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1. Introduction

Despite the intens@terestin financial innovatios andtheir consequenceswe know remarkably
ittle about where or by whom these nproeducts and services are develop€kis paperseekgo
address this gapsing finance patentsWhile not all financial innovationgeceive patenfsand the
legal treatment of these awards has shifted over fiants provide a valuable window into the
nature of financial innovation.

To do so, we develop a dataset of over 24 thousiaadcial U.S .patentspplied for between 2000
and 2018, and awarded by February 2002 employ machine learning techniques to identify the
many financial patents that elassigned to patent classes other than thogbose devoted
exclusively to financial innovationsand extensiig audit the results to ensure their reasonableness.
We explo t bot h t he #ftheawatds, psavgl asthe gadent text, ttebanderstand
their characteristics.

Five broad conclusions emerge for the analysis. Fisancial innovation is substanti@nd
important As Figure 1 depictsthe volume of financial patent awards (the red lmegl applications
(the blue line)in the U.Ssurgedn the late 1990s and early 200@®m a nearly infinitesimal share
to between % and1.1% of all grants.While this levelwasstil modest compared to the finance
andi n s ur ahareoeGDB (7.6% in 201, financial patentsvere disproportionatelyimportant
ones. Figure 2plots the logarithm of thmean oftwo commory usedmeasursof patent value, that
of Kogan et al(2017 andthe citation count by year of awardrinancial patentssince theglobal
financial crisis GFC) havehad an averag€oganvalue considerablygreatethan any othebroad
classUsing the count of <citations, finance paten
includes pharmaceuticalhesepatterrs also holdwhenexamiing the top % percentileof awards
(Appendix Figure Al).

Secondthe subject matter of financial patehis changedsharply consistent with the shift in the
financial services industry towards household investors and borraweusnented byreenwood

and Scharfstai (2013) andPhilippon (2019). An increasing fraction opatentednnovation has
focusedon consumer rather than business applications. As Panel A of Figure 3 depicts, the bulk of
the awards were not in areas related to security design or investmentgbd®&ther, they were
dominated by payments and various supporting {wdfide technologies. Figure d4which
llustrates the patents in the sample with the greatest number of citations highd¢se Kogan et

al. (2017) and Kely et al. (2020) weightsindescoresthis point While the mostited patent is
geared toward professional traslethe other two are oriented towards meeting thesefecktail
investors(fraud protection in banking artdx planning).

2Recent theoretical papers include Biais, Rochet, and Woolley (2015), Caballero and Simsek (2013),
Gennaioli, Shleifer, and Vishny (2012), Rajan (2006), and Thakor (2&&)ent epirical papers
examining financial innovation in the rup to the GFOnclude Chernenko and Sunderai2014),

Fostel and Geanakopld®012),Keyset al. (2010), and Simsek(2013) Another set of papers look

at fintech innovation specifically, such as the special issue summariz&bldstein, Jiang, and
Karadyi (2019). Chen, Wu, and Yang (2018) tha volume use patent data to look at fintech firms.

The older literature is reviewed Frame and White (2004) and Lerner and Tufano (2011).

® https://fred.stlouisfed.org/series/VAP GDPFI



https://fred.stlouisfed.org/series/VAPGDPFI

Third, the surge in financial patenting was drivby U.S. information technology firms and those

in other industries outside of financAs Panel B of Figure 3 suggests, banks and other financial
institutions represented a modest share of the awards, with information technology (IT) companies
dominatirg. Banks and payments firms hawereasingly focused on their core areas, while IT firms

and other financial firms have continued to patent widely in finaliiGgpayments, and other firms

are more likely to be issdegprocess patents, as well as consufimance ones.

Fourth the relationship between financial innovators and the aca#taowdedge baskas changed
Over the sample periodcademiccitationsin financepatentsvereassociated with more impactful
patents an effect that éld for suchcitations in general, as well as those to articleburiness,
economics and finance journals specifically The relationship between academic citations and
patent value has become stronger over time, particularly in thel30pBriod.

Over time, howeer, the number otitations infinance patents taacademicpapes fell. This shift

has beemost dramatic for banksvhich experienced by far the most precipitous declaed for

citations to business, economics, and finance jourr@istions have beeto increasingly older

academic articles. Three explanations can be offésedhese patterns.irBt, as the focus of

financial patents has shifted to consumers, there may be less relevant academic work to cite. Second,
commercially relevant academic diseoies in finance may be harder to come by, consistent with

the Afishing out o hypot he280D andBloadhveaah @@ Finally, Eat o1
financial organizations, especially banks, may Hassabilty to absorb these insights.

We finally highlight change# thegeograpip of financial innovationin the U.S In particular, we
documentdramatic shiftsacrosghe metropolitan areas ithe amount ofinancial innovatios, with

the rise ofthe greateSanFranciscoregion (and the Pafic more generally)and the decline athe
New York area

Consistent with evidence thatnovation responds tehifting demand and regulatory conditions
(Acemoglu and.inn, 2004; Finkelstein, 2007), evshow thafinancial regulatory aons seem to
have adversely affe&d innovation by financial firms.In the years after the GFCfinancial
innovation by banks shé#t from locatiors with tight financial regulation to more permissplaces.
These results suggest that the seeming failureaoks and other financial institution® expand
their innovative sqee documented aboweay have(at least partially) been due poessures from
financial regulatorsconsistent with the observations Miler (1989 andKane (1989 about the
importanceof regulation as a driver of financial innovatioBy way of contrastregions with the
highesttechnology innovationn generahttracedfinancial innovation byayments firms|T firms,
andother norfinancial firms.

In the final section we argue thiathese findings suggesivo broad conclusions. First, financial
iInnovation isafar more complexand richerphenomenorthan has been depicted in theademic
iterature to date which has largely focused on eithie design of novel securities or fintech
especially blockchainThe extent to which financpatentinghas been increasingly dominated by
firms outside the finance industry is strikin§o is the importance of payments technologies, as well
as backoffice functions such as security and communications.



Second, the resuligose a puzzle regarding the failuretrafditional financial institutiongo maintain
pace inconsumeifocusedinnovdion. The results hint atactorsthat may have exacerbated the
declining sharef financial innovation by bankstheseemingdecreas relevan contemporaneous
academicdiscoveries(or the abilty to identify and absorb thengs well as regulatory prawres
after the GFQBuchak et aJ.2018) Thesepatterrs were consistent with the argungat Philippon
(2019) regarding the impediments to innovation by incumbent banks, and the potntial
breakthrough by newentrants They are alsdan line with thechanging distribution ofalue added

in credit intermediation away from traditional banking, as documented by Greenwood and
Scharfstein (2013).While these analyses cannot ultimately address questions regdelmocial
welfare of financial innovations they suggest that the nature of financial innovatias evolved
with broader trends in the financial sector that has not been appreciated in the ltémathedinal
section,we alsodiscuss somef the opportunitiesfor future research.

2. Patents & Indicators of Financial Innovation
2.1A Historical Perspective

The financial services industry has historically differed from the bulk of manufacturing industries
with regard to the ability of innovators to appropriate their discoveries. There has leng be
ambiguity about the patentabilty of financial discoveries in the United States. At least since a 1908
court decision established a 0 b%umanynjedges anadne t h o
lawyers have presumed that business methods were notgtdéesubject matter. While the USPTO

issued patents on financial and other business methods during the twentieth centyrgbservers
guestioned theienforceabity. Another concertimiting patentingwas that it was very difficult for

firms to detetinfringement oftheir valuation and tradingelated patens. (Of course, the same
considerations also affexdthe deaion to file process patents inanyother industries.)

Consequently, awardees were reluctant to incurtithe and expense tile for awards Instead,
new product ideas diffused rapidly across competitors (Tufano, 18&8)atheoretical analysis by
Herrera and Schroth (2011) argued that even when inventionfl not be patented, investment
bankshadconsiderable incentives to dds@ new products

As a result patents traditionally only provided a limited guide to innovative activity in finance, in
contrast to other fields (Griiches, 1990)his disparity was highlighted in Lerner (2002), who
documented that between 1971 and 2000, only 445 financial patents were issued by the USPTO.
These represented less than 0.02% of all awards during this period. A disproportionate share of these
awards veremadeto individual inventors. Academic research, while highly relevant to many of
these patents, was rarely citedidentified by the patent examiners

At the same time, other metrics of innovative activity in financial services are also problematic
Finance habadextremely low levels of reported R&[CFor instancein 2016,the U.Sfinance and
insurance sector spentl®@so of total revenue on R&D, as opposed tdb¥3.for pharmaceuticals
10.7% for computers and electronic producasd 3.4% for maufacturing as wholgbased on
calculations byKung (2020)) At least in part, this reflects measurement challenges: innovation in

*Hotel Security Checking Co. v. Lorraine Cb60 F. 467 (2d Cir. 1908).



a financial services firm is often widely dispersed across the organization, rather tbanrated

in acentralized reseanfaciity. Moreover, the historical ambiguities about whether R&D tax credit
coveedsuch expenditures reduced the incentives for financial firms to tracdpewsding(National
Research Council, 2005Baily and Zitzewitz (2001) highlighed how government productivity
measurement in financial services can be distorted by new godatisnappropriate output
measures

Attitudes toward business method patents changed with the July 1998 appellate de&dae in

Street Bank and Trustv. S@ture Financial Group This case originated with a software program

used to determine the value of mutual funds, on which Signature had obtained a patent in 1993.
State Street Bank sued to have the patent invalidated on grounds that it covered a ba#fioelss m
While State Streetds argument prevailed in th
Circuit (the central appellate court for patent caals® known as the CARCeversed the finding.

The court affirmed the patentabilty of financgoftware that valued mutual funds since it produced

a Auseful, concr éfThee Sunpdr damengCdu et reesallitnedd t c
in January 1999.

State Stredhusestablished that business methods were statutory subject nme#teequal playing
field with more traditional technologieNumerous trade press articles interprethe caseas
unambiguouslyestablishing the patentability of business methdukile this decision was refined
in important subsequent rulings suelsBilskiv. KapposndAlice Corp. v. CLS Bankdiscussed in
Appendix A) it nonethelessepresented a sharp discontinuity

Conversations with practitioners actively involved in prosecuting finance patents sagbasthe
historical differential betweermatentingin finance and in other technological domaimarrowed
considerably in recent decades. In addition to the greater (though rolaidpnconfidence in the
enforceability of finance patents, two factors have contributed to this change in pr@oticeeason

is that greater regulatory disclosures and more public scrutiny has made it hard to keep discoveries
secretIn these settirg) the disclosure associated with patent awards may be less problefatic.
second reason h#ise emergencef fintech frms that are not verticaly integrated. Since these new
firms cannot capturéhe returns from their inventions directly, thegularly fie financial patents.

These fiings in turn spurred many incumbents who did not traditionally patent to protect their
innovations as well

5 The OECD (2@0) reported the U.S. gross value added per person employed (constant prices) has
declned atar0 . 19% annual rate for Afinance and insu
last available year), as opposed to rising ata 0.94% rate for the entirengcorih similar patterns

seenin the United Kingdantee also Philippon (2015)

6In particular,thecourtheldii .thatthetransformationof data,representingliscretedollar amounts,

by a machine througha seriesof mathematicakalculationsinto afinal shareprice, constitutesa
practicalapplcationofamat hemat i c al algorithm, formul a, or
useful, concr etia fimalnsdare tpricen momentagily fixeel $ou ledor@ing and
reporting purposes and evaacepted and relied upon by regulatory authoritiesirasabsequent

t r a dSeeStatéStreeBankandTrustv. SignatureFinancial Group, 149 F.3d 1368 (Fed. Cir.

1998).



2.2. Empirical Evidenceon Financial Patent Quality

The qualitative discussion above suggedshat the mapping between financihovations and
patenting has become closéfhese argumentsvere borne out inthree preliminary empirical
analyses.

The first analysis loakd at the extent to which patent awards were scrutinized by USPTO. As noted
above, Lerner (2002) suggested that theStee Streedwards were subject to ineffective reviews.
To examine the quality of review ithe 2% century, we creatka sample of U.Sutiity’ patents

fled betweern2000 and 2018 awardedby February 2019andwhose original applicatian were
published by thdJSPTQ We compard the crucial independent claims in the applications and
awards,and determinehe extento which thenumber and length of these claims were modified
during the review process, following the methodologyMairco, Sarnoff, and deGraz{@019)8

Panels A and B of Figuré-2 presents a comparison of 2.6 milion foxance patents and almost

16 thousand finance oneBinance patentsvere more likely to have the number ioflependent

claims reducethan norfinance patentéby onehalf, ratherthan onethird, of anindependent claim)

and to have the shortest independent claim lengthened (by 84 words, as opposeBtiis).

these resultsvere consistent with more intensive scrutiny of finance patents during the past two
decadesThis greater scrutinappeas to havebeen consistergince the mid-2000s. Table A1 in

the Appendix presents a more detailed tabulation and statistical comparison, and finds consistent
results.

The second analysis looks at the relative impact of patent awatdls. I examineal finance and
nontfinance patents filed between 2000 and 2018, and awarded by Februaryufg9hree
leading measures of patent impathese three measures, while positively correlated (Kely et al.,
2020), differ in bothitheir methodologes andpoints of focus, and thus identify different patents and
firms as the most impactful

7 6% of U.S. patentapplicatiors between 2000 and 2018 were alassesother than ulity
(https://www.uspto.gov/web/offices/ac/ido/oeip/taf/us stat)htihese arprimarily for designand

plant patents that have little relevance to finangellowing the lterature, we do not considaon

utiity patents throughout this paper

8An i nde pe ndestahdalonetleam that céniaissall the limitations necessary to define

an inventi o
(https://www.uspto.gov/sites/default/files/doc uments/Webs ite % 20P DF&ZlInvention%20Co
N%202017%20Claim%20Drafting%20W orkshop%2@00PLA.pdj and as such, are theost
important such rights grantedNot all patents have published applications: for instance, those
applications only filed in the U.S. are often not published
(https//mww.uspto.gov/iweb/offices/pac/mpep/s 1122. htiml#d0e12P15%e determined the count

and thelengh of independent claims in issued patents using the Pagmtdatabase. Due to the
difficulty in obtaining the claimtext in application publications, we onlysed the applications
analyzed by MarcdSarnoff,and deGrazig2019) and archived atttps://www.uspto.gov/learning
andresources/electrondataproducts/patent laimsresearckdataset

9 In patent claims, patentees generally strive to have the broadest claims, i.e., those with the fewest
limitations. An increase in claim length is thusea associated with a narrowing of claim breadth.
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1 The first of these asthe subsequematentcitations (through October 2019) that the patent
garnered. Because the propensity to cite patents varied across technologieer aimle,
we normalized the citations by the mean number received by other patents in tuidifour
Combined Patent ClassificatiorCRQ class and awarded in the same quarter.

1 The second impact measure was the Kogan et al. (2007) estimate of paknbsaakd on
market reactions to the award graniis measurecould only be calculated fopublically
traded firms Unlike the other twameasures, this metrionly capturel private, rather than
private and socialeturns

1 The final measurgvas themetric of patent novelty developed by Kelly etal. (2000), based
on the relative novelty of thpatent language compared to prior and subsequent patents.
Because this measure reqdira substantial corpus of subsequent patentsjag only
calculated for ptents awarded through the end of 2015.

Using the citation measurthe mearfinance patent wson average 25% more impactful than the
typical award. Using Kogan et al. (201ayeragemarket values, the finance patents were-o
a-half times morevaluable. The differential in mean Kelly et al. (2020) weights is about 6%. These
differencesin means as well as those in mediansgre statistically significant. We also expreds
these as differences in the percentile of the distributibthe fnanceand norfinance patents and
generally dbund substantial disparitiesThe resultswere inconsistent with thawards being trivial
discoveries devoid of economic value.

Finally, we looled at whomwas filing the finance patents. We exantrtée identity éthe assignees

of all utiity patents applied for between 2000 and 2018 and awarded by February 2019.dWe use
the classification of assignees provided by the USPTO, and assume that all unassignedgratents
awarded to individuals.

Table 2 shows that8.68% of finance patentsince 2000 wee assigned to individuglssimilar to non
finance patents (7.8%7Jhis shardaliffers sharply fronthe 2% sharen the preState Streetample

of finance patents collected yerner (2002, as reported in Table -& in the Appendix, which
comparesthe older patents and this samile&Since many of the most problematic patents in the
earlier era were those of individual inventors, this resall again consistent with the suggestion
that patent awardded in recent decaabmay provide a valuable window into changing trends in
financial innovation more broadly.

2.3.Patents as a Measure of Financial Innovation
Another natural concern is that pateritsrwbt correspondvell tofinancial innovatiors, not because

patentswere not legtimate awards, but because firms chose to protect maamtions through
trade secrecyatents may thus give a distorted view of financial innovation.

10Another way to assess the importance of individual patentees is to look atthe difference in the
share of awards wereade to individuals between finance and all other patents. While this gap
was less tha 1% in patents filed in 2000 and later, it was 10% in the earlier period.



Trade secrets are of course virtually impossible to obsemve systematic basiVe cannotthus
definively put this concern to rest, which affects mantlger fields as well even ones where
patenting has been lomgtablshed! To address this concermpwever,we examind anotherway

in which incumbent firmanvest innew technologiesthrough corporate venture capijadograns.

In these instance the companies typically designate a group of professionals to make investments
in entrepreneurial firms. Tlewil usualy purchaseminority stakesin entrepreneurial firmsin
transactions ndertakenalongside other venture capitalistwith the hope that these expenditures
wil lead to more informed decisions about acquisitions, internaéstments or licensing
arrangements (Ma, 2020).

We totaled the dollar volume of closed corporate weninvestmentsn U.S-basedinancefirms
reported by Capital IQetween January 2000 and December 2bdgken down by the industry of
the investor. Theatternsare summarized in Figurb. (The methodology we employ detaiedin
Appendix C)

The tabulation of alternative manner of pursuing innovation sansistent with that of paténg in
several significant respects:

The level of innovative activity increased over time

Therewas modestshareof activity associated with banksvhich fell over timeas a share of
all such investmentswhile the IT/otherand (to a lesser extent) paymeaottegoes grew.

1 Theshareof total corporate venturingctivity in the financial sectowas roughly similarto

the shares in patenting seen in Figurd-@.instance, the share of total corporate venture
activity devoted tdinancial services between@Dand 206 was 1.5% of totainvestment
amountover that periodas computed idkcigit et al, 2020).

T
T

3. Construction of a Financial PatentDataset

3.1 Identification of Financial Patents

The first step inthe constructionof our datasetvas to develop @& approachfor identifying a

Af i nanci &dcial pcertistshave.génerally relied on three types of information when
classifying patents t he patentds technol ogi c atlwasmitlallys si f i c
assigned (uswually antbekeywordsefrant somedbsetofahepatent yeatr ) ,
such aghe title or abstract

Each approach keadvantages and disadvages.Classification codedpr example were created

to help patent examiners identify prior art and often edolea somewhat piecemeal fashion. As

a result, the codes do not necessarily map in
exampe, while most finance patentwere classified under the current system within G06Q 40
(Finance;InsuranceTax strategiesProcessin@f corporate or income taxes), a substantial number

of blockchain andcryptocurrency patentsvere classified within HO4L 09 (Cryptographic
mechanisms or cryptographic arrangements for secret or secure communications)

11 For an example from the pharmaceutical industry, $#&es://www.justice.gov/usao
edpa/pr/formeiglaxosmithklinescientistpleadsquilty-stealingtradesecretshenefitchinese
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Another problem with identifying financial patents by classificatiwde is that the U.S. changed

from the U.S. Patent ClassificatioJ$PQ to Combined Patent Classificationscheman January

2013, during our periodinder study The USPTO offers a concordance between CPC and USPC
codes. However, this crosswalk is based on an unpublished statistical association between the old
and new codesAs a result, ®C codes for patents issued before January 2013 are essentially
imputed and may contain inaccuracies. Moreover, the USPTO stopped using USPC codes in 2015,
so the use of those codes would limit our study and exclude recenttechnologies like blockchain.

Alternatively, we can identify financial firms using published listsfintech firms such as the
Forbes 100, th&PMG 50, or the CB Insights Fintech 250, and assume that the patents held by these
firms are all financial patents. For firms in the stgrtphase this assumptionmay be reasonable

But as firms grow largeand potentially expand into multiple lines of business, it no longer snake
sense to assume that all of their issued patents are in finlamcexample,a subsidiary of the
payments firm Sqare, Weebly held several patent8ut Weeblywas a website builderrather than

a financial company, and thus the bulktloéir awardsvere associated with web site design and
manipulation. Thus, it would be incorrect to assume that patents held by Sqdatesubsidiaries

are financial patents. A similar issue surfaces when considering patents owned by established
financial institutions. Thus, this approach might bias the sample of financial patents in unpredictable
ways.

Finally, we canuseGoogle BgQuerytoexecute SQlqueries for certain keywords across the corpus

of all published U.S. patent documentsing thelFI Claims patent dataVe thus cangenerate

suitable setof k e y wor ds pr edi ct i @ éor exampleidomenfarm ofittwdrdd st a
Af i na& and search fothose keywords across all patenthie main challenge hereas to

identify a suitable set of keywords without arbitrarily picking words that might bias the sample
towards specific examplesf financial innovation (like cryptagrency) known to the researcher.
Another challengevas toidentify words that have high specificity an@wd not pick up too much
noise (e.g., patents that us e fnaoimpatefits).r m of t h

Of course,we could also useany combination of the sets of financial patents produced from each

of these three techniques, i ke (A U B) z C
extensive auditing, weotild not easily identify the best combination of techniques, nor evaluate

how well these variougombinations eliminate or reduce inherent bias in the merged dataset.

We broke with prior literature by employing supervised machine learning (ML) techniques to
develop an algorithm for appr op(reatmeéngdr $i n octl a s s
financi allmas(edonam oedach patentds features. As
learning, we had tdfirst choose a way to label the training set of patédased on our survey of
existing classification techniques abowe elecdto use CPC codeanderthe belief that the codes

would allow us to label a large sample of financial patents \ekitively high accuracy. We cbe

CPC over USPC codes to enable future work and comparisons (as patents today and irethe futur
are only classified using the CPC scheme). We experimented with vée@ugse sets the patent

text, inventors, assigneeand theCPC codes of backward citatiédndefore settling orthe patent

text and inventor names as the two feature sets which mddirccombination, the highest and

most balanced levels of accuracy.



To determine which CPC codes might allow us to label a set of financial patents, we firstaboked
the USPTOO06s concordance f ianayzed iolerndr (2@Afdrmena nc i a
USPC class 705, subclasses38). We determined that CPC groups G06Q 20 a@6(@40 broadly

capturel what we considexd to be financial patent$atents in G6Q 20 involvel significant data
processing operations and geallgr related to payment architectures, schemes, or protocotsle w

those in ®6Q 40 generallycoveredfinance, insurance,tax strategies,and the processingof

corporate or income taxes. Patents with a primary CPC code theotd SPTO typically places

paents into one primary and multiple secondaategories) in these two groups constdutair

treatment set (set A).

Within subclass G6Q, we exclude groups 10 and 3(as those groups cowt data processing
systems or methods specialy adapted to admaitiee or managerial purposes (group 10) and
electronic commerce (group 30), categories that are not financial in our \Wevalso exclude
group 50 anall subsequent groups, as they eittiernot involve significant data processing steps
or cover techologies specially adapted for certain +imancial industries or technologies outside
of our view of finane (e.g, business processing using cryptography). Pateititsa primary CPC
subclass in G6Q but not in groups 20 or 40 constitliteur control se(set B).

Next, we mergd our treatment set and control set, then bifurddlte data into a training set with

70% of the data and a testing set with?8@f data. Then we apptl natural language processing
techniques to each pat enwhénswe firss gxperineemetl wthhhes i n v
approach, we used patent titles and abstracts for the patent text, but neither of these textual sources
produced models with suitableccuracyt?2Our initial model rurs produced high sensitivityalso

called the true positive rate, the proportion of actual positives correctly identified a®tabbut

98 percentBut the specificity (the true negative ratehe proportion of actual gatives that are

correctly identified as su¢hwasvery poor about 30 percent. We therefore elected to use each
patentdéds entire written description, as the n
written descriptions produdemuch better reults. With the entire written description as features,

we obtaied 91 percent sensitivity and 85 percent specificity.

Figure A3 in the Appendixdepicts how we applied the standard supervised machine learning
procesdo predict financial patents.

We then repeatda similar natural language processing procedure for ddauresof interest in
addition to the written texWe also generatifeature sets of the prior art cited in each patent, the
names of the firms to which the patent was inttially assigned, and the names of the inWhtams.

we appked each model to the testdata, werfd that the text modetas the most accurate, followle

by the inventor modelThe prior art and assignee models could not improve accuracy beyond what
could be achieved with the text and inventor models. Compared to thertigxiodel, the text
inventor model slightly decreadsensitivity from 91.3 to 89.9ercent (a dropf 1.4 percentage

2Intermediatestepsncluded theremovalof extrablank spacegheconvertingof accentedharacters

to ASCII characterghe removabf nonEnglish charactergheremovalof stopwords,thestemming

of eachword, andthelowercasingof thetext. (Stop words are very common wordsichasiwe 0 or
Afare, 0 which do not pinfomatidndor nmaehioeeamingclassifies) f f er e
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points), but significantly improwe specificty from 85.3 to 90.0 percent (an increase of 4.7
percentage points). As a result, our new model gertefalte positives and false negatietsabout

a similar rate This low rate (10 percentyvas a tremendous improvement compareduo initial
model!2 The structure of our model is presented in Fighrd.

We then deployd the model to capte financial patents outside GD6by applying it to other
Asupplementalo cl assi f i c atnightnresidewAlter mmalyzisgoatie f i
pat ent s t hbattnotah afdp rii amssjficatia()in GO groups 20 or 40, weofird that
nearly 80%0f t hose paitneanrtysd hsanilte othea Egegorie that we had not
considered (GO6F, GOGKGO7C, GOF, GOAG, HO4L, HO4AM, HO4N, and B4W). Therewere
12,010 such patents. Our next stegs therefore to generate text and inventor feature sets for these
patents, and gy our textinventor model to that data to predict which could be finandials
process identifid 6,777 of those patents as financi@he final data set of financial patentsush
consised of 17,511 patestwith a primary CPC group in08Q 20 or 4(lus an additional 6,777
patentsin the nine subclasses listed above that vpeeelictedby the modelto be financial for a

total of 24,288 patents.

To verify the quality of the ML model, we auglit the results Appendix B describeghe auditing
process

3.2 Joining with Other Data Sets

After generating a list of financial patents and auditing the results oMbaumodels, we then
obtained additional information about the financial patents and the firms to which our financial
patentswere assigned, as wels the matching process.

The first step in our process was to obtain additional p#eel data on financial patents from
Derwent. Such information includethe publication date, inventor names, assignee names, and
abstractWe noticed one discrepancyin the assignedield whencomparingthe Derwentdataand

the IFI Claims patent datag¢cessetihrough Google BigQuery), but determined that the discrepancy
could be readily addressafter auditing (see AppendR).

We also obtained froma®entsview th@atent assignee tyjpeorporation, governmengrindividual,
divided by domesticor foreign),4 the number of forward citationsandthe geographical location of

BQur inttial strategy was to adopt a stacking technique, an ensemble learning method that has the
potential to improve further the classification accuracy but requires the combination of multiple
classification modelsvia a metaclassifier. After experimenting with different types of stacking
architecture, we settled on the use of a Naive Bayes model for the patent description text, and a
Logistic Regression model for the inventoames (Jurafsky and Martin, 2019, chaptd5). A
conci se fA4nvenor maléwad adaptedn which a patenivas predictedo be financial

if either the text model or the inventotodel male such a prediction.

14 Between/% and 8% of the patents in the financial patent and overall earh@ no assignee

type in Patentsview. We audited 2% of the financial patesitts a missing assignee typand
discovered that 99% of theseere assigned to individuals (also known as inveagtsignees). In

the analyses below, we tredtall patents wh a missing assignee type as assigned to an individual.
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the firstnamed inventor We includedall patents applied fdretweenJanuary 200@nd Decemébr
2018 and issued by February 201&nd citations through October 8, 2039

We then matchethe firms listed aghe firstassigneeof thefinancial patents t€apital 1Q firms in
order to access more detailed informat@pout thdirms. First, weusedthe Global Corporate Patent
Dataset (GCPDilevelogd by researchers at the University of Virginia (Bena et al.,, 2017). This
databasallowed us to matcth2,351 patents taa CompustaiGVKEY, which can be easilinke d

to the associate@apital 1Qidentifier because both Compustat and CapitallQ are Standard & Foor
databasesThen, after removing inventassignees, we used a Levenshtein distdased fuzzy
name matching technigue to match the remaindeéheofirstassignee names with 12 milion firm
namesdn the Capital 1Q databaseé.

After examining the data, we determined thahatching score d@.95 or higher was sufficiently
accurate that the match could be accepted without further scrutiny. This yielded an adg2iBial
patents matched to Capital 1Q firms. Similarly, we found that matches with scores b&owgré.

so poor that they should be rejected outright. ther1,940 potential matches with scores between
0.80 and 0.95, we had a research assistant examingotbatial matchesitimately identifying an
additional 818 patents with good assignee matchas.yielded Capital 1Q identifiers for D6
patents, or 80% of the samleearly 88% of the patents not awarded to individual§g used the
Capital 1Q identifier to join taur financial patenlatabase a host of detailéidancial information
about each firmin the year of the patent applicatioms well asts industry, employmentand
whether it was publicly traded at the tim&/e used the Refintiv VentureXpert database to determine
whether the firms were actively ventibacked at the time of the patent fiing, following the
methodology in Akcigit et al. (2020)

Theindusty groupsthatwe focugdon, and the associated GICSdes,were as follows:

A Banks coveedlarge and geographically divergestitutions, as well as regionaand local
oneswith significant business activity in retail bankingnderwriting, and corporate lending.
This category also include thrifts and mortgge financefirms providing mortgage and
mortgage related services, and diversified financial services firms (GICS 401010, 401020,
and 402010).

A Other finance includd® providers of consumer services like personal credit and lease
financing (GICS 402020), @i#ial markets includingasset management, and financial
exchanges for securities, commodities, and derivatives (GICS 40208Dhsurance (GICS
403010).

A Payments firmswere classified undeiData Processing and Outsourced ServifBKCS
45102020.

A Information technology firms coved a wide variety of computer hardware and software
developersas well astechnology consulting firms (GICS 4itside of paymen}s

*We also used Patentsview data to assign payments to primary CPC classes in some ambiguous
cases where patents had more dathan one dApri mar)
16 We divided bhe Capital 1Q dataase intothreesubsets, witHour milion company names in each

subset, to execute the fumgmematching algorithm in parallelandsavecomputing time, andto get

multiple optimum matcheswithin each subset.
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A Al other.

Wethusconstructed a database containing, for each financial patent in our list, Derwent patent data,
Patentsview patent data, afidancial data fromCapital 1Q (for each assigne¢hat could be
matchedl Figure A-5 depicts theprocess we used in this stéde tren used similar techniques to
match assignee names with the nawofeSystematically Important Financial Institutior{SIFIs)1”

We matcheall patensto the database of citations to academic articles compileddy and Fuegi
(2019) This databaseontained all academic citations contained within patent docunfehesther
on the front page or in the texgs well as information about the subject matter of the arteid
the name and impact factor of tfgurnak in which the articles appearedWe downloaed these
data for all U.S. patents applied for between 2000 and 2018, and awarded by February 2019.

As a last step, we assocdtinancial patents with particulaiunctions infinancial serviceswhich

we refer to as patehgpe or subject matte The patent classification schemes insufficient here,

as many categoriesddnot map readiy to particulasubjectmattes. Instead we created a set of
keywords (listed inTable A3 in the Appendix) associated with accounting, commercial banking,
communicatiors, cryptocurrency, cuency, insuranceinvestment bankingpayments, real estate,

retail banking and wealth management. We based these keywords on areview of the patent abstracts,
finance glossaries, and industry knowledge. Some keywords \ssoeiated with a singlpatent

type; others with multipleones Accordingly, for eachpatent that fell into more than one category,

we assigned it a fractional shaceall of the associatetypes

We adopted four progressively wider searches to identify these keywords. First, we just examined
the patent abstracts. For the patents with no matches, we examined the first 100 words of the
background section of the patent. For firms with no matches, wmiexd the entirety of the
background section-or the remaining firms without matches, we examined the entirety of the
patent textTables A4 and A5 summarizethe matchingprocessFor the 345 patents without a
match, weread the patentd~or the 33 pants that could not be classified even after manual
examination, we excluded them from our dataset. Hence the final dataset contains 24,255 (24,288
33) patentsFor the purposes of the analyses below, we consolidated the patent types into banking
(encompasing commercial, investment, and retail), payments, and all others.

Panel A of Table 3 summarizes ttenmost frequenassignees thefinance patensample.There
washeavy representation of banks, computer hardware and software firms, and other finnagc
One possibility was that the impact of small firms may be collectively significant, even if tiety d
not show up in tis tabulation. To explore this possibility? anel Bpresentghe share of applications
between 2000 and 2004 and between 2015 20i@ applied for by small firms, using three
thresholds based on employment in the application year. (Tbtedssexcludel patents awarded to
individuals, which ashownbelow, have been faling sharply.) In each cadespite the media
attention paid to fintech staups,the share of patents going small businesg&re quite modest and
faling over time.Panel C looks at thsubstantial financiapatentees with the most influential

17 Data on SIFlIs was taken from https://www.fsb.org/worlof-the-fsb/policy-
development/addressigifis/globalsystemicallyimportantfinandal-institutionsg-sifis/. We
focused on the intial SFls designated in November 2011

13


https://www.fsb.org/work-of-the-fsb/policy-development/addressing-sifis/global-systemically-important-financial-institutions-g-sifis/
https://www.fsb.org/work-of-the-fsb/policy-development/addressing-sifis/global-systemically-important-financial-institutions-g-sifis/

patents. The compilations herere imited to the firms with 200 or moréinancial patents. The

table reports the firmg/hose financial patents hdlde highest average citation, Kogan et al. (2000),
and Kely et al. (2020) weights. The heavy representations of payments, banking, and computer
firms wasapparent.

Figure A6 presents aoverview ofthefinancial dataset construction procedure.

4. Shifts in Financial Patenting

This section examirgethe changes in financial patenting since 2@00@ decomposition analysis.
While therewasa dramat increase in financial patenting of all typgékese years also saav
substantial shifin the nature of the innovator#n particular, awards to U.#&formation technology
and other nofinancial assigneesurged. We have also seen a shift in pasetject matteaway
from banking.

Before we turn to this analysis, we can illustrate the churn qualtatively. While the ranks of top
patenting firms overall have remained largefynstantover the 23t century (with companiesike

IBM, Canon, Hitachi, andamsungdominating the compilationsyear after yegr therehas been
considerable volatiity in the financigatentees

PanelsD andE of Table 3 showthe largest changes patent assignees during the penmEtween
2000 and 2004 on the one hand arid2 and 2018 on the other. Ttable indicates that the share
of innovation fell most sharply for unassigned patetypiqally filed by individual inventors),
computer hardware firmsDfebold Nixdorf, Fujtsu Hitachi, HP,andIBM), legacy softwarérms
(e.g, First DataandOracle) and investment banks (Goldm&achsandJP Morgan). Meanwhile,
the mostrapid growth was from conmercial banks (Bank of America aldells Fargg, insurers
(State Farm, AllstateThe Hartford, and USAA), and payments firmswhether incumbents or
entrants (Caifal One, PayPal, Square, and Visa).

Wethenunderbok a decomposition of patentingends To do so, we crea#b6 cells, one for each
awardyear, for each of the three broad patent types (banking, payments, andfatreah broad
assignee industrybanking, other financggaymentsand ITplus allothers), and for U.S. and foreign
inventos. We estimated ordinary least squares (OLS) regresefaite form:

PatentCounf: =1 o T 1(Patent Typg Award Yeas) T ,(Assignee Industry Award Yeaj
I s(InventorLocation AwardYea) ‘i — °*p [t Tipe (D

The dependent variableas the number of patents in a given dell each award yedy patent type

p, assignee industry, and inventor locatiorl. Patent Typg Award Yeafrepresergd the vector

of dummy variables denoting where the celais observatiorof award yeat and patent typep.

(This variable took the value of 1in each case for eight observatioesfor eachssignee industry
inventor location pair). The other interacted dummy variablese defined similarly This analysis

can help us better understand what is behind the surge of patenting, though it cannot dwgplain w
factors led tdhe boostn a specificcategory.
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All thesets of explanatory variables jointly dgignificant explanatory powethejoint significance
testsarepresergd in Table A6. Figure 7 present the year interaction effeatseachcase with 2001
normalized as zerd?anel A shows the sharp increase in the number of patents per year across all
cells. To calibrate the rise in tlyearfixed effects from O t@bout 200patents per cel, the mean

cell had 53.2 patent award€?anel B showshe steady decline in the sharematenting in banking
relative to payments and all other subject matters.

Additional patterns are shown in Figure-7APanelA displays the sharp decline in patenting by
banks and other financial instituton®lative to IT and other firms, a declineathstaréd at the
beginning of the sample, accelersdter theGFC, and only began recovering in the mD10s
Payments firms, after mirroring the decline of banks, experiensethawhat moreapid recovery

of the 2010sPaneB showsthe strong trend towards increasing patenting by domestic assignees,
at least up untithe mid2010s. This patternwas consistent with the strong domestic bias in finance
patents shown in Tab

This analysis also lertself to a classic differeneia-differences analysisvhich we focugdaround
the Global Financial Crisis of 20d#. To examine the changes in this mannersulestitutel for
the year dummies an indicator varialide whether the observation wasm 2009 or afteror

Patent Couni: =T o T 1(Patent Typg PostCrisis) T » (Assignee Industry PostCrisis)
I s(Inventor Location PostCrisis) ‘i = *p Tt Tipe (D

The dependent variableas againthe number of patents in a given cbéfore 2009 oafter, patent
type p, assignee industry and inventor locatioh. PatentTypg PostCrisis.represermdthe vector

of dummy variables denoting witerthe cellwasan observation before or after the financial crisis
andof patent typep.

The interaction between the indicatdor anassignee in the banking industry and a 46&i5C
observation was significantly negative (coefficient-1#5.4 with a pvalue of 0.000), as was that
for an assignee in an@hfinance industry and a peSEC observdion (-104.7 and 0.000)and
similarly for paymerg firms (-116.7 and 0.000)The interaction between patentith a subject
matter in paymentsand the posGFC dummy was insignificant, but that between bankiyge
award and the posGFC indicator was siificantly negativeat the 5% level-5.2and 0.@31). The
interaction between domestic patentees and theGieStindicator was significantly positive79.2
and 0.000).

While theaboveanalysis suggestithat the years after tf&FC sawmore patenting bfirms outside

of finance and outside of the banking subject mattedid not explore the interactions between
assignee industry and patent typ® explorethis phenomenon at a deeper leweé repeatd the
analysis, nowwith the addition ofan interadion betweerthe award year, assignee industry, and
dummies denoting whether the patent by a bank patenting an invemtlsanking or a payments
firm patening in payments.(In addition, we aded controls for the interactions between assignee
industry andpatent type.)

Figure 7 graphically depicts the interactions. dih banks angayments firmsbeame progressively
more likely (relative to other firms) to patent their core areas over tim&hus, banks actualy
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increasel their share of patenting manking controling for the overall decline for patenting activity
by this type of firm and in this subject mattdihe null hypothesis that the threey interaction
terms were equal to zero was rejecaethe 1% confidence leveéh short, innovation é&camemore
specialized over time: banldid not responded to the apparent decline in innovative potential in
banking by moving their innovative efforts into other areas

We also lookd at the nature of the patent awards. Tdlkescribeswo distinct dimensions, gleaned
from the language in patent claims:

1 The first column examines whether the patent gracesone, as opposed to a product
focused award. Based on our classification of patent types, we absinae all
communications and sedty patents are unambiguously proceskted ones. For the
remaining patents, we divide them into process and product ones following the methodology
of Banholzer et al (2019), which focuken the presence of process patetated keywords
in independat claims. Wedok the most conservative of their measures, which medsure
the share of independent claims that are preoelated based on the initial two keywords.

1 The second approach deterndinehether the patent bea consumer financeapplication.

We scrutinized the website for the Consumer Financial Protection Bureau and the titles of
working papers of the Household Finance Working Group for keywords or bigrams (two
word phrases) that related to consumer products. (These are listed in Tapk/étotaled

the number of these keywords or bigrams in the first 100 words of the field labelled
Adescriptiono or Abackgroundo field, t he
appeared.

Panel A of Table 4 relatesthesetwo metrics to a number of features of financial patents in the
sample. We see that the share of proeesikconsumer finance patents incredgwer the sample
period. The category of IT, payments, and other fiwese more likely to be issakprocess patest

as well as consumer finance oniésThe final two lines inthe panekuggestd that, in regard to
process and consumer finance awards, patents assigned to IT, payments and otheafmeebec

18We also looked at whether the awards encompaseévaretechnologies. We followed the
methodology employed by Chattergoon and Kerr (2020), which in turn is based on Bessen and Hunt
(2007), and again draws primarily on key words in the description field. TaBeeseals that a

very large share of the finangeat ent s are classified as fAsoft wa
that linked the patentability of financial topics to their embodiment in softwameinstance, in

State Street t he relevant test in det er mifthe coglestgdat e nt
claims to see if the claimed subject matter as a whole is a disembodied mathematical concept
representing nothing mabetthah Bdéaa@w of néatut
has been reduced to some practical agpicaon  r e nd e r lbid.gt 1544, 310J15R2D ul . 6 0
(BNA) at 1557. This test was a restatenwrd rule first articulated inn re Alappat33 F.3d 1526,

31 USPQ2d 1545 (Fed.Cir.1998 uzzlingly, IT firms were less likely to be issued patents digesg

as software. Practitioners that we discussed the results with hypothesized that financial firms may
have faced greater skepticisthan IT companies about whether their applications satisfied the
Alappattest and thus erred on the side of explicithging softwareaelated terminology.
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differentiated over time. Put another way, the gap inptleo ba bi | ity t haweret hese

differentially process or consumer ones nagdwver time.

Panel B of Table 4 examines these relationships in regression analyses dwachsimance patent
with available data as an observation. We estimate:

Consumer/ProcedRaten®; =1 ¢ T 1(IT Other) T o(IT Other Early Award) T 3(IT Other
Late Award) — [ 062 Tix (3

ConsumepPaten®; andProcess Patent?epreser@d dummyvariablesindicaing whether a given
patenti wasconsumer financer processn focus, defined as abové&he key independent variables
wereIT Otherd that is,whether the patent was assignedmanformation technology, payments,
and other noffinance firn® and dummies fothe time period of the application. In the second and
fourth regression, we add interactions between two time dum(Besly Award, for 2006004
application andLate Award, for applications in 2015 and aftean inventor locationfixed effect
andC B, aset of control variableg Theseunreportedcontrok werethe age of the firmat the time

of the application its revenue, ands status as an academic institution, other-corporate entiy,
publicly traded firm,andbr SIFI.)

Taken together, thanalysis suggestithat thef i nanci al I rofsfihandialuiinovatiors 0
fell sharply over time, in part due to their failure to expand ttaigeof innovatve activities The
increasedocus on banking patentsy banksmay have reflected the dathatthey, perhapsmore

than IT and othecompanis, had existing businesses tfated intense competitive chalenges and
required great managerial focdmother possibility is that these firnaspiedto expand into other
areas of financial innovatip but found it difficult to do so. Two possible constraints may have been
regulatory pressures or their lack of ability to innovate in these new technologies.

5. Trends in Academic Ties

This section examirgethe chanmpg utiization of academic knowledgdJsing citations in patents
to academic prior art, wehow that therewasa strond and indeed growirdly association between
academic citationgandfinancial patent impactBut in recent yearghe rate of citation to academic
researcliell, particularly among banks

Table A-9 presents a first look at the journals most frequently cited in finance patents.frdside
one anomalous case (discussed in the note to the table), the jouemalsvell known ones thégll

into three categories: journals devotedcomputer technologies, academic finance journals, and
practitioneroriented finance publications.

We first looled at the probability that academic citationgre included in finance patentss Panel
A of Table 5 illustrates, the correlationcoefficients reveald a negative relationship between the
number of academic citations in the finance patents and the awardTdateattern leld for

publications inall andbusiness/economics/finariaelated publcatons as wel | op8® t hos
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finance journald® When we decompose the patents, the effe@stfar stronger and more consistent
for patents assigned to banks than for other assigdestries Meanwhile, the average age of the
citations (the years between the article publication and the patent grant) increittssdless
relevant academic knowledge eadtor firms were putting less effort into accessing these insights.

One concern was th#éthte number of citationso academic work makave fallenmore generally
Such shifts may reflect, for instance, a changing overall propensity to cite academic work, or longer
examination periods for patent applications with many academic citations. Wéusoked at the
changes in these citations relative the academic citationpgten in nonfinance patents?In
particular, we normalizel the ratio of theaveragenumber of academic citatioris finance patens

to the mean number of acaderitations n other patestbe 100 in 2000, and loekl how this ratio
changel over application years. We loel#f separatly at citations to articles in business, economics,
and finance journals, those in IT publications, and other periodPalsel A of Figure A8 stows

a precipitous dropelative to other patentgarticularly for citations to business, economics, and
finance journals.Panel B looks at academic citations (all anditess, economis, and fnance
publications in financepatents, comparingatentsassigned to banks to alherawards. The figure
demonstrates sharpdecline in such relative citations since the GFC.

Thus, it appears théihancial institutions, especially banksaccesedacademic work less than they
did in the past. Whether thigflecedthe shifts in the supply of relevant academic knowledge or
the ability of firms to absorb this knowledge (Cohen bednthal, 1990 was not obvious from this
analysis, but below we find some cluesthis question

YWe identify the ATdqrn@afFifancalaunnalef FipaoaalrEncamdmies (t h e
andReview of Financial Studigdrom numerous efforts to rate journals in the literature, such as
Chan, Chang, and Chakg013).

20 Table A10 compares the finance patents to two broader populations: the entire population of

patents applied for and awar ded-hewaer ot lpateame |
To determine the acadenfieavy classes, we first identified tpats assigned to academic
institutons. ( We compi |l ed all patents with an assigne

as those on the various annual lists of the most active acagn@oees compiled by the
Association of University Technology Magers (which allowed us to capture entities as the
Massachusetts Institute of Technology and the Wisconsin Alumni Research Foundsfierihgn
extracted the foudigit CPC subclasses in which these patents most frequently had a primary
assignment. We d@gnated the 53 top classes (all those with 500 or more patent awards by academic
institutions in the sample period) as academic heavy. In general, finance patents cited less academic
work than other patents. The disparity between the finance and thevachdavy awards was
particularly striking. When we looked at the citations to articles in business, economics, and finance,
and even more so top finance and top practitioner finance journals, a very different picture emerges:
the financial patents madegsificantly more such citations. Moreover, the finance patents cited
significantly fresher prior artthat is the mean lag between the article publicaton and patent
application was nearly a year shorter for finance patents. Talllé eéxamines these paths in
regression analyses, and highlights how many of these pattgmes driven by the patenting
practices of U.S. corporations, the most frequently represented assignees.
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It is natural to wonder howonsequentiathese shifts in academic citations .av¢hile academic
citations have been shown to be linked to patent impaditierfields (Watzinger and Schnitzer,
2019; Poege et al., 20)9to what extent is thiinowledge relevant forfinancial patens?

Panel B of Tableé takes a firsiook. We compaged the impact of finance patents with and without
academic citations. As in Table 2, we used three metrics of patent value: citation weights, Kogan et
al. (2017) patent values, and Kely et al. (2020) weightsstriking association between more
academic citions and greater patent impact appeared. Using citation weights, there was a
statistically significant relationship foall academic cites, higinpact academic citations,
business/econontiinance citations, and higimpact business/economic/finance atibns The

only exception was citations to Top 3 jousjalvhere the results were directionally similar, but
insignificant. The results using Kogan et al. (2017) and Kelly et al. (2020) values were similar
directionally, and consistently statistically rsfggant. Moreover, the results were large in economic
magnitude: for instance, a financial patent without an academic citation was subsequently 8% more
cited than a typical patent in its subclass; for ones with such citations, they were 52% more cited.

In Panel C of Table 5, evusedtwo metrics of patent valuas the explanatory variabie OLS
regressionsAgain we usedeach patent with sufficient data as an observafidre specification
was:

Patentvalue=f o T i(Academic Citations TimePeriod) ‘i ¢ 06& Tix (4

The dependent variabldatent Valug was the normalized citations and the Kogan et al. (2017)
value. The key independent variable was the number of academic citations interacted with the time
period of thepatent application(again, in four fiveyear blocks) We also included controls fone

time period inventor location, and assignee characterisaggif, theage of the firmjts revenue,

andits status as an academic institution, other-oorporate etity, publicly traded firm,andbr

SIFI).

The repressiotighlighted that the relationship between the number of academic citations and two
metrics of patent value, citaterand Kogan et al. (201#alue increased sharply over time. In
particular, the relationshipvas much stronger for patents applied for between 2015 and 2018 than
in other periods. (It did not seem relevant to use Kelly etal. weights in this analysis, as these were
not calculated fopatentawards made after 2015.)

Overall the analysis suggest a substantial change. Academic knowledge apgubtr be an
important driver of financial paterimpact, and this relationship strengthenedler time But
citations to academic research hdafen, particularly forthebanking industry Moreover, financial
patents in generaVere citing increasing older academic knowledg&hese patterns may be due
to the shifting focus of patenting away from areas where there is relevant academic knowledge
reduction inthe creation of relevant academic knowledgea decreased abilty by firms, especially
banks, to absorb this knowledge.

6. The Changing Geography of Innovation
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This section focusson the changing geography friancial innovation. Focusg on theUnited
States (which as shown abowsas the primary and increasingly important locus fioencial
innovatior), we document two distinct effects. Firte locus of innovation dramatically shifted to
the San Jos&an Francisco metropolitan aréagely at the expense of the New Y-dtkewark one.
While part of thischangewas due to the entry and exit of firms, it was primarily driven by the shifts
in the locus of innovation within incumbent firmBhese shifts appeadto reflect both regulatory
pressures and technological opportunities.

6.1.Summarizinghe Shifts

In order to undertake both analyses, we needed togaap patent to a combined statisticalaare
(CSA). To do this, we usethe state and countyederal Information Processing StarléFIPS
codeof the firstnamed inventor, also provided by Patentsview, and a crossveatipiled by the
U.S. Bureau of the Censusetweertountylevel FIPScodesand CSA codeas of mid201321

Table 6 showsthe share of patenting by CSA for the tenASSwith the highestfinancial patent
counts. The tabléabulates foffour periodsthese patents as a shareatffinance patentsusing
simple patent counts, citation weights, and Kogan et2417) weights

The table shows that financial patenting concentrated overinttethe share of applications from
the ten largest CSAs rising from 40.5% in 2@30 to 45.5% in 20148. The rise of patenting in
the San Jos&an Francisco CSA dve much of the increas@ iconcentration. The decline in the
importance of New York and the rise of Charlotte (whigtssedNew York usingKoganweighted
patents by the 28118 period)were also evident.

The change in the location of nfinance patents mirredthese changesubin much less dramatic
form. For instance, the share of Aiavance patents awarded to a first investor in the San Francisco
San Jose CSAosefrom 18.5% for awards applied for between 2000 and 2004 to 22.8% for awards
applied for between 2015 and 20Ehd awarded by February 2019). The share of New York CSA
awards &l over the same two periodsoim 82% to 7.9%.

In Panels A through C imable A12 we asemble a variety ofpatenting measures for these three
CSAsThe nAtale of edabharpsetotcontrasis:s 0 pai nt

1 SanJoseSan FrancisceOakland saw dramatic growthwhether measured ogi raw or
weighted patenting. This was driven by raided firms ie.,thosewheret he f i r més r e
in the application year wasore than $100 million butdss than $10 bilign rather than by
small and large ones. The patenting activity was driven by firms iTtaad other category,
but especialy by payments firms.

21 https://www.nber.org/cbsasafips-countycrosswalk/Listl.xls Our use of the firshamed

inventor reflects the consensus for our conversations with legal practitioners. To quote one
practitioner gui de, At her e i srs]l.a&0nwapaterst, the pegsoni f i C
wh o i s named first IS usually consi di
(https://www.upcounsel.com/pateimventor nameordel.
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1 New York-Newark by way of contrast, saw a sharp decline in patenting. This was driven
by a decline in patenting by large firms, especialy SIMeanwhile innovation by small
firms increasedsharply, reflecting the rise dintech companieshere. Firms in the IT and
other category sawhe fastest growth.

1 CharlotteConcordsaw rapid growth, particularlywhenusing Kogan weighting. Thigrowth
was driven bypatentingby large firms and SIFIs in banking. A closer look at the data shows
that this change was largely drivday Bank of America, which not only consolidated
patenting activityin Charlotte (in the 20004 period, the largest CSA for patent applications
by the bank was New York, with 26% of the total; in 208, CharlotteConcord
represented 66% of its awajdbut also greatly accelerated its innovative activities.

Figure 8 provides another view of the overall patterns, focusing on activity across U.S. Census
regions over timeWe construcédthe analysissample at the application yeal).S. census region

level, for a total of 171 observationd9 years x 9 census regions). \&stimatel the following
specification to examine the pattern of financial patenting in U.S. census regions over time:

PatentCount;=T ¢ | 1(Region TimePeiody) ‘; [+ Trn (B

The dependent variabl@as the number of finance patents applied for in census reggear t.
As before, we divide the application years into four periodhe key independent variablegere

application period indicater Time Period; interacted with the US census regidommies Region,

with the Middle Atlantic region anthe 20002004 period as baselneWe also includd census
region fixed effed’ ;and year fixed effesf ; as controlsin our regression.

The figure presents the coefficients of the above regression for two specific retiperiBacific and

South Atlantic (which includes Charlotte) regions Financial patentingin these two regions
increased sharply over time relativetbe@ Middle Atlantic region,suggesting that the locations of
financial patenting gradually shifted from the east coast to the amelstouth These resultsvere
consistent with the rise of patenting in the San-&me Franciscand the Charlott€oncord CSAs

and the decline in thenportance of New Yorkepored from Table6. Table A-13 further presents

the detailed share of patenting by region for the nine U.S. Census regions between 2000.and 2018
More details on the construction of the CSA data set are in Appéndix

6.2.Geogaphic Changes

We underbok two sets of analysesf the drivers of these geographic changiese soughto
understand the importance of two possible sets of explanations: the push of regulatory pressures and
the pull of technological opportunity.

A first possibility was that theseffects may have been driven by regulatido. explore the impact
of regulation, we usel the data from Buchak et al. (2018)hich developedthree measures of
countylevel regulatory burdens between 2008 and 2@ith ahigher number in each representing
greater regulatory pressurgl) the changes inbank capital ratios; (2) mortgage servicing rights
(MSR) percentage of Tier 1 capttal; and {8 share of loan originations in 2008 that were within
the purview of theOffice of Thrift Supervision Using the sami.S. Bureau of the Censasosswalk,
we converedthe countylevel measures to CSlevel dataWe usel all 121 CSAs with at least one
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first inventor in a finance patent during 2000 and 2015. We ineddltis geogaphic measure with
assignee industry and patent type, for a total of 1452 observations.

With this merged regulatoryactivities and finance patent CSével dataset, we examitethe
impact of regulatory burdens on financial patentingamiven geographi location. To do sowve
estimatel the following specification:

PatentCount,.=T ¢ 1 i1(Reg 0 i i QIR T (Reg 0 OO TYPG)+ *p + G+ €;
Iripc (6)

The dependent variableras the number gb type finance patents applied for by assignee industry
between 2008 and 2015 in CARegwas one of the aforementioned measures of dSA&|
regulation. The key independent variablegere theregulatory measur&eg interacted with the
assignee industr type Assigneelndustry (with the interaction with IT/Other firms being the
baseline) as well as th&keg interacted with the patent typatentType, (with the interaction with
payment type being the baselin&ye also includd patent type(s ), assignee industry 8, and

CSA( &fixed effectsin our regression. The results in Table 7 show that the impact of regulatory
burdenswas far more negative for the three finance indugiribanking, other finance, and
payment8 than itwas for the IT/Othe category using all three measures. Meanwhile, we also
fourd a consistent and strong negative effectof regulatory pressure on Hgpkingaterd (relative

to payment typs).

To further examine the effects of regulation on financial patewotiggtime we underok a similar
analysis, usingnalternative measure of regulatoagtionsregardingbanks Following Lucca et al.
(2014), we collead formal enforcement actions data from four banking regulatory institutitres :
Federal Reserve BankBed), the Federal Depository Insurance Corporation (FDIC), the Office of
Comptroller and Currency (OCC), and the Office of Thrift Supervision (OW&then construed
statelevel panel data using the intensity of these enforcement ordaiisrbgulates as an indicator

of regulatory strictnessNe usel stateapplication yeaassignee industrgatent typenteractions

for a total of 1400 observations Using the merged statlevel panel data, we estimdtahe
following specification similar toequaton 6);

Patent_Coungs:=T o T 1(Reg: Assignedndustry) T ,(Reg: PatentTypg)+ <6 ¢+ g
F t T ipst (7)

The dependent variableasthe number op type finance patents applied for by assignee industry
in states at yeart. The key independent variablegre the measure oenforcement actions in that
specific state in a given yeReg;interacted with(a) the assignee industrype Assigneendustry
(with the interaction with IT/Other firms being the baselige)d (b) the patent typédatent pe
(with the interaction with payment type being the baseli¢g also include time fixed effects .,
state fixed effectss, patent typefixed effects , and assignee industmgffectse; in our regressions.
We examind the impactof enforcement actionen patenting in the year of tlaetion and in the
two years thereafteAgain, as shown ifPanel A ofTable A-14, the impact of enforcement actions
wasfar more negative for the thréieanceindustries(relative to IT/Qher) and for the bankirtype
patens (relative to payment type). Taken together, these results saeddbat part of the rise of
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patenting by notfinance firms and the drop of bankitype patenting may have been driven by
increased pressure on banke dofinancial regulation, particularly in the years after the GFC.

Table A-15 takes anothelook at theepattens. The specification were aselaborated irequations
(6) and ), but nowwith aninteractionbetweenobservations of banks and paymefiss on the
one hand and the type of patenting on the oftssxdditional independent variable®anks were
particularly less likely to patent in their respective core arethe face of regulatorpresare. This
finding was again consistent with finalal regulation hamg a particularly depressing effect on
established financiahcumbents

To explore thanfluence of technological opportunityywe usel the State Technology and Science
Index (STSI) data provided by Miken Institute measure the sttevel technology? The STSI

data includd an overall technology index assessing states' overall technology development and
capabilties as well adive subindexes that measure different aspects of a state's technology level
Thesewere termedlechnological Concentration and Dynamism (which measures industrial activity
in technologyrelated sectors)R&D Input Risk Capital and Entrepreneurial Infrastructure
Technology andScience Workforce and Human Capital Investment (which measure of
educdional achievement and throughput, with a particular emphasis on science and technology).
These measuresleased on a biannual basis since 2008e based primarily on statistics from

the U.S. Bureau of Labor Statistics, U.S. National Science Founda®nvell as private sector
sources such aBooMoodyédés and Pitch

We used as observatiorstatesnteractedwith the patent application yeao¢using on the period
from 2008to 2018 due to the coverage of the injleassignee industryand patent typeThus, we
had a total of 6600 observationé\fter merging those observations with the STSI datagxeminel
the impact of technological opportunity on financial patenting given state ovetime using a
specificationvery similar to equation 7) above

PatentCount,s:=T o T 1(Techy 01 i QDEURLEY) T o(Techy PatentTypg)+ & *,+
& [t Tipst (8

As before, the dependent variabas the number of patents in a given .cé#chywas one of the
STSI 6s t echnol osinhyeart. The key independeint variabéederethe technology
index Tech, interacted withthe patent assigneiedustry and with the patent typelhe baseline
assigneendustry was banks and the baseline pait type banking typeWe alsoemployed fixed
effectsfor time, state patent type and assignee industm our regressionsTable 8(with some
index measuresand Table A16 (with the other index measureshow that theravas a much
stronger association between stieteel technology development and financial patenting of the
IT/Other firms and paymestfirms (relative to the bamk We also éund a strong postive
associationof statelevel technological progressn the numbe of payment and other types of
patents applied (relative to the banking type).

Using the specifications equivalent thmse usedbove we also examirgéthe potentialassociation
of regulatory pressure and technological development on finance pateliig’ ¢dore specifically,

22 http://statetechandscience.org/
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using the same datasets as in Tabland 8 andPanel A ofTable A-14, weemployed ameasureof

the patent qualityascaptured byaverage citations per patent in a given cell. Using the patent quality
measure as the new depertdeariable in those specifications, we &xfthe association between
regulatory burderandtechnological progress on financial patenting qualty lmund no clear
evidence(seePanel B ofTable A-14in the Appendix).

6.3 The Impact of Switchers

We then sought to understand these changes in deisd. In particular, wexplored what dove
these shifts in patentintpcation The results highlight the importance tbk shifts in innovative
activities by existing firms.

Table A-17 undertakes an iretl decomposition of firmsPanel Adivides them into three categories:

i Exiting innovators, who filed an (ultimately successful) financial patent in-280@®ut not
in 201518;

1 Entrant innovators, who filed an (ultimately successful) financial patélig18, but not
in 200004, and;

1 Continuing innovators, who filed an (uttimately successful) financial patent in@béad
in 201518.

(Note we @l not include firms that did not patent in 2600 and 20188, but just in intermediate
years.)

For the third category, we alsodie out firms that shifted their modal CSA for patenting between
these two periods.ocationswitching continuersarerelativdy few in number (26 firms), but very
significant when patents are tabulatatlese firms represe@3 of the awards by continuing
innovators, and 41% of the awards across all three categories.

Panel B looks at the 26 locatismwitching continuersin more depthNine of the firms (representy

9293 patents in totanoved their modal location froMdew York-Newark no other CSAs close
in lossesMeanwhile, San JosganFranciscovas the destination of choice fimur of the switchers

representing 5562 patents. These resultgieseédthe importance of locatieswitching continuers
in the location analyes.

We also explore the impact of switchers in supplemental analyJedle A-18 presents aother
way to dramatize the impact of shifts in innovative location by continuers. The piaslents
counterfactuatalculations of patenting sharesin 2618, under two assumptions; (a) that the 26
continung financial innovatorsthat shifted their modal location retained the same geographic
distribution of patenting that they had in 268§ and (b) that all 130 continuers retained the same
geographic ditribution of patenting that they had in 2600 Focusing again on the three cities
highlighted above, had all continuensaintainedthe innovativelocations they haah 200004, the
decline in patenting in New York and the rise im&sanciscoeach woud have beemalf aslarge
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The dramatic growth irt€harlottewould not have happeneatal, because (as discussed above) it
waslargely driven by a single switcheé?.

One possibility is that banksvere more likely to switch to escape regulatory pressimeexamine
this hypothesis, we ud@asample consists of continuing financial innovators (here we relieg
innovators have filed successful patents before 2008 and2aftgr We definel a switcheras an
organization which shiftethe modal locatiorof its innovative activitiebetweer2000 and2007 on
the one handnd 2008and2015 on the otheli.e., before and aftehe GFC). We testd whether
bankswere more likely to switch their locatioof innovation when the regulatory pressure in their
original modal CSA increased rapidly aftee GFC, using the following probit model:

Pr (Firmis Switcher 1) ( o T 1(ReQrigincsa FirmIndustry)+ ;& C® 1) (10

Pr (J denotel probabiity and was the cumulative distribution function of the standard normal

distribution. Firm is Switcher wasan indicator for whether a firm sl its innovation modal
location before and aftehe GFC. For ther e gul at or vy pressure 1in
Regyigincsa We Us@ the sameahreemeasures of CSAevel regulatory burdens from Buchak et al.
(2018) asin Table 7 The key variables of interestere the measure of the extent of regulatory
scrutiny interacted with the industry dummjesspecially thénteractionwith the dummy for banks
We alsoincluded firm industry dummiesanda vector of firm contral C;, such asvhether the firm
waspublicly traded or venturéackedin our probit analysis.

As the results are shown Ranel A ofTable 9 Regardless ofvhich regulatory measurerere
employed banks weremore likely to switchtheir innovation location whemheir original modal
CSA faced greateregulatory pressurévioreover, theywere likely to switch to a CSA with less
regulatory pressurefflhe e xi st ence of thdve lseeran iinportant factorenr tiseo
decrease of the financial patents by the banking industry in their original modal CSA.

23 Table A19 looks at which continuing financial innovatovgere switchers in a probit analysis.
We use all 130 continuing innovators as observations. We edimate

Pr (Firm is Switcher 1) T o T 1(Modal 200004 Location) T (2000 Finance VC in
Modal 200604 Location) +‘; Ci° T1)(9

Pr (J denokd probabiity and was the cumulative distribution function of the standard normal

distribution. Firm is Switcher wasan indicator for whether a firm sleftl its modal location for
innovation changes from 20@@ to 201518. Modal 200604 Locationwere dummy variables
Indicting whether t lléorbetveemDE and @GDasha the Metv & ankt
or the San Jose/San &ircisco CSA. 2000 Finance VC in Modal 2004 Locationwas the dollar
volume of venture financing of finance firms in 2080the modalocation fort h e fpdtentimg s
in 200004. We alsoincluded firm industry dummies and a vector officontrols C;, sich as
whether the firm was publicly traded or venture backBuke results suggest that banks and

payments firmswere consistently more likely to switch than IT and other firms. Firms with the

modalearly patentindocation in the greater San Francisco area, as well as thoseetiegbublicly
traded,were less likely to switch.
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Meanwhile paymerg firms have switchedtheir location to pursue the advantagssociated wit
innovation by other entitiesn some regionsPanel B ofTable 9 looks specifically at thepaymens
firms that switched their locus of innovative activitieds in Table 8, ve againused the STSI index
datato measurestatelevel technologcal progressSince the STSI indexas updat@ only every
two years, we splt our data sample between 2008 and 2016 into four time .p&Yedsnly
consideed the continuing financial innovatorsin(this casethe firmsthat had financial patents
appled before 2008, iall four periods between 2008 and 2016, and after 2016). We diefine
"switch event" a®ne wherdhe firm changed its modal location for innovati@trosssuccessive
periods. Again, w teséd whether payments firms were more lkely to switchwhen the
technologcal capabilties in their original modal stawere lessdevelogd using the following
probit model equivalent to equatiodQy:

Pr (Firm is Swvitcher 1) ( o 1 1(Techyigns FirmIndustry)+ ;& 2Co 1) (11)

As before, the key variables of interegere the industry dummies interacted with the technology
index Techyigins. We wereparticularly interested in the interaction term including the dunfiony
payments firmsWe also included firm industry and time fixed effects &pch vector of controls
for firm characteristics

The results suggesd that payments firsiweremore likely to switchtheir innovation location from

a state with weaker technology capabilty afmiver technology development to a state with a more
advanced technology environment. As before, the existence of those "switeleegsin important
factor that increagkthe financial patents by the payments industry in thosetagjn states.

These resultsvereconsistent with thdinding of Moretti (2019) of the importance of location to
innovative efficiency. It appeadthatfinancefirms actively shiféd their location,whether tgpursie
innovative advantages to escape regulatorgressues These shifts haidhportant impactson the
location of financial innovation.

7. Conclusion

In this paper, wexplored the evolution of financial innovation by examining U.S. patents applied
for between 2000 and 2018Ve highlighte dfive key conclusions

1 The surge in the volume of financial patenting in the U.S. since the late . 198@over,
financial patents were disproportionately important ones.

1 Thesharp change in th&ubject matter of financial patents, consistent with the broader shift
in the fnancial services industry towards household investors and borroeracreasing
fraction of patented innovation foemon consumer and process innovations rather than
business applications.

1 Theentry of U.S.IT andayments firms, and the associateductioninnnovation by banks
and other financial institution®Banksdid not respond by the decline of innovation in their
core area byshifting their innovative focus: in fact, they have become more focused on
banking innovations 1T, payments, and other firmsere more likely to be issukprocess
patents, as well as consumer finance ones.
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1 Thereductionin the incorporation oiicademic knowledge fimancialpatents despitahe
continuing (and indeed growing) associatminsuch irsightswith patent valueThis trend
affected banks most adversedg seen irthe steep declinan their academicitations over
time.

1 Thereshaping of thgeography of financial innovatio his shift reflecied bothregulatory
pressureand the changingpcation of technological opportunitie¥hese shifts werargely
driven by continuinginnovators mouvng their locus of innovative activity, rather than the
entry or exit of financial innovatorsIT firms andpaymens firms, as well as bank$acing
intense regulatory scrutinyere behindmany of these changes

We conclude with wo observations. The first ithe difference betweenthe focus ofacademic

studies othe financial innovation discussed in the introductioand thepatternsdocumented her

The literature on financial innovations has largely highlighted new financial instruments created by
banks and capital market firms, as well as cryptocurrencies. While these areas are doubtless
important, the extent to which innovation is occurring rieaa like payments, arfghsbeen driven

by firms outside the traditional definition of financial institutions, teeived little attentiorn the
literature.

A second observation relates to the pressure that financial institutions hawe fetjard to
innovation. Tle declining share obanks infinancial innovation and thé& continuing focus on
banking technologiesnayreflects (at least in pargptimization decisions based on existing product
ines. But other shifts may be beyond their control, sashthe decreasedailability of relevant
academic resear@ndthe increased regulatory pressu@sbanks

Of course, there are many areas for future exploration. Foremost of ttiesessesmentthesocial
impact of these discoveries. As Lerner and Tufano (2011) highlidietevaluation of the social
impact of financal innovations is particularly subtle unlike a new chemotherapy or solar panel,
these discoveries can have dramatically different impaas tovie as they diffuse anie behavior

of consumers anfihancial institutios changesSome of the conceptual approaches highlighted in
papers such as Budish, Roin, and Wiliams (2018y represent a way forward.
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Figure 1Financial patents and applications as a share of total U.S. patenting. The red linelshaoato

of the number of financialitility patents granted annuallfo the total number ofutility patents granted

The blue line shows the number of finanaiéility patents applied for annually divided by the total number

of utility patents applied forThe chart is drawn from two samples: the sample in this paper, namely patents
applied from January 2000 to Deceml@®18 and issued by February 2019, and the sample in Lerner (2002)
(for applications before 2000 and awards before 200he definition of financial patents differesodegly
across the two samples. Certain patents applied for before 2000 and awardext@ainl00(nd afterare

not included in the numerator or denominator afly year The number of applications in yedefore 1976

may be understated by the USPTO.
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Figure 2. Trends in Kogan et al. (2017) value and patent citations by cooperative patent classification (CPC)
category and award yeawe use all patents applied for between 2000 and 2018 and awarded by February
2019 There are nine main categories undbetCPC scheme. We separate all of our finance patents and
classify them into a new categorfyanel A depicts the log ¢e mean Kogan et al. (2017) value by CPC

category over time, and Panel B depicts the lotheimean patent citations (through October 2019) by CPC
category over time.
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Figure3. Composition ofinancial patentsThefigurespresent the breakdown of patent type (Panel A)
and assignee industry (Panel B) for patapplied for between 2000 and 2018 and awarded by February
2019. The tabulation in Panel B excludes patents assigned to governuomamessities,or individuals, as

well as those where the industry cannot be determined

Panel A: Fancial patenting by patent type.

Wealth
Management

Security
Payments

Real Estate
Insurance \
Currency .\\—
Cryptocurrency

) Commercial
Accounting Banking

Retail Bankingnvestment
Banking

Panel B: Financial patenting by assignee industry.

Banking

Capital Markets

Other
Consumer

Finance

Insurance

Payments

34



Figured. The front pages of the three most influentjatentsin the sample, as measdrey cumulative
numbers of citations, Kogaat al.(2017) weight, and Kellt al.(2020) weight.

Panel A: Patent in the sample with the most citations.
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Figure4 (continued).

PanelB: Patent in the sample witthe highest Kogan et al. (20) weight.
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Figure4 (continued).

PanelC Patent in the sample with the highestlly et al. (2020) weight
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