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innovation outcomes such as patents and data breaches associated with those firms. We show
that patent activity has enjoyed modest growth year over year, however firms still have challenges
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1. Introduction

Innovation has been studied well in other sectors. Most studies focus on high-tech, high-growth
sectors such as, Coad and Rao (2008) who investigate innovation in high-tech sectors and Unsal and
Rayfield (2019) who investigate the role of innovation in the healthcare sector. However, little is
known about the innovation and patenting activity of financial technology firms. Financial technology
is a rapidly growing sector of finance. The innovation of financial technology, in particular, is
disrupting business as usual practice in the finance industry. Practitioners and experts agree on the
disruptiveness of the new technology synthesized by financial technology firms such as blockchain
Cai (2018), crowdfunding Mollick (2014), and even something as simple as a search engine Hodge et
al. (2004). In this study, we survey both the literature as well as do a preliminary investigation on the

innovation and patenting activity of the financial technology industry.

Financial technology has become one of the newest trends in the finance sector. It has become a
broad term to describe innovations in the financial sector generally related to the internet,
technology, and mobile and cloud computing. Encouraging innovation is vital to the growth
prospects of a firm. Fagerberg (2006) draws a distinction between invention as innovation "first
occurrence of an idea for a new product or process, while innovation is the first attempt to carry it
out into practice." For firms and society, innovation represents growth and advances. An
investigation by Schueffel (2016) found the term “financial technology” to be broadly applied and to
describe innovation in the financial sector, using semantic analysis the author finds the most
common definition to be “a new financial industry that applies technology to improve financial
activities.” While this study helps define the ever-broadening term of financial technology, more

importantly, it distinguishes the role of financial technology as an industry.



Financial technology did not start as a sector, but rather a means to smooth the workflow of
employees. In 1867 Edward Calahan created the first stock ticker. From meager beginnings,
financial technology began with two of the most recognized innovations in the financial industry,
the Electronic Calculating Punch (1948) and the Automated Teller Machine (ATM; 1971). These
inventions were created to better compete in the financial industry. Both creations were patented,
first the Electronic Calculating Punch in 1948 by IBM and the ATM in 1971 by David Wetzel

(IEEE, 2016).

After the development of the processor the internet, the pace of technological growth in the finance
quickly outpaced the industry. Today, financial technology firms are abundant and growing. In this

study, we identify 120 publicly traded financial technology firms.

Inspired by the definition set forth by Schueffel (2016), we define Financial Technology firms as
information technology, software, or research services firms, that describe themselves in their
business description as working as or serving as financial institutions, banking, financial services,
wealth management, finance, or payment services. In addition, due to data limitations, we primarily

investigate publicly traded firms available in Compustat.

For financial technology firms, innovation is crucial. We find on average these firms receive
anywhere between 74 to 131 patents per year. Traditionally, firms have ignored these companies,
firms between sic code 6000 — 6999 have been removed from these studies. However, the removal
of these types of firms from previous studies provides a potential opportunity for researchers. For

financial technology firms, innovation is .

In the next section, we review the literature and work that has been done investigating innovation as
well as innovation in the financial technology sector. In Section 3, we discuss the data and other

measures employed in this study. In Section 4, we study an overview of financial technology and



innovation. In Section 5, we draw conclusions and suggestions for future research on the topic of

financial technology.

2. Literature Review

The financial sector is accustoming to innovation. There is a flavor of innovation in everything the
financial sector does. Much research is dedicated to the innovation that comes by way of financial
engineering. For example, Merton (1995) highlights how some financial innovation has improved
the functions of financial markets. However, for financial technology firms, innovation has extended

beyond financial engineering.

Innovation has been found to be a primary driver of growth. For example, innovation has been
found to affect managerial behavior, such as CEO overconfidence (Hirshleifer et al., 2012; Galasso
and Simcoe, 2011), executive hubris (Tang, 2015), or CEO-connections (Faleye, 2014). The literature
shows that adequately motivating a manger to innovation can lead to better innovation outcomes.
For example, not only stimulating a manager to innovate, but also motivating a manager for a long-
term growth perspective support positive innovation outcomes (Manso, 2011; Ederer and Manso,
2013). External factors, such as financial development (Hsu et al., 2014) or analysis coverage (He

and Tian, 2013) have been found to affect the innovation output of firms also.

Financial technology has touched several aspects of firms. For example, Hodge et al. (2004) show
how a simple switch to a searchable data structure XBRL can improve access to an individual’s stock
information. Blockchain, a product of financial technology, has demanded a robust argument both
inside and outside the financial literature. Tapscott and Tapscott (2017) discuss some aspects of how
blockchain is changing finance. In addition, the authors extensively discuss the disruption of

blockchain and technologies that are similar.



Hauswald and Marquez (2003) investigate the dual role of financial technology. They highlight the
fact that technology can make access and services in the finance sector better. However, in the same
manner, financial technology improves a bank’s ability to process information increases interest rates
and bank profits. They argue that predictions regarding financial claims' pricing hinge on the overall

effect ascribed to technological progress.

Financial technology firms face unique challenges. Lee and Shin (2018) discuss additional challenges
faced by startup financial technology firms. However, financial technology relies upon lower
regulations. Treleaven (2017) describes how regulatory reform can provide more opportunity for
fintech firms. Examples of this type of innovation include robo-advisors. The goal of robo advisors

is to provide investment advice cheaply to a mass audience Sironi (2010).

For some firms, innovation can increase the likelithood of survival (Cefis and Marsili, 2006), and for
others, innovation is the most efficient way to drive growth (Coad and Rao, 2008). Previous studies
that have focused on innovation have removed observations related to the financial sector.
However, financial firms have a distinct role to play in innovation. Our results show financial

technology firms average more than 70 patents per year.

3. Data and Descriptive Statistics

3.1 Patent Data

Traditionally, researchers have measured the innovation of a firm by observing its outputs. One of the
most popular measures of innovation output is patents. Patents are an attractive measure of innovation
output for firms because for several reasons. Three primary reasons are as follows. First, firms are
incentivized to issue a patent as a method of securing intellectual property rights. A patent, if granted,
protects the firm from outside competitors seeking to create the same product. This process plays a

vital role in a firm realizing a return on investment. Second, patents must reasonably describe the
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invention or creation. Lastly, several researchers have found a correlation between patent citation and
patent value (Trajtenberg, 1990; and Kogan et al., 2017). In short, a patent that receives numerous

citations from other patents is considered a more impactful and meaningful innovation.

To get a meaningful picture of the innovation taking place in the financial technology industry, we
must first identify a link between patents and financial technology firms. However, numerous issues
such as ownership changes, variations on firm names, and even simple misspellings can make this
process a challenge. Researchers such as Hall et al. (2005), Lai et al. (2011), Kogan et al. (2017) have
made meaningful and robust contributions; however, the last year covered by a combination of these
datasets is 2010. Therefore, in this study, we extend the traditional patent data sources through a

process of combination and data gathering.

The data sources of Hall et al. (2005), Lai et al. (2011), Kogan et al. (2017) are limited in term to the
year 2010. Many patents have been filled and granted between 2010 and 2018, the year of this study
writing. Therefore, we extend the traditional data using the following process. First, building on the
foundation of Hall et al. (2005), Lai et al. (2011), Kogan et al. (2017), we begin by combining all three
datasets because of their preliminary match of the patent assignee to Compustat identifier. By using
the prior data, we take advantage of the robust foundational matching of prior researchers. Next, we
conduct our process to match patent assignee to Compustat firm. The process involves a name
standardization routine similar to that used by Hall et al. (2005) and Kogan et al. (2017). The routine
focuses on the standardization of corporate names and identifiers such as changing “International” to
“INT” or “Corporation” to “CORP” as well as removing unnecessary punctuation. After cleaning the
data using our name standardization routine, we perform a search by hand for any missing or

uncounted patents. As a result, our final data match patents to their corporate owners.



The results of our matching provide a stable dataset of financial technology patents and their corporate
owners. Table 1 displays the total number of patents as compared to the total number of firms

classified as being a financial technology firm.

[Table 1]

Our patent dataset spans from 1998 to 2016. As shown in Table 1, in 1998 we identified 52 financial
technology firms and 3,799 as compared to 2016 where we identify 116 financial technology firms and
over 10,000 patents. While the number of firms is growing, the number of patents assigned per firm
in the financial technology industry has remained relatively stable. In 1998, we found about 73 patents
assigned per firm, as compared to a maximum of about 131 patents in 2001. Comparatively, the last

year of our sample, 20106, nearly 92 patents are assigned per firm.

3.2 Additional Data
In addition to data on firm patents, we collect other relevant data to our study. We collect firm
fundamental data from Compustat, such as ROA, total assets, the total number of employees, total

debt, and market capitalization.

4. Financial Innovation

Descriptive statistics for the data collected is presented in Table 2.

[Table 2]

Table 2 displays the firm fundamental information for 120 unique firms between the years 1998 —
2016 inclusive. The data show that on average across the full sample, financial technology firms are
awarded 84.76 patents. This level of patenting activity classifies financial technology firms as being a
high innovation industry. In addition, financial technology firms have a large range of total assets with

an average of 3,315.73 million and a significant standard deviation of 12,972.12. We can see that firm



in this industry do not have to be large, as the smallest firm in our sample has 12,000 in total assets.
We find similar results for the firm’s total number of employees (average of 14.25 with a standard
deviation of 50.88) as well as its market capitalization (average of 5,285.19 with a standard deviation
of 20,319.56). Table 3 presents the pairwise correlation between our firm fundamental variables and

other patent variables.

[Table 3]

Table 3 describes the relationship between firm fundamentals and financial patents. As expected, many
of the variables found to affect innovation in the literature are correlated with financial innovation.
For example, Total Assets, Number of Employees, and market capitalization are all significantly
positively related to the total number of financial patents. In addition, total debt and book leverage
are significantly negatively related to financial technology firms receiving patents. This simple analysis
delivers a straight forward result that shows that the innovation of financial technology firms is

affected by the same variables as others.

[Figure 1]

In Figure 1, we show the total number of financial technology firms’ overtime. Based on our
classification, financial technology firms are increasing steadily over time. These results are consistent
with the findings of prior research. Figure 2 shows the total number of patents issued to financial

technology firms.

[Figure 2]



Again, we find that the total number of patents is increasing over time. An interesting result we see
in the years surrounding 2000 and 2006 is that the total number of innovation has decreased. This is
interesting because it corresponds to the dot com bubble and the financial crisis. For many firms,
this was some of the most prosperous times for firm value and innovation. The fact that we find

that financial technology firms have a decreased patent output during this time is of note.

Our primary objective is to highlight the importance of financial technology. We began by showing
how fintech firms create innovation. As discussed in the introduction and literature review, for all
firms, innovation is important. However, in traditional studies, financial technology firms are often

ignored. As the preliminary statistics show, innovation is preliminary in financial technology firms.

The research of Lee and Shin (2018) describes the challenges associated with financial technology.
One such challenge facing technology firms is data breaches. A data breach can be very harmful to a
firm. When a firm experiences a data breach they have been found to affect market values (Gatzlaff
and McCullough, 2010; Sen and Borle, 2015; and Goel and Shawky, 2009). In this study, we collect
data breaches from Privacy Rights Clearinghouse and match them to the firms of our study. The

total number of data breaches can be found in Table 4.
[Table 4]

Examples of data breaches in our sample include 29. In our sample, the total number of breaches is
relatively low. We can see that even though the number of firms is increasing steadily, the total
number of data breaches remain low at 1 to 5. Over time the total number of customers affected by

data breaches also increases over time.

5. Conclusion



While financial technology has come a long way since the days of the ATM and computation
machine, it still faces some of the same challenges. How to balance the interests of stakeholders
while still maintaining healthy growth. Our results and data show that financial technology has been
and continues to grow over time. However, it has not been unabated. Macro events, such as the dot
com bubble and firm-specific events, such as data breaches, are still a sobering reminder of the

necessary constant pace of innovation.

We show that innovation in the financial technology sector has been increasing over time as

measured by patenting activity.
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Figure 1 — Number of Firms in Our Sample by Year
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Figure 3 — Total Data Breach
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Table 1 — Number of Firms and Total Number of Patents by Year

Year Num. Qf FinTech Total Patent Patents Awarded Per
Firms Firm
1998 52 3,799 73.06
1999 56 6,188 110.50
2000 57 6,067 106.44
2001 58 7,643 131.78
2002 60 5,566 92.77
2003 63 4,219 66.97
2004 66 4271 64.71
2005 70 5,221 74.59
2006 74 8,458 114.30
2007 80 7,797 97.46
2008 82 7,039 85.84
2009 87 7,536 86.62
2010 93 7,754 83.38
2011 99 8,229 83.12
2012 105 7,861 74.87
2013 107 8,787 82.12
2014 109 9,218 84.57
2015 113 9,221 81.60
2016 116 10,662 91.91

Table 1 displays the total number of financial technology firms and patents awarded to financial
technology firms per year. We define financial technology firms as firms in Compustat that work in
information technology, software, or research services firms, and describe themselves in their
business description as working as or serving as financial institutions, banking, financial services,
wealth management, finance, or payment services.
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Table 2 — Firm Level Summary Statistics

N Mean Std. Dev. Min Max
Total Financial Patent 1,547 84.76 706.94 0.00 8,330.00
Total Fraud 1,547 0.00 0.04 0.00 1.00
Fraud Penalty 1,547 76,276.66  2,583,032.00 0.00 100,000,000.00
Total Data Breach 1,547 0.02 0.15 0.00 1.00
Num. Customer Affected 1,547  36,431.10 4,961.00 0.00 128,000.00
Total Assets 1,489  3,318.73 12,972.12 0.12 126,223.00
Num. of Employees 1,390 14.25 50.88 0.00 434.25
ROA 1,486 0.06 0.79 11.08 0.62
Book-to- Market 1,370 0.03 0.30 -5.51 6.60
Total Debt 1,474 594.98 2,828.49 1.00 35,075.00
Book Leverage 1,474 0.15 0.21 0.00 3.46
Tangible Assets 1,488 0.08 0.07 0.00 0.62
Market Cap. 1,370 5,285.19 20,319.56 0.49 214,031.80

Table 2 displays the firm level summary statistics for financial technology firms in our sample. We

collect all firm fundamental information from Compustat. Our sample consists of 120 unique firms

between the years 1998 — 2016 inclusive.
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Table 3 — Pairwise Correlation(s)

o @ 6 ® ©6 © 0 0 © a0 ay 12 (13
(1) Total Financial Patent

(2) Total Fraud -0.0043*

(3) Fraud Penalty -0.0035%  0.8210*

(4) Total Data Breach -0.2257%  0.2331* 0.1914*

(5) Num. Customer Affected -0.0055*% 0.4253* 0.5189* 0.4786*

(6) Total Assets 0.8649*  0.0063* 0.0045% 0.2633* 0.0569*

(7)  Num. of Employees 0.7695%  -0.0088 -0.0072 0.2151* 0.0496* 0.8714*

(8) ROA 0.0233  0.0026  0.002 0.0176  0.006 0.0422  0.0665*

(9) Book-to- Market -0.0108  -0.0063 -0.0036 -0.0128 -0.0061 -0.0203 -0.0212 0.0035

(10) Total Debt -0.8022* 0.0027  0.0023  0.2424* 0.0185 0.9142* 0.7625* 0.0332  -0.0172

(11) Book Leverage -0.0709* -0.0008 0.0005  0.1029* 0.0047  0.0982* 0.0296 -0.2227* -0.0629* 0.2011*

(12) Tangible Assets 0.0998*  -0.0295 -0.0238 0.0446* 0.0312  0.0496* 0.0910* -0.0778* -0.0269  0.0286  0.0685*

(13) Market Cap. 0.8932*¢  -0.0088 -0.0069 0.2603* 0.0321  0.9508* 0.8941* 0.044 -0.0212  0.8510* 0.0709* 0.0865*

Table 3 displays the pairwise correlation between the firm fundamental variables and financial innovation variables employed in this study.
A * indicates significance at the 0.05 level.
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Table 4 — Data Breach and Hacking Incidents

Year Total Data Breach Customer Affected
2006 1 3,695
2007 2 2,284
2008 1 67,755
2009 2 22,112
2010 2 45,544
2011 3 77,666
2012 3 87,461
2013 2 101,221
2014 3 98,866
2015 4 96,443
2016 5 279,888
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