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Abstract—This article examines the issue of patent quality in
the Financial Technology (FinTech) field and proposes a way of as-
sessing patent quality through the development of a patent quality
index based on key indicators proposed in the literature. The index
uses a sample of 16 387 patents in the FinTech field registered over
20 years to assess the average quality of patents. To illustrate the
utility of the index, the 1) top geographic jurisdictions, 2) top techni-
cal domains, and 3) leading organizations were analyzed to map out
patterns of intellectual property registration and protection. This
article provides significant insights on leading patent jurisdictions,
illustrating the growing impact on FinTech of jurisdictions, such
as the Republic of Korea, and the focus of patents within the USA
in particular domains, such as payment protocols, e-commerce,
and identification mechanisms. This article contributes to both
theory and practice through the development and validation of a
novel patent quality index, which has significant utility to multiple
stakeholders and advances knowledge on assessing patent quality.
Furthermore, by surfacing a positive association between the qual-
ity of an organization’s FinTech patents and earnings, the article
illustrates the value to organizations in developing high-quality
patents in this field.
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I. INTRODUCTION

THE rapid development of Financial Technology (FinTech)
is receiving growing attention across several academic

fields, public policy areas, and commercial sectors. FinTech
is described as the application of digital technologies, such
as algorithms, artificial intelligence, data analytics, and other
innovative computer software to the provision of automated and
enhanced financial services [1]. Observers from both academia
and practice [2], [3] point to technology-enabled innovations in
financial services as enablers for new business models, appli-
cations, processes, and products, which could revolutionize the
provision of financial services [4].

Globally, FinTech has seen massive investment throughout
2021, estimated at $131.4 billion and up 144% from 2020, which
could further increase by the end of 2022. The Asia-Pacific and
Americas regions account for the most significant share of the
global FinTech market, with around 40%, followed by Europe,
the Middle East, and Africa with approximately 20% of the total
market share [2]. In terms of functionalities, digital payments
represent the largest market for FinTech, accounting for more
than 80% of global FinTech revenues [2].

The emergence of FinTech has increased the already growing
importance of intellectual property (IP) for financial services
providers in both offensive and defensive terms [3], [5], [6], [7].
This is particularly the case in areas, such as robotic advice
tools, payment processing technologies, and high-frequency
trading tools [3], [5], [6], [7], [8], [9]. The rapid pace of change
in financial services provision relating to FinTech means that
financial services companies are under pressure to 1) make
investments in new technology-enabled opportunities, 2) protect
their existing technology investments from litigation, and 3)
protect their business models from disruption [6], [10]. As a
result, the importance of patents for organizations focused on
FinTech investments looking to protect and manage their broader
IP assets has become increasingly important [5], [6], [7], [10],
[11].

FinTech has some crucial differences from the traditional
finance sector in terms of IP. FinTech innovations and their
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impact tend to cut across a number of industry sectors (e.g., Ama-
zon Lending nonbank lending from Amazon, an e-commerce
operator, and mobile wallets, such as ApplePay from Apple,
which is a technology company) [6], [12]. Besides such specific
innovations, many emerging technologies which may not be
exclusive to financial applications, also have significant implica-
tions for financial services (e.g., cloud computing and distributed
ledger technology) [3], [6].

There are also some more general shifts taking place in
the finance sector in relation to patents and litigation. High-
technology products that act as drivers of financial innovation
are bringing new players into the financial sector [6], and patent
lawsuits involving financial products are shifting from third-
party suits to suits involving competitors (e.g., bank-on-bank
litigation) [3], [6].

With established financial services providers and startups both
competing and collaborating to develop and deploy FinTech
products and services, there are additional reasons for both types
of players to “clearly define and protect their IP, especially when
working with multiple third parties, so as to control the use
of their IP rights, including permitted use under licensing and
collaborative arrangements” as described by Medeiros and Chau
[7, p. 307].

While the increased IP activities of financial organizations
have received some research attention [6], [9], [13], as have
issues relating to the content and categorization of FinTech
patents [3], [5], less attention has been given to the quality
of patents in the finance sector in general, and specifically the
FinTech industry. There are significant reasons, however, why
patent quality could be an important aspect of IP strategies in the
area of FinTech. As Katopis [5] discusses in relation to the USA,
record numbers of patents are being awarded at an accelerating
pace in the FinTech sector. According to Katopis [5], due to
the early stage of the technologies involved and of the FinTech
sector itself, as well as the sometimes esoteric technical aspects
of FinTech, including blockchain technologies, FinTech patents
may be more likely to be associated with spurious or indefensible
claims and capital raising, rather than legitimate technical or
business purposes.

Further, due to the wide use of open-source licensed tech-
nologies in FinTech (especially in blockchain applications) [14],
patents may be of questionable relevance and utility. As a result,
the FinTech industry may be in danger of finding itself “plagued
by a wide variety of poor-quality patents and specious patent
litigation,” particularly in the USA where the “USPTO’s mech-
anisms for invalidating poor-quality patent claims have been
strengthened” both through legislation and recent court rulings
[5, p. 25–27].

Having a way to assess the quality of FinTech patents in a
timely way, therefore, could provide a useful heuristic in terms
of estimating their robustness and rigor and informing further
due diligence activities for entities in the sector considering
defensive or offensive investments in FinTech IP. This may relate
to 1) the acquisition of patents through corporate mergers and
acquisitions or through licensing and the resulting valuation ne-
gotiations, 2) decisions on whether to fight infringement suits in
court or pursue claims against potential infringers, or 3) knowing
which factors to pay particular attention to when drawing-up and

filing for a FinTech patent in order to maximize its quality and,
by extension, its defensibility for a given outlay.

To address the issue of FinTech patent quality and how to
measure such quality in order to understand better the value and
potential of patents for patent holders [5], this article develops a
customized reflective patent quality measurement model to as-
sess unobserved patent quality in the FinTech industry, referred
to as the FinTech patent quality index (FPQI).

The article seeks to provide, through the proposed index, a
timely way to recognize high-quality patents in the FinTech sec-
tor. This enables academic researchers as well as organizations,
decision-makers, and policymakers with an interest in FinTech
to identify, track, and evaluate FinTech-related patents in terms
of quality, in addition to quantity. The FPQI developed is used
to assess the average quality of patents by analyzing a sample
of 16 387 patents relating to the FinTech field over 20 years.

Furthermore, using the FPQI, the article seeks to address
the following research questions relating to patent quality: 1)
what is the quality and distribution of patents by organizations
involved in FinTech based on the proposed index? 2) what is
the distribution of FinTech patent quality based on different
jurisdictions? 3) what is the distribution of patent quality in
relation to specific technical fields (IPCs)? and 4) is there a
relation between the average FinTech patent quality of firms
and their earnings?

The remainder of this article is organized as follows. Section
II provides an extensive analysis of the literature pertaining to
FinTech and patent quality. Section III outlines the research
method, including the sample, data, and measures of variables.
Section IV presents the developed reflective measurement model
and presentation of the new index, followed by details on esti-
mating loadings and weights. Section V presents the application
of the FPQI for comparing jurisdictions, technical domains, and
leading organizations. Section VI presents the results of our
analysis regarding the aforementioned applications. Section VII
discusses the critical contributions of the research, outlining how
the proposed index can be used to judge the quality and value of
IP assets in the field. Section VIII presents key conclusions and
opportunities for future article.

II. THEORETICAL FRAMEWORK

Technological advances and innovation change can pave the
way for the dominance of new technologies in markets and can
play a fundamental role in the knowledge era for the competi-
tiveness of organizations and the economic growth of countries
[15]. They also pave the way for dominance over established
technologies in existing markets [16] as well as enhancing
discovery processes in the R&D strategy of an organization [17].

FinTech is defined by the Financial Stability Board [4] as
“Technology-enabled innovation in financial services that could
result in new business models, applications, processes or prod-
ucts with an associated material effect on the provision of
financial services,” with the term FinTech having developed
from media usage as an abbreviation for Financial Technology
[18]. Financial services as a sector have been at the forefront
of technological innovation, since the 1970’s [19], [20], [21]. In
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recent years, the sector has undergone even more radical trans-
formation and change, driven by emerging so-called “unicorn”
disruptor organizations and the digital transformation of large
financial services incumbents, with large financial institutions
increasing their investment in technological innovation over the
past few years [9].

The importance for financial services organizations of fo-
cusing on FinTech innovation is revealed in existing research
with a significant positive association between profitability and
FinTech innovation [10], [22], [23]. Companies are applying
FinTech to implement new business models and alter the way
financial services are offered [24], [25]. This represents process
change and service innovation in the business activities of the fi-
nancial services industry [26], [27], enabled by emerging digital
technologies and process innovation [3]. The recent global finan-
cial crisis led to a significant increase in innovation in FinTech,
enabled by government policy and regulator attentiveness as
much as by operational and business strategy reasons [28], [29].

Furthermore, Zhao et al. [10] indicated that FinTech innova-
tion results in better management efficiency for organizations
with applications of big data analytics, blockchain, and finan-
cial service automation, enabling organizations to simplify and
improve their operations. Chen and Chang [13] highlighted that
FinTech patents have a significant impact on return on assets for
the financial industry and hence, the industry can expend more
effort applying for FinTech patents to increase performance.
Indeed, Zhao et al. [10] found that the number of bank-owned
patents have a beneficial effect on management efficiency and
the quality of bank-owned patents potentially increases bank
profitability.

Within the financial services industry, research relating to
patents has focused so far on the patenting activities of in-
vestment banks and revealed a correlation with their size, with
smaller organizations failing to obtain patent rights [30]. With
FinTech being a fast-moving and increasingly competitive tech-
nological field that depends increasingly on the effective man-
agement of IP [3], [25], [31], innovative performance, and max-
imizing return on IP investment will be key for all organizations
involved in the provision of financial services.

A. Patent Quality

Many organizations are currently attempting to develop and
use multiple tools for analyzing the value of patents [32], [33].
In this context, a good knowledge of patent quality and how to
assess it, can support effective decision-making for the organi-
zation around its IP [34] as well as encourage R&D investments
and commercialization of inventions [35]. At an organization
level, how companies manage their R&D collaborations at the
knowledge domain level is critical [36]. Indeed, the inclusion
of input (e.g., R&D investment) and outcome (e.g., firm prof-
itability and revenues from new products) metrics can be used
to evaluate the return on the innovation investment [10], [37].

Within such a context, patent quality is increasingly seen by
both academics and practitioners as a key parameter in helping
organizations’ operations improve their performance relative
to competitors [38], [39]. The importance of patents as an
indicator of firm innovation is reflected by the fact that Ding

et al. [40] employed granted patents as the main measure of firm
innovation. However, due to added litigation, licensing costs,
and reduced sequential innovation in various industries, there
are claims of a decrease in patent quality, leading to diminished
innovation, mainly concerning software patents [41].

How to measure patent quality, more generally, is a con-
tentious question in the field of IP, with a multiplicity of ap-
proaches used to arrive at a level of patent quality for economic
analysis purposes [42]. Even though the research into the eval-
uation and classification of patent quality is quite fragmented,
researchers continue to seek to measure the standard of patent
quality through various evaluation criteria.

Many studies that account for variability in the quality of
patented innovation use a single indicator, for example, forward
citations [34]. The drawback of employing any single indicator
over time is that the “production” of the indicator may change
over that time [43], but also that the indicator may ignore the
relevance and importance of other measures which could be
important for specific technologies.

As various combinations of search methods and quality levels
of patents are used to study the quality of patents, the ap-
proaches and findings reported in the literature from different
researchers can be ambiguous or even contradictory [44]. To
generate value-weighted patent counts would be a hypothetically
appealing solution to this variation, with patent weighting based
on the value and importance of these patents. Such a construction
would benefit numerous relevant research areas, including, but
not limited to, financial technologies [45].

The term “patent quality” has been utilized with various defi-
nitions in the economic literature and its meaning varies widely
across organizations, patents, and industries over time [46]. The
indicators used for the definitions of patent quality focus on the
legal validity of a patent’s economic value. A common practice
in the literature is to qualify a patent system as “strong” when
more domains are patentable; when the term of protection is
lengthened; when the geographical scope is enlarged; or when
patent holders have more power in lawsuits [47]. Furthermore,
Guellec and van Pottelsberghe de la Potterie [46] distinguished
two factors that explain patent quality: technological value and
legal rights. A patent’s technical value is determined by its
lifetime, breadth, and nonobviousness [48].

Patent quality is undoubtedly a contested and sometimes
elusive concept. As a result, many empirical approaches can be
found throughout the literature to measure the quality of a patent
[42]. Table I presents a description of patent quality variables
from the existing literature.

The array of factors that reflect the overall quality of a patent
are illustrated in Table I. The methods used vary greatly. For
example, some authors rely solely on each patent’s monetary
value [52], [61] or the present value assessed by experts on a
value scale [62]. Others use forward-looking patent citations
[63], a composite indicator [43], the likelihood of the patent
being granted [64], renewal data and patent opposition [65],
or demands for fast-tracked examination by the applicant [66].
Cammarano [67] evaluated the quality of patents through the
analysis of forward citations received. A key criticism regard-
ing patent citation indicators is the possibility of examiners
requesting citations to be added, rather than applicants being
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TABLE I
DESCRIPTION OF ESTABLISHED PATENT QUALITY INDICATORS

willing to include them, reducing their importance as a measure
of knowledge flows [68]. Such diversity of measures makes the
assessment and comparison of patent quality difficult, as there
is no consensus on evaluating the quality of a patent.

Therefore, to construct a comprehensive FPQI, we conducted
an extensive literature analysis, searching published articles in
Scopus and Web of Science databases for the period 2000–2020.
We searched the patent literature for patent-related keywords.
For example, we searched for “patent quality,” “patent value,”
and “patent index,” all of which could have the same meaning.
Then we selected articles that included any terms related to
patent indicators or analysis of patent quality. Of 44 studies
focused on patent quality, 22 were chosen to be scrutinized based
on their relevance to patent quality indicators (Table II). In total,
17 unique indicators were identified in the literature, with each
indicator reported at least twice in publications focused on patent
quality. This approach to selecting the most frequently refer-
enced indicators from the literature is in line with established
practices [69], [70].

Utilizing the practice of indicator selection based upon num-
ber of occurrences in the literature (Table II), this article proceeds
with constructing an index based on the FPQI indicators using
the top six indicators, namely: forward citation, backward cita-
tion, nonpatent citation (NPL), claims count, family size, and
four-digit IPC classes.

III. RESEARCH METHOD

The advantage of the indexation approach and the benefits
of aggregation allows us to develop comprehensive conclusions
with respect to patents’ quality at a 1) microlevel (organization),
by assessing the firm’s individual patent quality, 2) macrolevel
(country), by assessing the average patent quality of each juris-
diction of interest, and 3) technical-level (IPC), by assessing
the quality of a patent in a specific technical field. Indeed,
indices have already been developed and used in the context
of business literature to provide information with respect to
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TABLE II
KEY PATENT INDICATORS ESTABLISHED IN THE LITERATURE

different markets and products. For example, indexation ap-
proaches have been used by several studies to estimate cultural
distances based on deviations from Hofstede’s [80] national
scores [81]. Others have been used to capture differences across
jurisdictions on trade policy, taxation policy, government con-
sumption of economic output, monetary and banking policy,
capital flows and foreign investment, wage and price controls,
property rights, regulatory climate, and black-market activity
by measuring deviations of the Economic Freedom Index1 [81],
[82], while others use the indexation approach to estimate the
potential of emerging markets through a combination of eco-
nomic, cultural, and infrastructural aggregates [83], [84].

By using a combination of variables, the development of an
index enables the better assessment of patent quality, relative
to any single variable used for its construction. Thus, the ag-
gregation process that leads to the creation of indices provides
a better understanding of markets, contributes to the design of
more suitable market strategies and programmes, helping corpo-
rations and organizations to focus on those patents that have the
greatest chance of being successful, identifying new marketing
opportunities, as well as finding more effective allocation of
financial and other resources.

A. Sample and Data

To analyze FinTech patenting trends, data were collected from
the Derwent Innovations Index (DII), which is one of the most
comprehensive databases of international patent information,
including 70 million described patents. We searched for patents
between 2000 and 2019 (December 31st). A search strategy

1[Online]. Available: https://www.heritage.org/index/

based on keywords relevant to FinTech was used since a search
based on IPCs would be challenging due to the multidisciplinary
nature of the FinTech sector. Different combinations of 35
keywords (see Appendix I for the details of keywords) were used
that were deemed to be most likely to relate to FinTech based on
a careful review of the previous FinTech scientific literature [3],
[25]. Keywords were searched in the patent title and the abstract
since they provide the most concise and accurate description of
a patented invention. The search process identified a total of 16
387 patents.

In addition, to further test our constructed index, we col-
lected data from the Thomson–Reuters database on Revenue
and EBITDA2 (earnings before interest, taxes, depreciation,
and Amortization) for 37 selected companies. Finally, we test
our proposed index against some universal metrics in Fin-
Tech, by considering the Findexable Global Index score (https:
//findexable.com).

B. Measures of Variables

All the data collected from the DII [e.g., backward citation,
forward citation, nonpatent citation (NPL), claims count, fam-
ily, and IPC classification] and the Findexable Global Index
are expressed in pure units. Further, data collected from the
Thomson–Reuters database, such as Revenue and EBITDA, are
measured in millions of U.S. dollars.

2EBITDA stands for earnings before interest, taxes, depreciation, and amor-
tization, and is a metric used to evaluate a company’s operating performance.
EBITDA facilitates analysis through enabling comparison of the profitability
between companies and industries, as it eliminates the effects of financing,
government, or accounting decisions.
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Fig. 1. (Reflective) proposed model.

IV. TOWARD CONSTRUCTION OF THE FINTECH PATENT

QUALITY INDEX

This section discusses and introduces the proposed index by
focusing on the procedure and the statistical techniques used
for its construction. Then, the estimated parameters of the basic
model used in constructing the FPQI are presented.

A. Index and Data Analysis Procedure

The construction of an FPQI is based both on the selection
of a set of indicators derived from the established literature
and the use of statistical methods, such as structural equation
modeling (SEM) techniques. Specifically, our proposed index
that assesses the unobserved patent quality is developed as a
linear combination of the observed indicators multiplied by their
weight. Thus, for each patent j its quality is given by formula 1
(F.1)

PQj =
∑

i

wiyij

where PQj stands for patent Quality and denotes the patent
quality of patent j, which is reflected in the weighted sum of the
observed indicators. wi is the weight of the indicator yi.

The weights of the observed indicators are calculated by
applying the following formula 2 (F.2):

wi =
λi∑
i λi

where λi is the factor loading of indicator yi, estimated by the
following reflective measurement model analytically presented
in Fig. 1.

By construction, weights are percentage units and our pro-
posed index takes positive values. Additionally, our index is
said to be in a consistent state since it is a good representation
of its corresponding database state. We reach this conclusion
after the construction of our index and its application in our
dataset, by showing that it is highly associated with each single
indicator used for its construction (See Appendix II for further
information). We proceed with the construction of our index by
considering that the unobserved patent quality is not affected
by any observed explicit variable. On the contrary, existing
patent quality can influence a set of explicit variables. Thus, the
same variables can be used to reflect patent quality [45]. Due
to this mechanism, we consider a reflective measurement model
to describe the relationship between the patent quality (latent
variable) and a set of explicit variables (observed variables).

In SEM, a reflective measurement model is a multivariate
statistical analysis technique that is used to analyze and study
structural relationships [85], [86], [87]. This technique combines
factor analysis and multiple regression analysis to explore the
structural relationship between measured (observed) variables
and latent (unobserved) constructs. The analytical consideration
of the previous theoretical and empirical studies on patent quality
shows that our proposed methodology related to the factor
analysis represents and underlies the notion of “quality.” Fig. 1
illustrates an analytical representation of our structural equations
model.

Patent quality is our latent variable, while the variables within
the boxes are the observed patent indicators. The one-directional
arrows describe the structural relationship between the latent and
the observed variables; λ’s denote the factor loading coefficients.
A squared standardized factor loading (i.e., λ2

i ) indicates the
proportion of variance in the explicit variable yi that is explained
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TABLE III
ESTIMATED LOADINGS FOR EACH INDICATOR

by the patent quality (i.e., latent variable). It follows that (1−λ2
i )

provides the proportion of the explicit variable’s variance that is
not explained by patent quality [86], [87].

We estimate our proposed SEM (Fig. 1) by considering the
standard maximum-likelihood estimation [85]. Moreover, the
bidirectional arrow, denoted by c1, indicates a correlation be-
tween the “claims count” and “IPC classification” indicators,
based on the notion that some of the covariances in these
indicators are not explained by the latent variable and instead
are due to another common exogenous cause. Specifically, to
measure patent scope, two approaches are classically involved
in the existing literature: 1) counting the number of technological
classifications assigned to the patent (IPCs) [63], and 2) counting
the number of claims in the patent. The patent has high practical
value when many technical fields are included in a patent. Lerner
[63] suggested that the number of IPCs can symbolize the scope
of the patented invention and is highly associated with its market
value [45].

The number of claims has been exercised substantially as
a sign of an invention’s breadth and profitability. Claims can
codify the description of the invention and establish the scope
of protection in case of a grant. Furthermore, a more significant
number of claims referred to in a patent represent a breadth of
patent protection [43]. Therefore, some of the shared variances
between these two indicators (i.e., “claims count” and “IPC
classification”) are due to the latent factor (i.e., “patent quality”),
while some of the shared variances are due to an external cause
(i.e., “patent scope”).

B. Estimating Loadings and Weights for the Index

After estimating our reflective measurement model, we obtain
the estimators for the factor loadings. Then, we use them to
construct a patent quality index based on the weighted sum of
the above-observed indicators.

By estimating the reflective measurement model, we obtain
the factor loadings λ′s for the six indicators y′s of patent quality
in the FinTech field. Table III presents the standardized estimated
loadings and their standard errors in parenthesis. Moreover, it

provides us with the estimation of the correlation c1 between
the variables “claims count” and “IPC classification” and their
standard error.

Table III shows that the estimated factor loadings λ′s for the
backward and forward citations, the family size, and the IPC
classification are statistically significant at a = 1%. In contrast,
the estimated factor loading of the number of claims is statisti-
cally substantial at α= 5%. It is also shown that the factor load-
ing of the indicators “backward citation,” “NPL,” and “forward
citation” are higher than those of “claims count,” “family,” and
“IPC classification.” This implies that patent quality is reflected
more on the indicators that are related to backward and forward
citations and less on those related to the number of claims,
family size, and IPC classification. Despite the magnitude of
the estimators, they are all statistically significant and reflect a
great part of the unobserved patent quality. By following the
guidelines that come from the findings of simulation studies
conducted by Hu and Bentler [88] and [89] concerning the
comprehensive evaluation of cutoff criteria of fit indices, we
find that all the goodness-of-fit indices obtained indicate that
the model fits well. Specifically, we conclude that the model
fits well the data based on the following goodness-of-fit indices.
The value of root mean square error is low and equals 0.086,
comparative fit index and Tucker–Lewis index are 0.910 and
0.831, respectively, and coefficient of determination, which is
like an R2 for the whole model is 75%, which indicates a very
good fit.

To construct a patent quality index, we need to convert es-
timated factor loadings into percentage weights by using F.2.
Thus, the percentage weights of each indicator are presented,
in Appendix III, which reveals that the indicators related to
backward and forward citations have higher weights. Then, by
applying F.1 of the patent quality index in our FinTech sample,
which consists of 16 387 patents, we obtain the mean patent
quality in our sample, equal to 8.5, with its standard deviation
being 32.72. The maximum value of the index is 1309.77, while
the minimum value is 0.14.

C. Application of FPQI for Comparing Jurisdictions,
Technical Domains, and Leading Organizations

After constructing our proposed index by following the proce-
dure above, we further proceed by testing the constructed index
(FPQI) in three different cases, i.e., country-level analysis, tech-
nical field (IPC)-level analysis, and organization-level analysis.

1) Country-Level Application: First, we proceed with the
country-level analysis, by identifying potential differences
across jurisdictions for 1) patent quality, as our index captures it,
and 2) every single indicator used to construct the index. Based
on sample size availability, we consider five jurisdictions, i.e.,
the USA, China, Europe, Japan, and Korea (total sample size 16
387 patents). We observe that the USA is the leading jurisdiction
in terms of registered patents number, as it accounts for a total
of 39.5% of the sample. China accounts for the second position
with approximately 15.5% of patents, while Korea is at the third
rank, which accounts for 12.2% of the total sample. Patents
in Europe and Japan represent approximately 7.1% and 7.8%,

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination. 



8 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

TABLE IV
MEAN SCORES FROM FPQI BY INDICATORS

Fig. 2. Sample balance of IPCs across jurisdictions.

respectively. These five jurisdictions count for more than 82%
of the total sample size.

Regarding the country-level analysis, we used patent applica-
tions in time by considering the application year instead of the
granting year. The application year is closer to the point in time
when the invention is developed since the granting process typi-
cally takes a long time [90]. Instead, to assign a patent application
to a country, we used the applicants’ location and computed
the sum of each country’s fractional count of applications [76].
Then, we study whether there are significant differences between
the mean scores of the considered jurisdictions for 1) patent
quality and 2) every single indicator by considering a one-way
between-groups analysis of variance (ANOVA) [91]. These were
further explored by conducting post-hoc comparisons and bilat-
eral tests where significant differences were identified by the
Bonferroni correction [92], [93]. Table IV illustrates the mean
scores of each independent variable for each jurisdiction.

According to the results presented in Table IV, we observe
that the USA is by far the leading jurisdiction for patent quality
as its mean score (16.99) is much greater than the mean scores
of patent quality in China (2.39), Europe (3.65), Japan (3.89),
and Korea (2.34), respectively. In a similar vein, the mean scores
of the USA concerning the variables Backward Citation, Non-
Patent Literature (NPL), Forward Citation, and marginally for
the variable IPC Classification are higher than those of the rest
of the jurisdictions. However, for the variable Claims Counts,
the mean score of Japan is the highest, followed by Europe, the
USA, Korea, and China, respectively. Concerning the variable

Family size, Japan has the highest mean score, closely followed
by the USA and Europe, while China and Korea appear to have
the lowest mean scores.

2) Technical Field Application: Next, we proceed with tech-
nical field-level analysis, by considering the top five IPCs based
on the sample size availability in FinTech. IPC enables users
to find a detailed patent document and its technical fields or
an informative technology overview by IPC categories relating
to a specific technology. Therefore, we consider G06Q3002,
which stands for e-shopping or e-commerce, HQ4L0932, which
stands for verifying the identity or authority of a user of the
system, G06Q2040, which stands for identification of payer or
payee, G06Q2038, which stands for Payment protocols, and
G06Q2036, electronic wallets. Fig. 2 illustrates a crosstab anal-
ysis for the jurisdictions across different IPCs.

For all selected IPCs, the USA is the leader pertaining to the
number of patents, China and Korea follow, while Europe and
Japan have the fewest number of patents for each IPC. For each
of these IPCs, we study whether there are significant differences
in patent quality between the five chosen jurisdictions, by using
ANOVA tests and post-hoc tests.

3) Organization-Level Application: Finally, we analyzed the
identity of the leading patent organizations in the FinTech do-
main in the world, as suggested by Albino et al. [90]. This
analysis identifies organizations involved in developing FinTech
solutions. We consider data for to Revenue and EBITDA for
all the companies in our sample for which data were available.
This was done to study the relationship between their average
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TABLE V
MEAN SCORE OF THE SELECTED PAIRS OF JURISDICTIONS

FinTech patent quality, as calculated using our index, with their
revenue and earnings before taxes. To ensure a consistent data
collection standard, the chosen organizations should meet the
following criteria: 1) the company must be listed on the stock
market; and 2) the company must have a minimum of one granted
patent in the FinTech field. The details of companies and related
information regarding patent count, revenue, and EBIDITA are
listed in Appendix IV.

According to the aforementioned criteria, the total number of
registered patents for all 37 selected companies is 4367 patents,
approximately 26.65% of the total dataset used to construct the
patent quality index in the previous sections.

We use the constructed index (FPQI) to calculate the average
FinTech patent quality for each selected company. Similarly,
based on the data collected from the Thomson–Reuters database
for the same period, we calculate each company’s average rev-
enue. Then, to study and describe the association between the
average FinTech patent quality of a company against its average
revenue, we consider the following regression model between
these two variables. Therefore, for a company k

ln (Average Fintech Patent Quality)k

= αk ln(Average Revenue)k + uk.

The association between the average FinTech patent quality
of a company and its average revenue are presented in the below
section related to organization-level results.

V. RESULTS

In this section, we present the results of the analyses, discussed
in the previous sections. Specifically, we present the results
from the country-level analysis, the technical field (IPC)-level
analysis, and finally, the organization-level analysis.

A. Country-Level Results

A one-way between-groups ANOVA is conducted to establish
the significance of differences across the five jurisdictions for
1) patent quality and 2) every single indicator used in the
construction of the index. This is followed by t-tests between
pairs of jurisdictions, where significant differences are indicated.
Table V illustrates the differences in mean scores between pairs
of jurisdictions for the aggregated patent quality index and each
indicator used to construct the index separately.

For the total sample, we observe that, on average, the patent
quality is higher in the USA compared to its rivals, i.e., China,
Europe, Japan, and Korea. At the same time, no big differences
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Fig. 3. Comparison of FPQI and the Findexable index score.

are identified between the other pairs of jurisdictions for the
mean scores of the patent quality. These results follow those from
the indicators that count for backward citations (i.e., backward
citation and NPL) and forward citations (i.e., forward citation).
For the backward and forward citation indicators, the USA
mean score is higher than those of China, Europe, Japan, and
Korea, while no differences were identified for the other pairs.
Moreover, some variations exist for the remaining indicators.
Specifically, the mean scores of “claims count” in both the USA
and Europe are higher than that of China, while Japan’s mean
score is higher than those of the USA, China, and Korea. Sim-
ilarly, for the “family” variable, the USA, Europe, and Japan’s
mean scores are higher than China’s and Korea’s. Finally, for
“IPC Classification,” the mean scores in all jurisdictions are
higher than that of China, while the USA scores higher than
Japan.

The Findexable Global Index ranks the FinTech ecosystems
of 65 countries worldwide and has been widely used in the
academic literature to capture the overall performance of global
FinTech jurisdictions [94]. To further strengthen the results of
our country-level analysis and to test the robustness of our
proposed index against some universal metrics in FinTech, we
considered the Findexable Global Index score as a supplemen-
tary tool to compare the jurisdictional ranking of the FinTech
ecosystems included with our FPQI ranking. Fig. 3 illustrates
the association between the mean scores of our patent quality
index (vertical axis) and the Findexable Index score (horizontal
axis).

The analysis illustrates that the USA is the leading jurisdiction
both for the mean patent quality and the FinTech index score,
with its FinTech score being higher than China, Europe, Japan,
and Korea. As illustrated in Fig. 3, Japan, Europe, China, and
South Korea have similar rankings, indicating minor variations
in their FinTech scores. These results reveal no significant
differences concerning mean scores of patent quality for these
four jurisdictions. There is an alignment between the FPQI
and the Findexable Index score, illustrating the importance and
contribution of patenting to overall FinTech activities in the
jurisdictions studied.

B. Technical Field-Level Results

We proceed by carrying out an ANOVA test, with Bonferroni
correction for each IPC, and then we run post-hoc tests be-
tween different jurisdictions. Table VI presents the results of our
analysis.

Concerning the G06Q2036, the ANOVA test reveals no
significant difference in the mean scores of patent quality
between jurisdictions. Moreover, for the other IPCs, namely
G06Q2038, G06Q2040, H04L0932, and G06Q3002, we found
that the mean patent quality score is higher in the USA com-
pared to the scores in China and Korea, respectively. No other
significant differences are identified.

C. Organization-Level Results

Table VII presents the results of the regression analysis model
described in the previous section.

Our results show a statistically significant positive correlation
(i.e., a= 1%) between a company’s average FinTech patent qual-
ity and its average earnings. Further, we also study the robustness
of the results by considering the average EBITDA as a measure
of the profitability of the companies. After conducting another
regression analysis between the average patent quality and the
average EBITDA, we found a positive correlation between com-
panies’ average profitability, as measured by EBITDA, and their
average patent quality.

Fig. 4 illustrates the relative trends between companies’ av-
erage patent quality and their average annual financial mea-
sures (i.e., revenue and EBITDA) without direct compara-
bility regarding units and scales. Also, a table that includes
detailed information on selected companies can be found in
Appendix IV.

VI. DISCUSSION

This article examines the issue of patent quality in the field
of FinTech, patenting activities in key jurisdictions together
with the operational performance of organizations involved in
patenting FinTech IP. A novel FPQI was derived from indicators
in the existing literature, which was subsequently tested in
relation to 1) geographical jurisdictions of patent priority, 2)
IPCs (technology class fields), and 3) organizations’ earnings.
This article extends the existing knowledge base pertaining
to patenting activities, especially in the FinTech domain, and
the learnings are of value to multiple stakeholders, including
academia, private sector organizations, and policymakers.

Patents in the FinTech sector are being awarded at an ac-
celerating pace; however, due to the early stage of technology
progress in some FinTech fields, patents may be linked to inde-
fensible claims and capital raising rather than legitimate tech-
nical or business purposes [5]. Furthermore, strong anti-patent
sentiment exists in some FinTech areas, for example, blockchain
technology, which has led to a form of open-source patenting
activity [14]. Given these circumstances, we were motivated to
assemble from the existing literature the most relevant indicators
to construct a patent index and examine its efficacy in the case of
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TABLE VI
MEAN SCORE OF PATENT QUALITY BASED ON THE SELECTED IPCS

Fig. 4. Visual representation of revenue, EBIDTA, and patent quality of the 37 firms studied.3

FinTech. In comparison to previous indices, the FPQI follows an
updated approach with a holistic view of all the existing recorded
literature to create the proposed index. Indeed, much of what is
explained by previous indices depends heavily on the citation
indicators; however, we included other indicators (e.g., claims
and family size), thereby going beyond backward and forward
citations to measure patent quality.

Numerous academics and practitioners endorse the impor-
tance of strategies in patent filing in emerging technologies

3Note: In the part of the graph where the red line (average patent quality)
with two other lines (yellow and green) are the least distant from each other, it
can be inferred that the company has a better financial performance in terms of
its quality patents portfolio. This is relevant to organisations, such as Kona I,
Alcatel, PayPal, and Square Inc.
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TABLE VII
REGRESSION ANALYSIS

[14], [70], [95]. Through an extensive literature review of patent
quality studies, we collected and analyzed all possible indicators
reported in the literature that have been used to assess the quality
of patents in several fields, including but not limited to FinTech.
This analysis provides some important insights regarding patent
quality and enhances knowledge about the structural relation-
ship between all those indicators and the unobserved variable
of the quality of patents. Furthermore, this article illustrates
the value of patenting by showing the positive relationship
between patenting and organization earnings, illustrating the
performance benefits for organizations in filing patents, in line
with the findings of Ding et al. [40].

Exploring patent jurisdictions in more detail, this article
reveals a substantial increase in the rate of registered patents
and the quality of registered patents in the USA between 2016
and 2020, aligned with previous studies in other established
industries [96]. It also reveals a significant increase in claims
counts in some geographical jurisdictions, such as South Korea,
illustrating South Korea’s growth as a jurisdiction with signif-
icant FinTech innovation activities. Japan appears to position
itself as the strongest country for IP protection, by emphasizing
the scope and boundaries of a patent. Indeed, Japan’s positioning
within FinTech innovation seems to have evolved from leading
the USA in 2000 in terms of the number of patents filed (86
patents vs. 71 patents), a position it retained until 2006, to a
situation in 2019 where the USA had 954 patents to Japan’s
68 patents. This would suggest a reduced focus on FinTech
patents in Japan. Further, it is pertinent to mention that in some
subclasses of the FinTech field, such as blockchain technology,
previous articles [14], [95] found that the USA and China are
among the two leading countries for patent activities in the field.
However, we did not observe this for China when it comes to
the quality of registered patents.

Focusing specifically on the FinTech domains, it is clear from
our findings that particular jurisdictions dominate. The USA, for
example, has been a pioneer in most of the technological fields
related to FinTech, particularly payment protocols, e-commerce,
and identification of payee and payer technology. However, in
areas such as “electronic wallets,” no one country dominates
and countries, such as the Republic of Korea, have illustrated

significant activity in this area, reflected both in terms of the
quality and quantity of patents

Considering all of the above, this article has some impor-
tant implications for practice. Identifying high-quality patents
promptly can boost the probability of success of an organiza-
tion aiming to compete on the IP front in the FinTech sector.
Our FPQI can assist in this regard. It enables organizations to
assess the quality of organization patents and helps inform the
development and deployment of FinTech technologies through,
for example, collaborative partnerships and/or IP licensing
agreements. Furthermore, the FPQI can potentially be used
to guide assessments of the quality and value of an organiza-
tion’s IP assets and potential, in a merger or acquisition situa-
tion, or when deciding whether to invest in defending patents
held.

In March 2021, Technisys (a company behind a next-
generation core and digital banking platform) announced its
acquisition of Kona I,4 a South Korean company, and pioneer
in artificial intelligence chatbots based on its registered patents.
This acquisition illustrates the value of this article, which high-
lighted Kona I (one of the 34 companies analyzed in this article)
as a leader in terms of the quality of patents. This example helps
to illustrate the potential usefulness of the FPQI as a tool for
identifying high-quality patents held by organizations that may
be fruitful targets for alliances/takeovers/investments.

Beyond academia and industry, the FPQI can also allow
policymakers to better understand their jurisdictions’ standing in
terms of patenting within FinTech, thereby informing policy for
to improving their jurisdictions’ attractiveness as a destination
for FinTech innovation [97].

VII. CONCLUSION

As the FinTech sector evolves, the valuation of organizations
with FinTech activities and IP strategies will likely become
more critical. Organizations and investors will require practical
approaches to valuing IP and commercial portfolios. As reported
in previous article [10], [98], FinTech innovation results in better
management efficiency with applications of big data analytics,
blockchain, and financial services automation described as en-
abling organizations to simplify and improve their processes.
Having up-to-date insights on high-quality patents as enabled by
the FPQI, therefore, represents a significant informational and
strategic resource for organizations and managers. It provides
them with insights on potential organizations to approach, in
either a partnership or user capacity. For organizations seek-
ing to expand their operations internationally, the FPQI helps
provide insights on the IP capacity and capabilities of multiple
jurisdictions worldwide, together with insights on the leading
jurisdictions for specific technical domains.

More broadly, the importance of patents as an indicator of
firm financial performance is reflected by the fact that Ding
et al. [40] employed granted patents as the primary measure

4[Online]. Available: https://www.FinTechfutures.com/2021/03/core-
banking-provider-technisys-buys-ai-chatbot-operator-kona/
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of firm innovation and revealed strong evidence that FinTech
innovation has a positive impact on the real economy. This
article, by developing an index that facilitates analysis at a 1)
country, 2) technical field, and 3) organization level provides
great utility to any stakeholder seeking to better understand
and further investigate the impact which patenting activities
have on the real economy. This article, therefore, represents
a significant basis for further article focused on the impact of
patenting activity on national economies [97], [99].

Nevertheless, there are limitations to this article. To date,
there is no uncontested approach and consensus in academic
research or among practitioners on evaluating the quality of
a patent. As a result, it has been challenging to establish an
accurate metric for the quality of a patent, as most metrics have
been subjective. Furthermore, while patent quality is essential,
it is also worth noting that not every high-quality invention is
patented [62]. Despite this, in this article, a great effort has been
made to assemble the most relevant indicators from the existing
literature to construct a customized FinTech quality index and
examine patents in different jurisdictions, technical fields and
leading organizations.

While this article aims to examine the existence of potential
associations between the variables of our interest, establishing

causality is beyond the focus of this article. Nevertheless, such
correlations may constitute the first step for future article to fur-
ther study the possible causality between the variables identified.

The authors believe that there are some significant avenues
for future articles to build upon the contributions of this ar-
ticles. Further articles exploring the utility of the FPQI to
organizations involved in mergers and strategic alliance activ-
ities would be of value. Focusing on patenting strategies, a
comparison of traditional banks (e.g., JP Morgan or Bank of
America) versus large technology companies (e.g., Apple) and
how they use internal and external resources to develop their
patent strategies could be a valuable avenue for further article
related to FinTech utilizing this index. Exploring country level
differences in the propensity to report information in patent
applications (e.g., USPTO patents are more likely to exhibit
a wider range of backward citations) would add further un-
derstanding of variation in jurisdictional quality. Furthermore,
exploring the quality of non-FinTech patents, their contribution
to an organization’s earnings, and their impact on a nation’s
real economy, represents an additional opportunity for future
article.

APPENDICES

APPENDIX I
THE SEARCH STRING APPLIED FOR THE FINTECH PATENTS SEARCH

APPENDIX II
CORRELATION ANALYSIS
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APPENDIX III
WEIGHTS OF EACH INDICATOR

APPENDIX IV
COMPANY DETAILS AND RELATED INFORMATION REGARDING PATENT COUNT, REVENUE, AND EBIDITA
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