly 20 years later, in 1985. In recent years, the number of banking patent applications in
developed countries has declined by half, with filings now primarily coming from major
international banks rather than smaller institutions. By contrast, China’s large market size
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and numerous banks have allowed it to demonstrate certain late-mover advantages in
terms of its patent application volume.

However, as shown in Figure 5, from 2000 to 2020, the average annual number of
invention patents granted in the banking sector was 105 in China, compared to the 330 in
the US. Although the number of invention applications in China has surged in recent years,
both the grant rate and the actual number of granted patents have declined, indicating
significant room for improvement in patent quality.
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Figure 5. Licensing rate of banking patents in China and the US (1993–2020).

In terms of influence, Table 1 presents citation data for the top five countries based
on their comprehensive patent impact as determined using the DI platform. The results
show notable differences in the distribution of banking innovation across countries during
the sample period. Technologies patented through organizations like the WIPO and EPO
tend to receive more recognition from applicants than those filed under national patent sys-
tems. On average, each Chinese banking patent cites only 9.1 other patents—significantly
fewer than those from other countries. Additionally, each Chinese patent receives just
14.4 citations on average, which is 73.7% below the global mean.

Table 1. Patent indexes of countries ranked by the Comprehensive Patent Impact Index (CPII).

US WO CN JP EP All Countries and Regions
Within the Sample

Comprehensive patent impact: Average 9.9 2.8 2.7 1.6 1.6 4.89
Patent citation count—Derwent Patents

Citation Index (DPCI): Average 47.1 56.7 14.4 35.2 108.0 54.66

Referenced patent count—DPCI: Average 60.2 42.9 9.1 27.3 63.5 48.15

4.1.2. Institutional and Regional Heterogeneity in China’s Banking Patents

Table 2 summarizes the fundamental characteristics of China’s banking patent data
over the sample period1. First, the technological innovation in China’s banking sector is
highly concentrated among a few institutions. The top five patent holders account for 76.9%
of all banking patents in China. Second, the overall invention patent grant rate in China
was 6.5% during the sample period. The PBoC system had the highest grant rate at 27.1%,
followed by urban commercial banks (11.1%), private banks (8.4%), state-owned banks
(5.6%), and joint-stock commercial banks (3.9%).
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Table 2. Statistics on the number of patents grouped by bank type (pieces).

Number of Banks\Patent
Documents

Invention
Disclosure

Invention
Grant

Utility
Model

Appearance
Design Total Mean

1. Large state-owned commercial
banks (6) 11,366 638 570 596 13,170

2195

ICBC 3728 117 340 225 4410
China Construction Bank 3334 190 40 187 3751

Bank of China 3210 227 20 21 3478
Agricultural Bank of China 854 94 130 133 1211
Bank of Communications 137 8 39 4 188

Postal Savings Bank of China 103 2 1 26 132
2. Private banks (47) 2827 238 33 95 3193

228

WeBank 2187 147 17 41 2392
Sichuan XW Bank 277 54 - 8 339

Jiangsu Suning Bank 58 6 16 1 81
Wuhanzbank 66 12 - - 78

Jilin Yillion Bank 48 4 - 21 73
3. Joint-stock commercial banks (14) 1441 56 28 310 1835

131

China CITIC Bank 551 4 2 21 578
Ping An Bank 459 1 1 51 512

China Everbright Bank 40 4 2 187 233
China Merchants Bank 112 15 13 31 171
China Minsheng Bank 109 26 5 5 145

4. People’s Bank of China system 1 340 92 14 7 453 91
5. City commercial banks (14) 153 17 26 145 341

7.3

China Zheshang Bank 57 9 - 3 69
Dongguan Bank - - - 27 27
Bank of Tianjin - - - 26 26
Bank of Beijing 1 - 2 20 23

Bank of Shanghai 15 - 4 - 19
6. International financial groups (40) 257 10 1 3 271

6.8

Bank of America 70 - - - 70
JPMorgan Chase 35 - - - 35

Swiss Banking Group 22 - - - 22
Bank of Canada 16 4 - - 20

Sumitomo Group 13 1 - - 14
7. Rural commercial banks (29) 80 13 26 77 196

6.8

Chongqing Rural Commercial Bank 34 5 14 31 84
Shenzhen Rural Commercial Bank - - 1 15 16

Jiangsu Changshu Rural
Commercial Bank 9 4 - 1 14

Shanghai Rural Commercial Bank 6 3 2 - 11
Jiangsu Suzhou Rural

Commercial Bank 9 - 1 - 10

8. Banks in Taiwan (6) 13 - 1 - 14 2.3
1 This includes the People’s Bank of China and the China Banknote Printing and Minting Corporation (both of
which operate branches in multiple locations nationwide). This also includes Xi’an Banknote Printing Co., Ltd.,
Shanghai Banknote Printing Factory, and Nanchang Banknote Printing Co., Ltd (whose geographic locations are
reflected in their institutional names). 2 The bolded rows in the table represent categories of banks and financial
institutions. The number in parentheses indicates how many individual institutions are included in each category.

We then analyzed the regional distribution of patents filed during 2000–2010 and
2011–2021. During the first decade, the patent applicants were primarily located in Beijing
and the eastern coastal regions. Beijing-based institutions filed 465 patents, representing
86.6% of the national total, followed by those based in Guangdong (5.6%) and Shanghai
(3.5%). The major applicants included research institutes and branches affiliated with



Systems 2025, 13, 323 10 of 26

the central bank and large state-owned commercial banks, along with foreign banks and
equipment manufacturers.

In the following decade, the banking innovation expanded to coastal and central
regions, with the private sector emerging as an increasingly active contributor, supported
by a series of national policies.

First, private banks have demonstrated strong innovation capabilities. WeBank and
XW Bank, among the first two batches of approved private banks in China, filed numerous
patents within a year of their founding (see Figure 6). Between 2000 and 2021, WeBank
emerged as the innovation leader in Guangdong’s banking sector, filing 2392 patents—
73.9% of the provincial total. Of these, 147 were granted invention patents, representing
87.0% of such grants in the province. Similarly, XW Bank contributed 85.0% of Sichuan’s
total banking patents during the same period, with 54 being granted invention patents,
making up 94.7% of the provincial total.
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Second, China’s financial innovation policy has played a catalytic role in the develop-
ment of patents. Given China’s significant regional disparities, its large number of financial
institutions, and the iterative nature of fintech development, the Chinese program aimed
to develop regulatory tools that were suited to China’s national conditions while aligning
with international standards.

By mid-2022, 156 pilot projects had been launched across 29 provinces, involving
121 banks and covering technologies such as optical character recognition (OCR), the
Internet of Things, multiparty security computing, application programming interfaces
(APIs), cloud computing, natural language processing (NLP), and knowledge graphs. These
technologies were applied in diverse scenarios, including credit financing, risk control,
business process optimization, supply chain collaboration, and identity verification.

For instance, in August 2020, the Chengdu Branch of the PBoC launched six pilot
projects in Sichuan Province. In addition, XW Bank applied to start a program of smart finan-
cial services for small and micro enterprises based on multiparty security computing, and
later filed related patents in early 2021. This practice illustrates the important role of policy
guidance and regulatory oversight in driving banking innovation in a developing economy.

Finally, China’s banking patents span 252 IPC technology categories (Table 3), with
18 categories being represented by more than 50 patents each. The high concentration of
banking technology observed herein is consistent with the conclusions of the previous
literature [42].
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Table 3. Frequency of the technical categories of bank patents (pieces).

IPC
Code Classification Definition

Percentage of Occurrence
in the Patents of the

Chinese Banking Industry

Number of Patent
Documents Including this
Technology Classification

G06F Electric digital data processing 69.55% 12,757

G06Q

Data processing systems or methods,
specially adapted for administrative,

commercial, financial, managerial,
supervisory or forecasting purposes; systems

or methods specially adapted for
administrative, commercial, financial,

managerial, supervisory or forecasting
purposes not otherwise provided for

32.69% 5996

H04L Transmission of digital information, e.g.,
telegraphic communication 15.23% 2794

G06K Graphical data reading; presentation of data;
record carriers; handling record carriers 7.13% 1307

G06N Computing arrangements based on specific
computational models 5.28% 969

G10L
Speech analysis or synthesis; speech

recognition; speech or voice processing;
speech or audio coding or decoding

2.76% 506

G07F Coin-freed or like apparatus 2.70% 495
H04W Wireless communication networks 1.83% 335

G06T Image data processing or generation,
in general 1.63% 299

H04N Pictorial communication, e.g., television 1.57% 288
G06F Electric digital data processing 69.55% 12,757

G06Q

Data processing systems or methods,
specially adapted for administrative,

commercial, financial, managerial,
supervisory or forecasting purposes; systems

or methods specially adapted for
administrative, commercial, financial,

managerial, supervisory or forecasting
purposes not otherwise provided for

32.69% 5996

H04L Transmission of digital information, e.g.,
telegraphic communication 15.23% 2794

4.1.3. Time-Phase Description

Drawing on the strategic and institutional development of China’s banking indus-
try [43,44] and the evolution of the Fourth Industrial Revolution [45,46], we divide the
sample period into three representative stages: the computer era (2000–2008), the mobile
internet era (2009–2015), and the digital technology era (2016–2021). For each stage, we
construct a technology co-occurrence network to analyze the relationships and interactions
between key technology types.

Figure 7 and Table 4 describe the main characteristics of the technology co-occurrence
network for the computer era. During this period, the innovations focused on tools and
equipment to support core banking operations, and were primarily aimed at process
optimization, currency verification, and machine design improvements. These patents can
be broadly categorized into four business scenarios.
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Table 4. Important network nodes and their topological indicators in the computer era.

Computer Era (2000–2008)

Node Classification Definition Degree
Centrality

Betweenness
Centrality

Harmonic
Closeness
Centrality

Clustering
Coefficient

G06Q

Information and communication
technology specially adapted for

administrative, commercial, financial,
managerial or supervisory purposes;

systems or methods specially adapted
for administrative, commercial,

financial, managerial or supervisory
purposes, not otherwise provided for

0.31 44.17 0.63 0.36

G07F Coin-freed or like apparatus 0.31 33.17 0.61 0.33
G06F Electric digital data processing 0.28 27 0.59 0.36

H04L Transmission of digital information,
e.g., telegraphic communication 0.25 55 0.58 0.25

G06K
Graphical data reading; presentation

of data; record carriers; handling
record carriers

0.22 44 0.59 0.36

G07D

Handling of coins or of valuable
papers, e.g., testing, sorting by

denominations, counting, dispensing,
changing or depositing

0.19 18 0.5 0.4

The first scenario is business management and payment systems, including bank card
transaction platforms, online guarantee evaluation, contract verification tools, electronic
vouchers, and digital mortgage systems. The second is investment-related technologies,
such as portfolio management and financial transaction systems. The third is currency iden-
tification and sorting technologies (G07F, G07D), typically filed by U.S. investment banks,
Japanese manufacturers, Zhejiang- and Jiangsu-based equipment firms, and Shanghai’s
banknote printing institutions. Last is physical security systems, including virtual lock
boxes, password scramblers, automated control devices, and digital monitoring systems.

With the launch of 3G networks in 2008, the mobile internet era began. Tech companies
and internet platforms reshaped the financial landscape by leveraging communication
infrastructure, digital ecosystems, and social media. The co-occurrence network in Figure 8
and Table 5 reveals three core clusters: purple, blue, and green.
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Table 5. Important network nodes and their topological indicators in the mobile internet era.

Mobile Internet Era (2009–2015)

Node Classification Definition Degree
Centrality

Betweenness
Centrality

Harmonic
Closeness
Centrality

Clustering
Coefficient

G06K
Graphical data reading; presentation

of data; record carriers; handling
record carriers

0.22 613.91 0.48 0.19

G06Q

Information and communication
technology specially adapted for

administrative, commercial, financial,
managerial or supervisory purposes;

systems or methods specially adapted
for administrative, commercial,

financial, managerial or supervisory
purposes, not otherwise provided for

0.21 304.36 0.45 0.27

G06F Electric digital data processing 0.19 329.47 0.46 0.29

H04L Transmission of digital information,
e.g., telegraphic communication 0.19 301.03 0.45 0.31

G07F Coin-freed or like apparatus 0.18 332.23 0.45 0.32

B42D

Books; book covers; loose leaves;
printed matter characterized by

identification or security features;
printed matter of special format or
style not otherwise provided for;
devices for use therewith and not

otherwise provided for; movable-strip
writing or reading apparatus

0.16 586.98 0.42 0.2

The key nodes in the purple and blue clusters are dominated by note printing and
anti-counterfeiting technologies, which were developed by the PBoC’s research institutes,
regional branches, and a few state-owned banks. The purple cluster features B42D (security
printing), C09D (coating/inks), and B41M (printing methods), and the blue cluster includes
G01N (material analysis), G07D (coin/banknote handling), and auxiliary technologies such
as elevator controls (B66B) and lighting systems (F21V).

The green cluster represents banking business’s innovation during the mobile internet
era. It consists primarily of patents filed by state-owned and urban commercial banks
that focus on software-driven solutions and information systems. The key nodes include
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G06F (electric digital data processing), G06K (recognition of data, presentation of data,
record carriers, and handling record carriers), and G06Q (systems or methods specially
adapted for administrative, commercial, financial, managerial, supervisory, or forecasting
purposes, not involving significant data processing). The interactions among the four
categories have formed more than 1600 patents in the areas of security authentication,
secure communication, encryption methods, and data processing systems, accounting for
69.3% of the industry’s patents during this period.

In addition, the presence of smaller peripheral clusters reflects an expanding diversity
in technological directions. However, compared to the computer era, measures of closeness,
centrality, and clustering coefficients declined slightly for this era—indicating that, while
the range of technologies broadened, their internal connectivity became relatively weaker.

Fintech in China began to take shape around 2016, driven by the explosion of data
and the rise of next-generation digital technologies such as artificial intelligence (AI) and
blockchain [47]. Facing increasing pressure from both peers and cross-sector competitors,
traditional banks have responded with new models like virtual banking, open banking,
and social banking [48–51].

The patent applicants became more diverse in this period. The share of patents from
state-owned banks fell from 74.1% to 56.5%, while private, joint-stock, urban, and rural
commercial banks together accounted for 26.7%, with individual shares of 16.2%, 8.3%,
1.3%, and 0.9%, respectively.

Figure 9 shows a stronger linkage between technology clusters, with both the median
centrality and closeness centrality reaching their highest levels across all stages. The
dense connections reflect the growing maturity of China’s banking technology system and
indicate more active interactions across technology categories. Notably, G06F (digital data
processing) and G06Q (business data processing) have emerged as central nodes in the
network. Table 6 presents the key network nodes and their topological indicators in the
digital technology era.
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Figure 9. Technology co-occurrence network in the digital technology era.

Figure 10 presents the technology co-occurrence network over the entire sample period,
and Table 7 summarizes the topological properties of the four co-occurrence networks
discussed. The banking industry's mainstream technologies have shifted from being
quantity focused to being quality focused, and the development of key technologies has
shown obvious network effects. Initially, from the electronic computer era to the mobile
internet era, the banking industry focused on adopting and developing a wide range
of technologies. Throughout these three stages, the network density and diameter first
declined and then increased, reflecting the reduced interaction between technologies due



Systems 2025, 13, 323 15 of 26

to the rapid expansion of technology types during the quantity-focused period from 2008
to 2015.

Table 6. Important network nodes and their topological indicators in the digital technology era.

Digital Technology Era (2016–2021)

Node Classification Definition Degree
Centrality

Betweenness
Centrality

Harmonic
Closeness
Centrality

Clustering
Coefficient

G06F Electric digital data processing 0.42 1098.38 0.61 0.18

G06Q

Information and communication
technology specially adapted for

administrative, commercial, financial,
managerial or supervisory purposes;

systems or methods specially adapted
for administrative, commercial,

financial, managerial or supervisory
purposes, not otherwise provided for

0.40 1193.73 0.61 0.18

G06K
Graphical data reading; presentation

of data; record carriers; handling
record carriers

0.38 822.48 0.60 0.22

G07C Digital computers in which all the
computation is affected mechanically 0.33 1048.34 0.58 0.21

G07F Coin-freed or like apparatus 0.33 750.29 0.58 0.27

H04N Pictorial communication,
e.g., television 0.26 475.59 0.55 0.27
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Table 7. Topological properties of technology co-occurrence networks.

Computer Era
(2000–2008)

Mobile Internet Era
(2009–2015)

Digital Technology Era
(2016–2021)

Full Sample Period
(2000–2021)

Node number 37 101 134 172
Average degree 3.243 4.515 8.866 8.581

Average weighted degree 18.919 27.228 399.343 331.174
Network diameter 5 7 6 6

Average path length 2.288 3.063 2.505 2.738
Network density 0.09 0.045 0.067 0.05

Average clustering coefficient 0.643 0.667 0.64 0.646

With the onset of the digital technology era, the average node degree has doubled, and
the number of network connections has significantly increased. However, the growth rate
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of new nodes has slowed down in the post-internet era. While the number of technology
nodes in the mobile internet era was twice that of the previous era, the increase in the
digital technology era has only been 30%. Furthermore, the centrality of core technology
nodes has risen exponentially, demonstrating that their importance has grown with the
expansion of the network and providing clear evidence of the network effect.

4.1.4. Industry Interaction

To explore the interaction between China’s banking industry and other sectors, we refer
to the “Concept of a Technology Classification for Country Comparisons” report issued
by the WIPO [52]. We map technology classifications to industries, track the technical
exchanges between them, and construct a timeline that shows when different industries
contributed to the banking sector, as depicted in Figure 11.
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Figure 11. Timeline of the embedding of China’s banking industry into other industries (2000–2021).

Each cell in the timeline represents the number of new patents in relevant technologies
for that industry in a given year. Our analysis reveals that electrical engineering and instru-
ments have been the most interacted-with fields over the past two decades, particularly
in the areas of computer technology, data processing, and digital communication. These
technical exchanges have enabled the banking industry to develop secure communication
systems based on the internet, while banks’ adoption of various control processing technolo-
gies has enhanced their capabilities in administration, commerce, finance, management,
supervision, and forecasting.

4.2. Network Modeling

We refer to the literature and consider the size of the network and the degree of
processing efficiency to model as much patent reference information as possible. The
features of the sample range =are outlined in Table 8. By using all patents applied by
Chinese banks and their citation data, we obtained 60,300 forward and backward citations,
99,700 citation relationships, and patents with global influence indicators above 20 points,
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which accounted for 3.65% of the global total. Based on these data, we modelled the patent
citation networks of both the Chinese and global banking industries.

Table 8. Characteristics of patent citation network samples.

Author and Year Screening Criteria Number of
Patents

Number of
Citations

Patent Sample
Period

Average Number
of Citations of
Patent Articles

Verspagen, 2007 [30]
United States Patent

Classification (USPC):
429/12~429/46

3371 15,506 1860~2002 4.6

Fontana et al., 2009 [53] IPC: H04L12/413 581 5863 1977~2002 10.1
Martinelli, 2012 [54] USPC: 370 (partial) 6214 20,848 1924~2003 3.4

Yang and Liu, 2011 [55] IPC: H01L31/042 530 4740 1973~2008 8.9

China’s banking patents
Patent documents in which

the applicant’s name
includes “bank”

6397 60,258 2000~2021.07 9.7

Global banking patents

Patent documents in which
the applicant’s name

includes “bank” and the
CPII > 20 (100-point scale)

652 99,655 2000~2021.07 154.7

Rows 1 and 3 of Table 9 present the basic topological indicators of the patent citation
networks for China and the global banking system. China’s citation network exhibits three
key characteristics. First, it is large in scale. The node scale of China’s patent citation
network is comparable to that of the citation network formed by the frontier patents with
global influence, representing 20.2% of global patent citations.

Table 9. Basic topological indicators of patent citation networks in China and the world.

Number of
Weak

Components

Number
of Nodes

Number
of Patents

Number of
Connected

Edges

Average
Degree

Network
Density

SPC Weight
Interval

Global citation network 41 47,715 652 99,656 4.18 0.00004377 [0, 0.2084]
Global subnetwork 6 852 240 1108 2.60 0.00152817 [0.0005, 0.2084]

Chinese citation network 1981 49,576 6397 60,258 2.43 0.00002452 [0, 0.09567381]
Chinese subnetwork 6 1313 55 1488 2.27 0.00086378 [0.0003, 0.09567381]

Second, the Chinese patents are less connected and less synergistic than the global
patents across different technology types or even within the same technology type. De-
spite having a similar network scale, China’s network has 48.3 times more subnetworks
compared to the global frontier patent subnetworks, and the average number of edges per
patent is 41.8% lower in China. This indicates that the density of connections among patents
in the global network is much higher, reflecting China’s relatively weaker interactivity at
this stage.

Third, both the Chinese and global networks consist of a largest subnetwork and
numerous smaller subnetworks. In China’s citation network, the largest subnetwork
accounts for 66.98% of the total number of nodes, while the global network’s largest
subnetwork accounts for 78.09%. This may be due to the more advanced and continuous
development of mainstream technologies globally.

Figure 12 displays the largest connected subnetwork of China’s citation network,
which has three main features. First, the subnetwork is clearly divided into two layers, as
suggested in Figure 13, with the inner layer focused around patent No. 2 (CN1454364A).
This patent has received many citations, which form a dense cluster of patents around
it. Second, the outer patents and other key patents evolve from the inner patent cluster,
forming eight distinct patent branches, as shown in Figure 12 (numbered 1–8). These
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branches are characterized by short step sizes, with each consisting of a core patent node
and a cluster of patents diffusing around it. For example, branch 5 consists of patent No. 1
(CN101268485) and a fan-shaped cluster of patents that reference it, forming a patent path
(1 → 161 → 29/30 → 1173) with relatively long steps outside the outer dotted line.
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Third, the yellow vertex in Figure 14 indicates the main development path of China’s
banking patents. The most important technological development path in China’s banking
industry over the past 20 years is contained within patent branches 1 and 6, spanning nine
steps. In comparison, the global main path involves 16 steps. This shows that China’s
banking patent citation network has a main path that is more than 40% shorter than the
global path, possibly due to China’s later entry into technological development or slower
technology iteration compared to global progress.

In conclusion, the analysis of China’s patent network reveals that the development
of China’s banking industry started later. Compared to the most connected subnetworks
globally, China’s network has a larger number of branches and sparser connections between
them. As a result, the nine patents in the main path provide only limited information. To
comprehensively understand the technological development of China’s banking system,
this paper introduces a novel analytical framework that combines the main path with
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multiple patent branches. Based on this, we conduct a parallel analysis of the main path
(comprising branches 1 and 6) and five patent branches (2, 3, 4, 5, 7, and 8), as summarized
in Table 10, which collectively offer a comprehensive overview of China’s banking industry.
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4.3. Main Path Analysis

To conduct an in-depth analysis of banking technology development, we perform
a main path analysis of the obtained patent citation network. The basic patent content,
applicants, and timeline of the main paths in China’s banking patent citation network
are shown in Figure 15, with the global one depicted in Figure 16. The global main path
consists of 250 patents and spans 16 steps, while the Chinese main path includes 28 patents
and spans 9 steps. When combined with other patent branches, the total number of patents
is 55.
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Figure 15. Main path of the Chinese patent citation network: Applicants, patent content, and timeline.
Each dot in the figure represents a patent document, with yellow as the default color. Distinct colors
other than yellow are used to represent different companies. The correspondence between each color
and the company name is shown at the top of the figure. For example, green indicates patents filed
by the Royal Bank of Canada.

4.3.1. Main Path of China’s Banking Patent Citation Network

Before 2017, along China’s main path, the applicants were banks and communication
and electronic technology firms from the US and Canada, including IBM, Verizon Com-
munications, JPMorgan Chase Bank, HP, and Cisco. After 2017, Chinese firms gradually
emerged, including internet companies represented by Baidu and JD, state-owned enter-
prises and institutions represented by the Nets Union Clearing Corporation, and private
technology firms in Wuxi and firms based in new trade parks.

Regarding content, these patents focus on four areas: blockchain-based transaction
retry and payment security, advanced data processing and coordination across networked
systems, intelligent trading and shopping system optimization, and internet-based se-
cure communication and firewall technologies. Collectively, they enhance the transaction
reliability, system efficiency, and cybersecurity of digital and financial platforms.
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4.3.2. Main Path of the Global Banking Patent Citation Network

Then, we explored the global main path in Figure 16. These patents center around
five key themes: privacy protection and scalability in distributed ledger (blockchain)
transactions, secure and contactless transaction systems, advanced image processing and
remote deposit technologies, secure communication and identity verification protocols,
and risk assessment and financial system optimization. Together, they aim to improve the
privacy, efficiency, and trust in financial ecosystems.

In Figure 16, the two groups of patents outlined with red dashed circles and labeled
as A and B represent the most recent and the earliest patent families in the main path,
respectively. Except for groups A and B, the applicants are mostly Bank of America and
JPMorgan Chase Bank. In terms of patent content, 2012 is a watershed year. Before 2012,
stored-value cards, image processing, and banking systems were the focus of the studied
patents. After 2012, blockchain and distributed ledger technology (DLT) became the core
patent technology. Especially after 2016, all patents in group B are related to blockchain
and DLT.

The assignees and technical classifications of group A and B from Figure 16 are further
broken down in Tables 11 and 12. The group A applicants are mostly large financial and
manufacturing firms, while the group B applicants are large internet firms, technology
firms, and data analysis firms in the financial sector. Some small startups may be involved at
first, but they typically are acquired by tech giants later. Regarding the country distribution,
US companies account for 56.3%, while Alibaba is the only Chinese firm, accounting for
12.5% of the patents.

Table 11. Statistics of the top 10 applicants of patent group A (early 21st century patents) in the global
main path.

Company Name Business Overview Number of Patents

Nokia Corporation (FL) Global mobile phone manufacturing and suppliers 15
SUMITOMO Group (JP) Large Japanese enterprise group 9



Systems 2025, 13, 323 22 of 26

Table 11. Cont.

Company Name Business Overview Number of Patents

Catalina Marketing Corporation (US) Digital marketing company acquired by private equity
firm Hellman & Friedman Capital Partners in 2007 7

Visa Inc. (US) Global Payment Technology Company 6
Sterling Global Solutions (US) Technology solution provider 5

Nestor Inc. (US) Communication equipment manufacturing company,
supplier of wood-plastic composite (WPC) products 4

Actuate Corporation (US) Global ATM manufacturing and supplier leader 3
Quest Nettech Corporation (US) Private information company 3

Microsoft (US) Computer software service company 3
AT&T Corporation (US) International telecommunication company 3

1 The country of origin for each company is indicated in parentheses following the company name.

Table 12. Statistics of all applicants of patent group B (latest patent) in the global main path.

Company Name Business Overview Number of Patents

Alibaba (CN) Internet service company 7

Symbiont Inc. (US) Blockchain platform development company for
intelligent securities 5

The Dun & Bradstreet
Corporation (US)

Provides enterprise business data decision-making
and analysis support 2

Novera Capital Inc. (CA) Virtual currency capital company 1
Toyota (JP) Global automotive companies 1

Hieronimi C (GR) Personal 1
China Electronics Technology Group

No. 30 Research Institution (CN) National first-class scientific research institution 1

Allfunds Bank Sau (SP) Bank that provides data services and global fund
distribution networks 1

9th Gear Technologies Inc. (IN) Used car trading platform 1
Thunder Token Inc. (US) New generation blockchain public chain platform 1

J.P. Morgan Chase & Co (US) Global bank 1
IBM (US) World’s largest IT and business solutions company 1

Hewlett Packard Enterprise (US) Split from HP in 2015 to provide cutting-edge IT and
cloud technology solutions 1

Experian Plc. (US) World’s largest credit data company 1
EMC Corporation (US) Information storage and IT company 1

ALTR Solutions Inc. (US)
Technology company that provides software and

cloud solutions for product development,
high-performance computing, and data intelligence

1

The country of origin for each company is indicated in parentheses following the company name.

Therefore, from the perspective of empiricism, if China’s banking industry can keep
in line with the patent applications of global internet firms, technology firms, electronic
communication firms, or acquired startups, then it is more likely to obtain important
technology development information.

5. Conclusions
This paper focuses on the technological dynamics of the world’s largest banking

system using network modeling to analyze the technological development of the Chinese
banking industry from 2000 to 2021.

The contributions of this paper are multifaceted. First, in financial technology re-
search, direct studies on technological innovation are scarce. Thus, this paper innovates
by approaching the topic from a technological perspective and collecting industry-wide
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patent data, offering a novel viewpoint. As for the analytical framework used herein, the
combination of main path and branch paths deepens the applicability of the MPA to analyz-
ing specialized networks. Regarding data, this paper offers a crucial foundation for bank
innovation research by utilizing 21 years of global patents. Last, in terms of methodology,
it adopts a mixed quantitative and qualitative approach, using a multi-dimensional, long-
span dataset to overcome the limitations of short-term technological progress estimation
that relies on word frequency analysis in prior studies.

Building upon previous contributions, this paper addresses three questions and draws
rich conclusions that are applicable industry, academia, and government. First, this work
explores the sources of innovation in the Chinese banking industry and its connections
to existing technologies. It finds that, prior to 2017, significant patent technologies in
the Chinese banking sector originated from banks and communication and electronic
technology companies in the US and Canada, such as IBM (US), Verizon Communications
(US), JPMorgan Chase (US), HP (US), and Cisco (US). The analyzed patents cover a wide
range of areas, from firewall system optimization to internet-based secure communication,
and have evolved to include electronic payment technologies.

Second, this paper investigates the development path of Chinese banking technology,
identifying key phases. We find that there has been a shift in the primary contributors
to the research and development of China’s bank technology over the past two decades.
Initially, entities and research institutions under China’s central bank and large state-owned
commercial banks pioneered these efforts. In recent years, however, joint-stock banks and
private banks have played an increasingly prominent role in driving innovation. Despite
the prevailing Matthew effect, where larger commercial banks file more patents than
smaller ones, the emergence of internet banks like WeBank and XW Bank, which are based
on new business models, presents a potential challenge to industry leaders in terms of
technological innovation.

As for the developmental path of banking technology in China, it includes the follow-
ing stages: (1) financial infrastructure development, which includes improving banking
operations, currency printing, and anticounterfeiting methods; (2) the adoption of foreign
technologies such as firewalls and secure communication to build a modern electronic
payment system; and (3) integrated development that involves multiple entities, includ-
ing financial institutions, banks, and businesses, across various scenarios such as high-
frequency trading, digital banking, and shopping systems. During the timeframe analyzed
in this study, banks have interacted primarily with the field of electrical engineering and
instrumentation, focusing on learning from computer technology, data processing, and
digital communication.

Third, this paper identifies the cutting-edge technologies that have gained prominence
in the banking industry. Since 2012, blockchain and distributed ledger technology (DLT)
have gained considerable traction. Notably, all patents in the main path since 2016 are
related to these two technologies. These patents cover various aspects of blockchain,
including message encryption, secure data transfer, database optimization, transaction
privacy management, etc.

In addition, this work reveals that, despite the multitude of patents filed by Chinese
banks, there is less connectivity and weaker collaboration between technology categories
compared to the global system. China’s patent citation network, although similar in size
to the global network, has 48.3 times more subnetworks and 41.8% lower edge density.
Additionally, Chinese patents are cited only 14.4 times on average, which represents 73.7%
fewer average citations than global patents. This suggests that text-based analyses of
financial reports and patents may overestimate China’s banking technology capabilities.
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Moving on, future research can elaborate on this work in the following ways: First,
extending the analysis to compare the technological evolution of banking sectors in other
major economies, such as the U.S., the EU, and emerging markets, investigating cross-
country differences in patent networks, innovation drivers, and collaboration patterns to
provide a more comprehensive global perspective on banking technology development. Sec-
ond, with blockchain and DLT being identified as prominent technologies in banks, future
studies could assess their impact on banking operations, regulatory challenges, and poten-
tial risks. Third, as we highlight the fragmented nature of China’s banking patent network
compared to the global industry, further research could explore strategies to strengthen
collaboration among banks, fintech companies, and research institutions. This would help
to improve innovation efficiency and build an interconnected technology ecosystem.
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