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We live in an age of global mass migratighe parbf skilled knowledge workelRecent

literatureon skilled migratiohas pointed out thate number obJ.S.migrants with tertiary degsee

rose by nearly 130 percbatweer1990and2010 (Keret al.2016). Howevethis phenomenon

coexistsvith significantoncerraboutmigrants displawogyjobs for the nativborn, andabout

whether countries shoulkeducehar intakeof skilled migrant3 his paper sidesteps the debate on

whether skilled migrants create organgt employment opportunities locals. Insteagve study

an interesting phenomenon related todleeofethnicmigrant inventors in innovatiattheir host

firms. We argue that ethnic migrant invenddfer from locals anplay an important role in

transferingto the hosftirm, knowledge previousbckedithirthe cultural context of their home

regions. We study recombination of such knowledge once it has been transferred to the host firm.
To motivate this line of research, we pressiptized examplavolvingthe role ¢ Dr.

Hari P. Cohli, methnic skilled migrant andesearcher in immunology at the University of

Mississippin transferring knowledgéoutindian herbal medicine to the wé&st Cohli migrated

from India to enroll at the University of Toroatullater studied and worked at SUNY Buffalo

and the Johnson Space Center in Houston. At the University of Mississippi, Dr. Cohly met Dr. S.K.

Das, a plastic surgeon who was about to amputate the leg of a patient with a wound that would not

heal due to a conditicknown as restenosis, a gap between two blood vessels. In his native city of

Agra, Dr. Cohly had attended the Indian herbal mediynavédaliscourses of Dr. M.B. Lal

Sahab, a religious teacher and Edinkrdgbated parasitologist. Drawing on tlsseurses, Dr.

Cohly suggested using turmeric to heal the wound. When the patient recovered, avoiding

amputation, Dr. Cohly and Dr. Das conducted a clinical trial and filed a U.S. patent faro u n d

healing agent consisting of an effective amount af turmc  pThisvekamplélugtrateshe

role of an ethnic migrant researcher in codifying knovdebigkan medicinal herlasid

transferringt to the west.
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Economic history is replete waichexamples of skilled ethnic migréinéssfes of
knowledge previoudlycked withirthe cultural context of their home regitinthe hostegion
and to their host organizatioB8sholars hawdocumentedhe case of Russian mathematiéans
transfes ofknowledgebout sucliields as partial differential equations and symplectic topology to
the United States, after the fall of the Soviet Union in the 1990s (Borjas and Doran, 2012; Ganguli,
2015) Another examplis theseventeentbenturymigration oHuguenots from France t
BrandenburgPrussia. As Hornung (2014) states, the Huguenots introduced a great variety of
advanced skills and new technologies to their host region. One aced@mirtiessions
introduced by Huguenots, mgsextilerelatedall of which were pveusly unknown to the host
country One Huguenot carried with him the secret of dyeing fabrics in a speaizbtivay
brought the art of printing on cottdiconomic history has also documetitedole of the
Venetiartity councilin luring skilleanigrant artisans from Florence by offering them patents,
which protected tiremonopoly right$o the knowledge they possessed (Belfanti 2004). After the
expiration of the patent, the Florentine artisans joined the local artisan guild in Venice and shared
their knowledge with local artisans.

Despite these and other examfiexussed in a later sectioiskilled ethnic migrants
transferingto the hostegionknowledge previoudlycked withirthe cultural context of their
home regionghe ecentiteratureon highskilled immigratiohas focused aime employment
effects of skilled immigratiammmelywhether skilled migrardeeate odisplacgobsfor the native
born(Kerr, Kerr, and Lincoln, 2015; Kerr and Lincold02@oran, Gelber, and Is&91§. This
guestioris part ofa larger debate in the strateggiinnovation literature on the global sourcing of
talent.Scholarsuch agewin Massini, and Peeté2§09havelong arguethat theshortage of
highly skilled technical talent in theted Statesind theneed to access qualifiewledge

workersabroadshould driveve s t e r offshéringrirfmevdtion decisioisis literaturgends to
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take for grantethatmigrant inventoreesemigendthuscanreplace) local inventotise literature
thusoverlooks the possibility that migrant inverddfefrormocal inventorsSpecificallymigrant
inventoramaydiffer from local inventoiis terms of th&knowledgehey transfer across borders
knowledge that could subsequdntisecombined by other inventors, includaagl inventors.

Thefield of innovation and strategy has prodwceadh literature on the role of context in
shaping innovative outcomes (Hambrick and MacMillan, 1985). We draw on this ditet alere
literature on crogsational variatioim contextalong cultural, linguistic, religicarsd other
dimension$Ghemawat, 2001; Berry, Guillén, and Zhou, 20J®sitthatknowledgeanbe
deeply embeddedl its cultural, linguistior religios contextWealsodraw on the literature on
impediments tthetransferof sticky knowledge (Von Hipp&894 Szulanskil996) to argue that
exante suchknowledgeanbelockedin its home regiomndthusunavailabléo knowledge
production iranethnic migranihventod s hos.t country

Given thisargumentwe study the role ethnicmigrant invent® especially first
generatiomthnicmigrantsin transferringuchknowledge from their homegiorsto their host
firms. We use theermhome regito denotehe regioswhere the knowledge questiorwas first
discovered and/or put into us&¥e use the phrasthnic migrastukelyto denote residents thfose
regiorswho migrate to the hoBtm. Such individualsould be firsgeneratiomthnic migrants (i,e.
individuals who migrate themselves) or¢gteeration ethnic migrants (whimsebearsnigrated).
For purposes of this pap#re phraseorethnic inventefsrs to individuaisho didnot migrateto
the host firmfrom the home regi@of the ethnic migrant inventar¥hey includeoth local
inventors and those whaigratedo the host firnfrom other regionef the world.

We argue that firgleneration ethnic migrant inventors have both the absorptive capacity
(Cohen and Levinthal, 1990) @émelcareeincentivegHolmstrém, 1993p transfeto their host

firms, knowledgéhat wagpreviouslyockedwithin the cultural contexof their home&gionsWe
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also draw ofiterature on the mechanisms of knowledge recombination (Allen 1977, Fleming 2001)
to studyknowledgeecombinatiooncesuch knowleddgeas beetransferred tothe hosfirm. We

argue that ethnic migrantdosecareer incentivesressjuick wins (Amabile and Kramer, 2011)

tend toreuse prior knowledgehileteamsvhose members includen-ethnicinventorsespond

to incentives for knowledge recombination.

To test these propositions, we created a unique daf&s@g@ntecherbal patents filed
with the U.S.Patent Office (USPTO) betwet®i/77and2013by U.S firms and universiti¢sat
were operatinduring al99%2003immigration shockrhe filing entities includsdchlarge
western multinationals as Abbott Laboratokiegien Eli Lilly, Pfizer, Colgate Palmoliizaw
ChemicalProctor& GambleandUnileveras well akrgeU.S.universitiesAccess to high skilled
migrantgs importantn this industryas evidenced by responsebladighteningof U.S.
immigration pliciesfor instanceKenneth Frazier, the CEO of Merekserted thaiVe have to

get the best scientists, the best employees a

Our identification strategy is driverainyexogenous shockWoS.H1B employment visas.
In 1998 an@00Q Congress passkadjislatiorwhich temporarily increased the quétdiB visas.
The new legislatialso exempted universities and a select list of other entities from the quota.
Exploiting thispolicy change to estimatdifferencen-differencesnode] wefind thatan increase
in the supply of firgeneration ethnic migrant inventors increases the rate of codifida¢idrabf
knowledgat U.S. assigne®ge observe aZlpercent increase in herbal patenting at firms subject
to the visaap? Furthermoreinventorsof Chinese and Indian ethnicites more likely to engage
in knowledge reusmeanwhilgteams comprising nathnicinventorsare more apt tengage in

knowledge recombination (imbining herbwith other synthetic compounds to create relatively

21t is plausible that demand side effects leanl itacrease in herbal patenting over time; howexenr thathevisa
shock only affects capped firms, our analysis is focused on estimating the effect of a supply shock on herbal patenting.

5



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

novel formulationsY.o our knowledge, we are the first scholars to exploit the H1B exclusion list
for purposes of research.

Our findings contribute to the literatures on skilled nagrand ethnic migratidierr,
2008; Foley and Kerr, 2013; Franzoni, Scellato, and Stephéary 20jge#tg that ethnic migrant
inventors differ from local inventorglwregard tdahe knowledge they bring &dirm, knowledge
thatcansubsequentlyerecombined. Thigsigh should be incorporatedapolicy debatesn
skilled migration. Our findings also inform the stratedinnovationliteratureon inventor
mobility and knowledge floiBreschi and Lissoni, 2009; Oettl and Agrawal, 2008; Rosenkopf and
Almeida, 2003; 89, Almeida, and Wu, 20@83on the microfoundations of knowledge
recombination within firm&arnabuci and Operti, 2013; Fleming, 2001; Gruber, Harhoff, and
Hoisl, 2013).
Theory and Hypotheses

Ethnic migrant inventors andtransfer ofknowledgeacrossborders

Thestrategy and international busitiessturenas documented crasational variation in
contexs along cultural, linguistieligiousand other dimensioi&hemawat 2001, Begvyal
2010)We build on this literatute argue thaknowledge can beckedithina given cultural
context, andas a corollaryhatsuch knowledge may not transfer easily to regions whose cultural
contexts are dissimilar

To make this argument, we draw on the literature on impediments to transéésring sti
knowledge (Von Hippel994 Szulanskil996 SzulanskPO® Jensen and SzulangkiO4).
Szulansk20®@) outlined several impediment&towledgeransfetaving to do with the
characteristics of the knowledgeludingthatit might beexanteunprovenn anewcontext
and/or thatcausal ambiguitgightprevailaboutthe effectiveness @mployingt. Knowledge
might be considered unprovercantainocales because it is codified in a different language. In the

6



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

case of Chinese and Indian hieniedicine, western researchers are apt to lack access to knowledge
codified in Mandarin and Sanskrit textbooks; they might also be skeptical about using such
knowledge, given the paucity of clinical trials proving the effectiveness of herbs. Suck knowledg
might also suffer fromausal ambiguityS z u | a2hterk fordask of kbddvi@dge about why a
given set of actions wmwhywl)t.s linn tdhegicvasre odt cCh
herbal medicine, uncertainty might be concentrated avhetiter Chinese/Indian herbs would be
effective in the western climatic environment. Uncertainty of this kind could prevent effective
knowledge transfaie also leverage the theory of tacit knowledge (Polanyi, 1966, Dasgupta and
David, 1994, Cowan and Ry, 1997p argue that theknowhowo involved inusing knowledge
embedded in the cultural context gheencountry may not transfer easily across borders.
Specificallytacit knowhow might be embedded in the actions of expert practitionghaiand
awailableonlyto immediate observe&uch experts might all be concentrated in the home region,
where the knowledge is locked.

Ethnic inventorsvho migrate to a nevegioncould be instrumental in transferring such
knowledgeacross bordergVe argue thathnic migrant inventohave the absorptive capacity to
gainfully emplognowledgereviouslyockedwithin the cultural context of their homegions
Building onCohen and Levinthal (199@kargue thathroughprolongedorior exposure, ethnic
migrant inventorare likely thvaveacquiredieep understanding of both the kneky andhe
knowhow aspects of knowledge locked in the cultural conteirdfomeregiors. Theymayalso
havehad access to experts vpossessed perdinttacit knowhow.In addition tgpossessintpe
absorptive capacity to transfer knowledgess bordersthnic migrant inventohgve incentives
to codify such knowledge at their host fiNds.build on theorgibout thecareer incentives
individuals within firm@Holmstrom, 1993p argue that transferring and codifying knowledge from

their home regions enables ethnic migraestablish reputatieas high performeat their host
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firms? It is important to note thdioth the absorptive capacitytransfer knowledge across borders
and thancentives to codify such knowledge at the hosaferapt to bespecialljnarked among
firstgeneratiethnic migrant inventar€ompared tdheirseconegeneratioifor longersettlel)
ethnicmigrantcounterpartdirst-generatioethnicmigrantdhave had more horweuntryexposure

to pertinenknowledgeandto experts who harbor sukhowledge anldave strongyincentives$o
distinguish themselvattheir newhost firms In otherwords, when firggeneration ethnic migrant
inventors move across borderscamgexpect to see an increase in the codification of knowledge
previously lockedithin the cultural context of their home counfriBlsisleads us to our first
hypothesis:

HypothesisAh increase in the supplygeiinsttion ethnic migrant inventors increases the rate of
codificatiahtheir host fish&nowledge previouslwitickéee cultural contexirdidhee region
Recombination of knowledge
Next, weconsidehow knowledgpreviously lockedithin the cultural contextf ahomeregion
getsrecombiredter its transfer to the host firas well athe roles of ethnic migrant inventors and
nonethnicinventors in knowledge reuse and recombination

Thestudyof knowledge recombinatitiasa rich traditionn the fields oEconomics and
strategy (Schumpeter, 1:988lson and Winter, 1982enderson and Clark, 1990). One stream of
this literature focuses on the microfoundations of knowledge recambirgthe rolethat
individuals playn knowledge recombinatiaithin a giverfirm. This tradition dates back to Allen
(1977) and is framed by Fleming (2001) as the process of recombinaghateactiaracteristd

individual inventorsn the subsequent literature, Carnabuci and Operti (&&1@)atévo distinct

3 Holmstrém 9990 ut | i nes how an afatge careedmag ihfliience bi®an leeincentivésdorput

in effort or make decisions on the job. In the model, the person's productive abilities are revealed over time through
observations of performanead an implicit contract links today's performamduture wages.

“4In addition to directly codifying such knowledge;dg@seration ethnic migrants might traristerethnic and non

ethnic peers at their host firms, who might over time codify variants of it. This insight builds on prioraeisgarch t

how mobile inventors might act as cmdtural brokers, imparting knowledge téocated peers after geographic

mobility (Burt 1992; Oettl and Agrawal, 2008; Almeida and Kogut, 1999; Singh 2005).
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recombinant searclrategie® r e combi nant creationd (creating
and orecombinant reuseo6 (reconf i ¢hourcontegkt c o mbi n
recombination isorelikely toconsist ofecombinant creatipar recombining knowledge
components from the western context with knowledge components previously embedded in the
ethnic migrant iWebuwldonh this lasure ko theoeize thah ghe case.of
knowledgeransferred from the cultural context of a home region to a hqstfimt migrant
inventors arenorelikely to engage in knowledgasehan in either form of recombinatjdy
contrastteamghatincludenonethnicinventors arenorelikely toengage in recombinant creation.

Building on the prior literatuadoutabsorptive capacity and career incentikgeargue that
theincentiveslrivingethnic migrant inventetend to promoteeuseof knowledg@ver
recombinaton n our setting, we frame knowledge reus
appropriation of knowledge from the home country and codification of that knowledge in the new
context of a western firr@iven her relatively high albstive capacityith respect to knowledge
previously locked in heomecountry the ethnic migrant can realisticeMyect a high likelihood
of success at reusing heooeintry knowledg®&Ve build on expectancy theory (Vroom, 1964) to
argue thathisexpectatios likely to motivate reusé such knowledge by ethnic migrasiso,
ethnic migrant invento gspeciallfirst-generatiomthnic migrantgthostfirms experience strong
incentives to establish a reputation quickly. The literature onnamg/es has shown tigaick
winhhel p boost individual sd confidence and i nst.i
2011; Connellgt a].2011). Arguably, transferring and reusing-bouardry knowledge could be a
quick winfor ethnic ngrantsin contrast, recombining the same knowledge with components well
known to the western firm would require the ethnic migrant inventor to develop the absorptive
capacity to assimilate knowledge componentdbtisettings. We also know from priterhture

that developing the absorptive capacity to work with new knowledge components calls for repeated
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exposure to related problems over the course of many practi¢éetnzds recombination is
unlikely to result in@uick wifor ethnic migrants.

We also theorize thabn-ethnicinventoramight bemore inclinedo engage in recombinant
creatiorby working with ethnic migrant inventors andpmworking on their owr\s prior
literature has showm, éngage in recombinant creation, inventors adevéknowledge diversity
(Cohen and Levinthal, 1990; AhujaModrisLampert, 200 arnabuci and Oper#013.> When
nonethnic inventors collaborate with ethnic migrémsesultingeamwould have greater
knowledge diversitiianeither of the inventor groups workseparatelyRecombinant creation
could als@merge froomon-ethnicinventors working alonon-ethnic inventors might learn the
new knowledge being codified from their ethnic peers and might recombine such kimbigledge
insight builds on prior research tracing how mobile inventors might actaslitn@$rokers,
imparting knowledge to-tacated peers after geographic mobility (Burt 1992; Oettl and Agrawal,
2008; Almeida and Kogut, 1999; Singh 20d0%)ever, wrking on a recombinant creation project
is a risky choice fanindividual As Holmstrom(1999) statetjerisk preferencebkat govern
choices oprojectsaredriven byi n d i vdarden @hcearris. Nathnic inventors migmakethe
risky choice of working on recombinant creation, given that information about their talent is more
likely to be knowto the firm.In short we expect highezuse to emerge fraamscomposed
exclusively aéthnic migrant®8y contrast, & expectecmbinant creation to emerge frteams

whose members includen-ethnic inventorsChis leads to owgecondypothesis:

5 According to Cohen and Levinthal (19ROpwledge diversity facilitates the innovative processes of individual
inventors by promoting novel associations and linkages pertinent to thesphelyl@nme attempting to solve. In a
similar vein, Ahuja adorris Lampert (2001) have shown that kndgdediversity helps individufitel radically

novel approa@sto solving technological problergxtending this argument, Carnabuci and Operti (2013) theorize
that knowledge diversity helps individual inventors engage in recombinant creation.

10
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HypothesisT2amsomposed soktiyiaf migraaremorékely toeusknowledge from their home
regiorad their host firkmowledgecombinati®morékely to rursuddy teantisat includerethnic
inventors
Data, Variables and Identification Strategy
To test our hypothesese use a unique datasetbinese and Indidrerbal patents filed in the
United State$-or several reasongrbal patents aea appropriate empirical settimgvhichto
study the transfemd recombinatioof knowledg@reviouslyockedwithin the cultural context of
ethnic migrant inventdis h o me. For eegturiesqoth Chinaand Indighave accumulated
extensive knowledgéoutthe medicinal properties of hemvghin medicatanondgistinct from
the western mediaczdnon(Ayurveda, Unani, Siddha, dodjd CM, or Traditional Chinese
Medicine). Chinese and Indian migrant lexdye workergccount for moreeneficiaries of
temporarnyJ.S.work visashan any other national grouipsthe pharmaceutical industmhich
generatesiany herbal patents, immigrants repr&386tof the total R&D workforce and 43% of
medical/life scieists(Michel and Witte, 2014hisscenarigepresents an opportunity to test
whether knowledge @hinese and Indidrerbal medicine iensferred téhe west byirst-
generatiomigrant Chinese and Indian scientistd whethenon-ethnicinventorsplay a
importantrole in recombinatioof that knowledge
A unique dataset ofherbal patents
Withinthe entire universe of USPTO patents, we identified herbal patents filed between 1977 and
2013. We categorizagatent as herbalttie application nardat least one herb asgecifid its
use. Our search process consisted of three iterative steps. fiissghtained a list of 52 herbs
andtheir common and scientific napfesm the National Center for Complementary and
Alternative Medicine (NCCAMjebsiteWe thensearched Thompson Innovation and LexisNexis

TotalPatents for USPTO patentisoseabstract or titteamedany of these herBa/e found 7,563

11
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suchpatentsWe theniteratively searched the identified patentadoeherb nameand collected
additional herbal patentheaddition otherb namesextractedrom thosepatens ultimately
producedh list of 1,785 herbs. The total number of pduert pairexceedthe number of herbal
patents becausesinglgatent camamemultiple herbsThe most frequelyt namederbsappear
in TableA17in theAppendix Next we performed a classification seasshgboth the
International Patent Classification (IPC)thatl.S Patent Classification (USPC) schérriemlly,
we used the Traditional Chinese Medicine (TCM) database to augment our dataset and read patent
abstracts to further validate ourdistl identifyadditionaherb names and their usgeappended
all patents with U.S. priority to our existirtigsi.
Wethencollecedinformation abouthe patentassignedsomUS P T OO s Pat ent sVi e
CapitalQ. Our identification strategy, detdibelow focusel on U.S. entitiethatcould haveed
inventors between 1999 and 2@93s,weconcentratgon patents filed by U.&signeefirfns
anduniversitiesthatcould have hired inventors1999$2003 To determinevhichassignedsl|
into this categoryye usd PatentsVie® assignee classification datadatd fromCapitalQ on
the locatiosof thea s s i peadsuwartedOur sampleonsists ol,794 patent filingded by
U.S-based assigne@8;1 of which were grantéthpital IQ also providd i r ms &8 f oundi ng
all owing us t dWeadopad$36 pa@ntathoseassinegsmgilydirms) were
founded after the visa shdekd thus not affected byat)thatstogedpatenting before 199he

first year of the shock, suggesting that the assignee mayeno¢éem operation during the visa

61n partialar, we used the IPC class A61K36+ and the USPC classifications 424/725 and 514/783. The IPC class was
introduced in 2002 by a Committee of Experts at IPC Union for purposes of linking the Traditional Knowledge
Research Classification (TKRC) with IPCGaasgb the work of the World Intellectual Property Organization

Traditional Knowledge (WIRDK) Task Force.

7 For assignees without an equivalent firm in Capital I1Q, we used the earliest patent application year in the USPTO
dat abase as tirggearaGuisrésglte aeerdbsst td odhar mefinitions of assignee founding years, and to
including the assignee in the sample, even prior to the first patent filing date, with lags.

12
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shock periodDoing sdleft 1,258patent filings In the base caseekept only patentapplications
that were grantetkgsulting irv58 patentsubmittedoy 401 assignees.

Finally, we aggregatur herbal patent dagiitheassignegear level by counting the
number of herbal patents granted giverassignem each year. We ddbetsfillcommand in
Stata to fill in missiragsignegearlevel olservations. For yearbien arassignewas not granted
any herbal patents, we setabsignegear observaticat zera® We dropedanyassignegear pairs
that corresporetito dates beforenassignges f o u n d i assggnegeartieeel datdsatleus
an unbalanced pameinsistingf 8,998 observatio@n average @2 4years obbservationor
401 assignees
Identification strategy andvariables
We proposed two hypotheses: that an exogenous increase in the ugbgjgradration ethnic
migrantinventors increases the rate of codification of knowpeelgeusly lockedithin their
home countriesnd thatwhileethnic migraninventors are more likely tause knowledge
transferred across borderecombination is more likely to be pursued by teams compuising
ethnic inventorsTo test the first Ippthesis, we run a differennalifferences model on log herbal
patent counts at tressignekevelto determine whethéerbal patentinghanges as tisepplyof
Chinese/Indian migrants the U.Schanges. To test the second hypothesis, we test vihether

probability ofecombinatiororrelatewith the presence of Chinese/Indian inveildtorsn amee s

8 This number includes patents filed by entities that did not file platémgsthe visa shock but did so after it ended.

Our results are robust to using the sample of asdigaidibsd patents during the vishock periodSection 7.5 in the
appendix contains more details on the selection of assignees.

9 The outcome varidédy number of herbal patents granted to an assignee in a given year, has many zeros; and the
variance of this variable is larger than its mean. Consequently, we idvastigeea Poisson regression is

appropriate for this data. Following Cameron and Trivedi (2010), vezl ahleethethe outcome variable looks like a
Poissordistributed random variable. We see a slightly higher probability of zeros in the obsereethanttteam

Poi sson distribution would predict (0.0089), but no
command. The contribution of zeros to the PearsefS@itare statistic is 0.001, further showing that our data does not
suffer fran over inflation of zeros. We also ran robustness checks using a Poisson and Poisson QML specification.

13
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patent.The nexsection descriseur natural experimenlefinessariable, andpresentempirical
specifications.
A Natural Experiment: The H1B VisaShock and Excluded Entities
Thekeybarrierto identifyingvhether or not a supply shafifirstgeneratiothnicmigrants leads
to greater codification of knowledgéhe existence of unobservables affecting both codification
and immigration patterrns.our setting, the returns to investment in herbal patenting increased in
the mid1990s as the market for herbal remedies grew. This increase in demand may have led firms
to acceleratherbal patentingnd torecruit more experts on herbal remedilss, evenif we found
a correlation between ethnic migrant inventors and codification of knowledge, Wwe wualite
to determinavhether these ethnic inventaserefirst-generation migrantshe goal was to find an
exogenous increase in the inflow of ethnic Indian and Chinese inegh®idited States
unrelated to determinants of herbal patenting.
In pursuit ofthisgoa) we utilizd an exogenous shockskilled immigratioto the Uhited
StatesIn 1998 and 2000, Congrpssmnulgatedwol aws t hat di fferentially
capacity to recruit skilled labor from abroad. As a result, the numbereshpldigmentisas
increased from 65,000 in 1998 to 115,000 inah@395,000 in 2001, atiten droppedback to
65,000 in 20080th laws were resporste increased demand foformation technologyT()
professionals during the ¢mtm bubbleThus,the flow offirst-generatiomigrants is plausibly
exogenous tthefiling of herbalpatentsincemost of the workerflled IT -relatedoositions We
focus on Chinese and Indian inventors because they are the two largest groups to receive H1B visas
workers from Indiaccount fothe majority of H1B recipients, followed by workers from China.
Figure 1lillustrateshe cap o0 H1B visaover timeln the appendix (section 2.4/ verify that this
H1B shock was meaningful for our sample of assignees by comparing ithéakerdCowlition

Applications (LCAS) a prerequisite filed by amployer that intendis apply for H1B visés

14
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submittedoy our sample of assignees to the numbevahique ethnic namen the list of
inventordn our sample during the shock period.
An interestingeature of this immigration shock, to our knowledgpresitouslexploited
in academic researthat @rtainentitiesvere exempted fromthe visa:eap r k er s o0 ( 1) at
institution of higher education or a related or affiliated nonprofit entity, or (2) at a nonprofit
research organization or oulg bire asrmanyenmployeds ay e s e a
theywishedviathe H1B visan additionto universities, the cagxempiassignekst includesirms
like Amgen Monsanto, anBioneer! Of our 401assignees, 73 were exempt from the visa cap; they
were grantefl23 patents hisexemptiorallows us tatudythe differential effect of the isap
increase by comparingrbal patent grantsatppedaindexempt patentingssignees
Dependent Variables
Patentcounts
Our main dependent varialileg Patent CQusithelognumber of herbal patents grantedno a
assigneeairm or universityjn a given year. We aggregate our herbal paterissigitegear
level dservations. For years in whanhassignee wascludedn the sample bwtasnot granted
any herbal patents, we set the number of pateet®. Since the number of herbal patent grants in
an assignegear is skewed, we add 1 and také?logs
Recombined
To create the dependent variable for HypotBesis code herbal patentsk@sombinkthe patent

text refesto synthetic notmerbal formulations in addition to heil¥& use the Derwent

10Source:
https://www.uscis.gov/sites/default/files/USCIS/Laws/Memoranda/Static_Files_Memoranda/Archives%201998
2008/2006/ac21c060606.pdf

UF rms were abl e t oexhe mpet liecthopéthesstattites exdnmgd framhhe nuineriaap

limitations of the cafhosemigrants whave e e mpl oyed oO0at 6 a qualifying institu
employnento by 6 a q u al .ilnfother wayds, ifirms douldtalsd claim nap exemptiunng a migrant
because the migrant woulnsttugper f orm duties o0atdé a quali f:

12Qur results are robust to using nonlinear count models, including negative binomial, Poisson and [Rdsson QM
discussed earlier, our data does not suffer from over inflation of zeros.
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classification, a manually curated standardized systéamdidyingatents maintained by

Thomson Reuter®Ve identifithreeclasses within the Derwent classification tmasistaf both

herbs and synthetic compounds, and code a patent as recdntlbeézhgs t@ny ofthese
classessection 7.1 in thieppendixexplaingiow this variable was coded.

New inventors

PatentsView allows usitientify individuahventors irour datasedndto track them across time

We combinghisdata with our ethnicity classification, desthbiw, tocountthe number of new
Chinese/Indian inventoesssociated witach pater{iNewEthnic Invergor

Independent Variables

Inventor ethnicity

Though mtent documents do ngppeciff nvent or sé et hnicities, we we
ethnicitiesisingn a mkngudstic cues. Probabilistically, surndikesing are more likely to be
associated with Chinese individuals than withettin@citiesBuilding on this insightwve utilized
theopens our ce name categodeteinié nvenh oir e g e s €&t
softwargbased on the Natural Language ToolKit (NLTK) package in Python, comes prepackaged
with a set of names and associated ethnicities. As a robustness check, Weupsathareity
classification resultghen usinglifferent training sete Ambekaret al(2009, who use statef-the-

art hidden Markov models andidiem trees for classification. Wmpendix reports correlations

across our measures and other established measures of ethnicity clase#icabiesy12and

A13). We find correlations above 0.9 for all our ethnicity med¥areieate indicator variakbies
specifywhetherthe sebf inventorson a patenis uniformly Chinese/IndiaiFullyEthnig;

uniformly norChinese/IndiarffNonEthniy; or of mixedethnicity(Mixed Tegm

Empirical Specifications

13 GitHub kitofans/ethnicityguessehttps://github.com/kitofans/ethnicityguesser
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To recapHypothesis tatsthat an increase in the supply of-fiesteration ethnic migrant
inventors increases the rate of codification of knowledge previouslwltiekebe cultural
context of migrant invensihome regionsOur identification comes from a differemce
difference model usingappedirms as the treated grqtipe treatment periddthe visashock

period.We estimatéhisregression equation using assignegear level data:

RN S RS PEENEFE L RN L

(1)
Our dependent variabt€l+Patent Colns the log number of herbal patents fileddsygnegn
yeart. The variableSappgdhoglare dummies for whether assigngesubject to the H1B cap and
whether the patent application yeavithinthe treatment peripd99%2003.To control for
assignetevel unobservablaad temporal unobservables includeassignegixed effects¥o) and
yearfixed effectgk) in some specifications, in whictsehe variable€appedhoclare
respectively droppedere, theAcoefficients capture the tisimvariant difference in patenting
betweercappedirms andexempfirms @), and the percentage change in hpatahting over
time @&). Our main coefficient of interest, the interaction teoaptureshe percent increase in
herbal patenting caused by relaxing the H1B visa cap.

To test Hypothesis 2, whiaksertthatteamsomposed solely ethnic migrants are more
likely to reuse knowledtn to recombine, itve must document the relationship between
knowledge recombination and inventor ethnicities. We test whether there is a significant association
betweerapaentwith only Chinese/Indaninventorsand thenature of thé&nowledge created (j.e.

recombination areusg We run the following regression equation using our-jeateindaté’

14\We also utilize the supply shock astimatelternatepecificationsRecombigedEC appIheckt k+ ;+ @and

YQOE aBQEQ o OV & 06 a dd®or oA B YR B "06 a d@do

I 60Rn QMo & d@d@®o| "00 & @diido_ % R .We incl ude y ¢andassigneededeffdctt ect s
(). A measures the change in | i kel i hoodgeoefatiomtenco mbi nat i
migrans, and measures the differential impafahe shock on patents with solely ethnic inventors
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(2)
Again, thelependent variablRécombipeid code@sl if patenti by assignepwith application
yeart contains synthetic herbal compouRddly Ethnig signifiesthaa p at e nt dlsavei nvent o

Chinese/lndian name®/e includassigneixed effect$%o) to control forassignetevel

unobservablahatdetermie the likelihoodhata patenmentiors synthetic compounds. TAe
coefficient measures the association betgthait compositioandthe probability oknowledge
recombinatiorBecause ¥pothesis 2 statdsatpatents witlexclusivelgthnicinventors are more
likely toinvolvereusewe shouldeeA< 0 even after controlling fassignetixed effects.

We are also interestedemporal trends recombinationSpecificallywe wish tdearn
whethey over timeknowledge imore likely to be recombined, and by which eginaigpsIin the

base case gvestimate the following equation:
[ J| s s, L ondl
1m0t @™ 74 Ol - rm>t <> "o5m

adiok - Famrt o "mokmh) £« (3)

Our dependent variable is an indicator denoting whether'@déstdt timed uses herf) and
whether iis a recombination of herbs and synthetic compounds. Ougnidéapvariable
measureBow much time has passaae herb Qwasfirst introducedn the Uhited States
measured using thime between thiding date of the first U.S. patent containing the daiftihe
filing date of patentWe includénerbfixedeffectsg, because we are interested in the wliiaih
effect of timeThe A coefficienwith herb fixed effectius measurefr a particular herb,
whetheiit is more likely to be recombined initisly Q) or afterit hasbecome more widespread
(A> 0). The A coefficienestimates nolinear effects.

Results

Summarystatistics for capped andexempt assignees
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Tablel comparesheassignegearlevel characteristics of capped and exassgneesluring and
outside operiodscharacterized awvisacap increas&/e report the means and standard
deviations, anttheresultof at-test withstandard error&igures 2a and 2b document the increase
in herbal patenting by U.S. entities during our study period: we see a significantly greater increase
herbal patenting between 1999 and 2003, when the visa cap was increased, at capped firms than at
exempt firms. In Figure 2c, we observe a similar trend in the numbers of new Chinese/Indian
inventos i@ames on patents. We will verify these trends bglogvrabust econometric methods.
Testing Hypothesis 1Difference-in-differencesestimation
Hypothesis 1 staéhatan increase in the supply of fgeheration ethnic migrant inventors
increases the rate of codification of knowledge previouslywettikedhe cultural context tfiose
i n v e hdme regof Table2 presentsheresults of estimating our main differeinee
difference specificatiorequation (1yising OLSOur dependent variable is the log of 1 plus the
number of patent grants aetssignegear level. Standard errors are clusteredassigeekevel.

We sedrom the coefficient on the interaction té@apped x ShaaokColumn 1that the
visa shock increased the log herbal patent @u0t044p= 0.0D). Thissuggesta4 5 percent
increase in herbal patentat§irms subject to the visa cdjpe positive coefficient on tlapped
variable denotébatcapped firms file more patents than exempt,fiArs0.0100= 0.026,
invariant to timeSimilarly, we see from thasitive coefficient c8hogkhatthe visashockis
associated with an increase in hedtahting(A= 0.048 = 0.00). Column 2 controls for
assignegearlevel factors that may affect herbal patenting, saskigseage and the number of
Chinese/Indian inventors employed byabsignem a given yearhe coefficient on our main
dependent variabler@bust to controlling foyearfixed effects (Column 3) afat assignetixed
effects (Column 4). For thest speafication we se¢hatthe visa shock caused herbal patenting to

increase by.Bpercentwith A=0.044p=0013. Our results are robust to relaxing the foungiay
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assumptions discussedhaAppendix TableA7) and to usingonlinear countodels instead of
OLS, which we report in tiigpendix TableA8). Separatelyn Appendix tabl&18we test
whether stricter immigration policater 2004lecreaskherbal patenting and fiadhegative effect
(A= 0.86,p<0.00), i.e.a 3.7 percemtecreasm herbal patent filing at capped firms after
reductionof the visa cap in 2004

Testing for paralleltrends anddynamics of thevisa shock

To learnhow the visa shock affected the two groupssifneesach yeaand to see whether the
commontrends assumption hojdge include interactions betweerpedfirm dummies and lead
and lag termr the implied visa shadkraphically, we can plot hbeing in the capped sample
affected herbalatenting by Chinese/Indian inventors over time byimgdtie coefficients on all
interaction termss in Autor (2003Poing soalso allows us to compare the treatment and control
groupsduringthe pretreatment periodn Figure 3, & see that herbal patenting increased
significantly between 1999 and 2@0&n the visa cap was increased. Furthermore, with the
exception of 1998nd1994, all the coefficients on the interactions are statistically insigmifeant
presshock periodsupporting the differenaedifference assumption of parallel tréhds.
New-herb introduction

We have shown that a supply shock ofgeseration migrants increases codification of herbal
patents in the United Statéstwe do noknow whether the knowledge being codified was
unfamiliar to western assigne@esuggested bil, which hypothesized the codification of
knowledge previously locked within the home region of ethnic migrant inVéatessimate an
OLS model for the probability that new inventors in the sample, especiallyhi@uwentors,

introduce anevherband/or anherbunfamiliain the wesfas measured by Google Ngraifisg

15The positive and significant effects of 1993 and 1994 might be related to the Immigration Act of 1990 (enacted on
November 29, 199@¥hichprovided for 140,000 visas per year fobpgded immigratidn five categories (EB1, EB2,

EB3, EB4 and EB5). It also created new categories of nonimmigrant visas (the O and P categories) for extraordinarily
skilled foreigners in the realm of science.
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results appear in Tal#d in the Appendi¥ We find that new inventors are 12 percentage points
more likelythan existing inventors introduce a new herp=(0.006); the presenakenewethnic
inventors on a patent adds 15 percentage points to the likefindomtluenga new herbpE

0.041). Similarly, the participation of a new inventor is associated with approximately a one
standaretleviation decrease in the measure of prior familiarity of the herb in tpe @.€84); the
participation of a neathnicinventor is associated wéth additional orgtandareieviation
decreasgxt 0.047) in prior familiaritection 3 in thAppendixprovidesmore detail.

Testing Hypothesis 2: Knowledge reuse and knowledge recombination

Hypothesis 2 staéhatethnic migrant inventors are likely to reuse knowledge transferred from
their home regionknowledge recombination is more likely to be pursued by teams that include
nonethnic inventorsTable3 presentsheresultof estimatindgequation2 using OLS ahclustered
standard errors, clustered at the assigne€laiushn lcompare patentsvith only

Chinese/Indian namés patentswvith at least one nesthnic inventaiWe see that fully ethnic
teams are Jlpercentage points less likely to engage in recombination thahaeamlsidanon-
ethnic inventorg€0.0%). Furthermore, watilize the identification strategy as an exogenous
supply shocln the likelihood obbservindully ethnic teamsonsisting exclusivelyfobt-
generatiorthnicmigrantsWe estimate differencen-difference specification similar to equation
(1) and interadt with anindicatorfor fully ethnic teant®s derivethe differential impaci the visa
shockon the fuly ethnic groupgColumn2 shows howhevisa shock affected recombingtion
column 3 showthe differential impact of the visa shoclpatents with only Chinese/Indian
names (fully ethnic¥olumn4 compares recombination probabilities for mixed &aoh®n-

ethnic team®ll specifications includssigneand application yefixed effects.

Column2 showsthatinventorsatfirmsthat were subject to the visa caBafepercentage

16 Specifically, we tgstOQi @0t 0 if ¢ | 0 QEOQE 0 0 Q0 @BOQOOE L QB O£ O
,andd Q0 '0Qi 6 "0W 6 Qh QP I0 VA O UiQY WEQD WOVOOE D W0 £ [ -
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points less likely tecombine knowledgé&s -0.313 p=0.022) " Furthermore, Column 3 shows
largemegativeffect forfully ethnic teamatcapped firms during the shqék-0897,p<0.001)
suggesting thatusas being driven by fully ethnic teaiossisting ofirst-generation migrants
Finally, Column 4 shows that both mixed and fullyettumicteamsare more likely to recombine
thanarefully ethnideamgqp=0.053andp=0.02L respectively). Atest fails to reject the null of no
difference between gtwo coefficientdn each spefication, we include various controls. We
include the number of claims and the citation count to control for patent characestics.
recombination may be driven by the broader collaboration network of {imard¢mns, we
control for averageumber of canventorsi.e. average centralégd forprior exposure to ethnic
coinventorscomputedat the paterievel(results available with authors upon rejjuest
Recombination over time
Figure 4a)plots the likelihood of recombination over tafteran herb is introducedd the Lhited
Stategmeasured by the filing date of the first U.S. patent containing thieyher®ntor ethnicity,
averaged across all hartetioned in the patent tékThesolid line plots the probability of
recombination by any ethnicigyd is the sum of the dashed lines, vhiththe probabiliésof
recombimtionby specific ethnioits We see a slightly positive, nonlinear relationship for
recombination in generagpecially for neethnic invators Mixed teams seem to increasé
rateof recombination | ater in an herbods | if
Next we formally test for the relationship between recombinatidheaddration ofime
sinceenh er b & s i Imthe bask cassch abservation is an hgrtent pair, for all herbs
and for all patents. For example, a patent with three herbs would have ttegelludrbervations.

Table 4 presentBeresultof estimating=quation 3. In all specifications,imadudeherband year

170ur results are robust monlinear specifications using logistic regression. Results are @vaiiablguest
18\We use thipol)command in Stata to plot the smoothed values of a Kerigtited local polynomial regression of
the recombination probability on the length of simee the oldest herb was released.
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fixed effects in addition to patéevel control’ Column 1 shows a positive and significant
relationship between recombination tamd elapsedinceanherbwasintroducedi.e, the
differencebetween the year application for the focal patent and the first year an herb was used in
any patenfwith A= 0.0G3 andp<0.001. Column 2 further shows mvertedU-shaped

relationship between recombination time sincenherbwasintroducedA = 0.0188 p<0001, A
=-0.00@, p<0.0001). Wealsoreport estimates for recombinatignnonethnic inventors (Columns
3-4), mixed teams-@, and ethnic inventors&y.We observaninvertedU-shaped relationship

for recombination by neethnic inventorg-or mixed teamsye see instead an increasing rate of
recombination over timé/e formally test for invertedshaped relationships as per Simonsohn
(2017) and present results in Figyted} Intuitively, this method tests whetbieeobserve both

a positive and sidimiant slope to the left of a given cutoff and a negative and significant slope to the
right, with the cutofbeingset via a RobiRlood algorithmiwhich the author shows is robust to
errord. For nonethnic teams, recombination increases in the firdtyE&izA.=0.027 p<0.00)

but decreases afterwaflig= -0.0@, p<0.007. For fully ethnic teamsje observsignificantly

lower levelsf recombinationanincrease in the first 20.74 y€ass0.002,p<0.001)and decreases
afterward$A,=-0.003p<0.001) Mixed teams increase recombination over timesaahbination
seems to bdisproportionatelgiriven by teams with nethnic inventorand mixed teams
Robustnesschecksand secondary analyses

The relevance othe shock to the sample ofassignees An empirical concern is thétH1B

visas werprimarily reserved foF companies, firmthat apgedfor herbal patentmightnot have
beenaffected by the visa shodke performed several tests relatetbtermine theelevance dahe
shock to our sample of firn&ncewve cannot observe the number of H1B visa grants at the firm

level, waise as a proxyabor Condition Applications (LCAs, a prerequisite bB Misas)which

19We include citation counts, number of claims, number of inventors, assignee age at filing, and whether the patent has
new inventors.
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we observe fahe universe of firms and thus éach fim in our sample. We match all h&sed
assignees thakere grantederbal patents to company names in LCA fildwgscontrol group is
therefore alhon-pharmaceuticabmpanies that filed for LCAs. The control group includes
companies such BM, Merril Lynch and Goldman Sagchsrbal patent assignees include firms
such as Amgen and Eli Lifygure 2 in theAppendix plots the quantdgiantile plot of total

LCAs filed by our assignees anthbycontrol groupThe quantilguantile ploshowshatthe
number of LCAs filed by herkzdtent assignees is-ewed, suggesting that herbal assignees
probablyhired more people via H1B vigasn didall other firms that fiteLCAs.t-test results

show that herbal assigneesl fie 146.7 more LCAsn average-étatistic 4.81) than other firms in
the LCA sample, further showing that hepbédnt assigneegreindeeda majorbeneficiary of

H1B visasWe also perforedbackof-the-envelope calculations of the effect of the visa shock on
hiring to show that the H1B shock had a meaningful impact on inventor hiongatehtingat
thetreatedassignedgapsubject assignees with herbal patent grauois) sampleOur

calculations suggéisathiring ten additional Chinese/Indian inventesailts irl.605 additional
patentgrants Thisestimateligns well with, for instance, Amgen in ZDi&t yeaAmgenfiled for
420 LCAs, 80 of which led to H1B visas. In 2015, 80% of H1Bs were granted to Chineg&/Indians
suggestinthat64 Chinese/Indianationals working for Amgen received H1B \W§¥asobserve
thatAmgen filed 71 herbal patents that yeaeof which were granted. Tipatternsuggests that
hiring 10 additional Chinese/Indian inventasults irl.406additionaherbal patent grants,
numbersimilar to the 1.605 obtained ab®etailsappeain theAppendix(Section 2)

Placebo testSerial correlation in tiweeatmentariable across yearay bias standard errors in
differencen-differences estimajesusing us to underestimate the standard andisover

reject the null hypothesWe followthe block bootstrapping suggestionBertrang Duflo, and

20 https://www.recode.net/2017/4/13/15281170/chimadiatechrhlbvisas
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Mullainathar§2004) an€hetty Looney, and Kroff2009)o run anonparametripermutation test

to study whether our estimates suffer from such biases. Intuitively, the permutation test calculates
the probability that we will s equally large effect sideen the treatment groups and treatment
periods are randomly seleatdule preserving thessignetevel correlation structufegureA4 in

the Appendixplots the cdf of the placebo estimates and a vertical line corresponding to the size of
our DD coefficientAsthis figureshowswe observe coefficients as large as the tmefully
specified model in Tall€i.e, 00449 less thatiive percent of the timé&oosting our confidence in
the results.

Inventors éucational backgrounds An empirical concemboutusing algorithms that code
ethnicitiesising names is whether #tknicities of multicultural individuats identified correctly
Inventors l@ackgrounsican provide information about whether hepl#nt inventors are more
likely to be firsgeneration migramtWe randomly samglB52 inventorfrom the Chinese/Indian
population and seastifor their edgational histeeson LinkedIn. To do so, we seaech
LinkedInfor the inventa®® a n d sta srsd nyefeeirala profile thafl) matcled the

inventor namand(2) matcled the assignee of interé3close irtimeto theperiodwhenthe
patentapplication was submitted, we cbalsearchs successful. Wetche®4 profiles (15% of
our random sampléut drogped?20 individuals whadinot list educationalredential{SeeTables
A146A16in the Appendix)Approximatelynethird of the samplevaseducated solely in Ingda
similar fraction was educasadely irthe Unhited State#\bout 20% were educated in Cloeéore
movingto the Lhited Statew study and/or workThe remaining inventors were educsaézlyin
China (9%) or educateddoth Indiaandthe United Stat€8%). In summary, a disproportionate
fraction of Chinese/Indian inventasho filedherbal patents were educated in Gimihadia,

indicating that thegreindeed firsgeneration migrant inventors.
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Clustering and alternate specifications. Our analysipertinento Hypothess l1and 2isclustered
at the assignee leldecause we believe that error terms for patents with the same\aiisignee
correlatedFor instance, compaspecific policies may affect the proportion of ethnic
Chinese/Indian inventor names@n g i v e n herlmahpptents.\AD aternatarelbroader
level at which to cluster would bepha t dRCtclasgbut doing sevouldreducehe effective
number ofclusters to <40, whiahightbe toofewfor unbalanced panels (Cameron and Miller,
2015)Thus weconsidethe assignee level appropriate to cluster standard@urarssults
(repoted in appendix Table A& robust to nonlinear count models (Poissgression, Poisson
QML) and to nonlinear count models that explicitly allow fordis@rsion (negative binomial
regressions).

Differences ininvestments inpatent quality. Differences in incentives and resources between
capped andxemptassigneasise possible endogeneity concérisspossible that cappédns

are more likely to benefit from herbal patamtd thatheyalsohavegreateresources (better
knowledge workers and patent lawyeétk)whichto obtain granted paten@®ur use ofassignee
fixed effects mitigates this concern. In additibtest on the differemeanf grant probabilities
betweertapped and exempt companies returns a differe@d08kith a standard deviatioh
0101, suggesting thdte grant probabilitiesf the two groupdo not significantly differ

Value of herbal remedies tdhe western biopharma industry. As forwhetheherbal remedies
are valuabl® the western bipharma industpafew stylized factsill shed lightTheU.S.herbal
remedies market was worth $5.4 biilid2016and is forecasted teach$6.6 billion by 2021
(Mintel, 2016)Veltknownproducts in this segment include Metamucil @&dtamble),
Benefiber (GlaxoSmithKlin@nd Fibercon (Pfizer) (Euromonitd016). Within western scientific
researcimore generallyrerbal and natural ingrediaarecited as key sources for drug discovery

(Doaket al.2014)Prior literature documents thaetween 1981 and 2014, at least 33 percent of all
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newy introduceathemical entities (NCEs) were natpratiuctderived (Newman and Cragg,
2007)FigureAlin theAppendix plotgountsof articleson herbal remedies all journal$n
PubMedand inselective journalike Sciendgaturgand theNew England Journdiealicine

Value created for firmsWe next providevidence thdterbal patentiled byfirst-generation
ethnic migrant inventocseate value for firms (measured using patent citations). Our secondary
analyss (reported iTableA6 in the Appendix) shows that citatiasfsnewherbpatentdiled by
capped firmgcrease by 91 percent during the visa shock. Capped éxpsrienced a supply
shock of firsigeneration ethnic migraxiisring the visa shock. Given our pfiodingthat patents
with new herbare more likely to be filed by ethnic migrdhispatternsuggests thaerbal
patentdiled byfirst-generation ethnic migrant invenimesate value for firms.

Discussion and Conclusion

We studied the role tfst-generatioethnic migrant inventors enossbordertransferof
knowledgereviously lockedithin the cultural contexof their homeegionsWeexploit an
exogenousupplyshock toU.S.immigration and a list of patenting entities excluded feshdbk
to presehrobust econometric resulfge also find that ethnic migrant inventorsvaseelikely to
engage in reuse of their prior knowledge, whereas knowledge recorisomatmiikely to be
pursuedy teamsomprisingnventors from other ethnic backgrounds.

Contributions of our study

Our results contribute to several literatures, incltitiagon skilled migratiorethnic migration,
inventor mobility and knowledge flows, and the microfoundations of knowledge recombination.
Like Jensen and Szulanski (2004p argued that institutional distance incrédasstckiness of
knowledge and impedes its transfer, we arguentveedgeanbe locked withithe cultural and
linguistic contexwhere it was originally producéée add to this literature by showtivag hiring

skilledethnic migrants can help firms appropréatd subsequently recombkreowledge

27



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

previously locked in the home regioinsthnic migrants

Our results contribute to the literature on skilled migr&ement research and policy
debatgKerr and Lincoln, 201Berr et al 2012Doranet al 2016) hafocused on the jeb
creation effects of the H1B progrém/e sidestep that debatenighlight the rolef migrant
inventors in transferriragross bordefsowledg@reviously locked within their home regions
Contrary tathe prevailingassumption that skilled migramtsembldéocal knowledge workers (and
thusmight displacthem), our papeimpliesthatskilled ethnic migrantandiffefrom locals wth
regard tahe knowledge they bring &hostfirm. Thisfindingsuggests that debate skilled
immigration shouldonsider knowledgeansfer and knowledgecombination effects with and
without skilled migratioklVe alsaontributeto the skillegmigration literatreby highlighting the
roleoffrstgener ati on (o0onewé) migrants in knowledge

There is also an emerging literature on the role of ethnic inventors and Diaspora in
facilitating knowledge trans{8axeniar2000 Kerr, 2008 Nanda and Khanna, 202@rawakt al.
2011 Foley and Kerr, 2018Imeida Phene, and 12014 Choudhury 20)%?We contribute té
by studyinghe role of ethnic and noethnic inventors iknowledge recombinatica topic that
has not been fully pbored inthe previouditeratureLike Freeman and Huang (2Qi4ho find
that diversity in author ethniasgyrelatedo morecitations andhigherimpact factor, our results
suggest that knowledge recombinatiparitydriven bymixed teams

Our resultcontribute to the strategy literaturelmmicrofoundations of knowledge

recombination (Allen, 19 eming 2001y heedhg calkto elucidatéhe micrefoundations of

21Kerr and Lincoln (2010) find that changes in H1B admission levels influence the rate of Indiaesanubh@imting

in cities and at firms dependent on the programeKalr ( 2012) find increases in firms
immigrants to be related to overall employment of skilled workers. BueDal{2016) find that H1B visas crowd out
empbyment of other workers.

22Kerr (2008) notes that ethnic scientific networks are central ttesmotchnology transfer from the United States.

Agrawakt al(2011) find that inventors who work for multinational firms in India cite the Indian Diaspora

frequently than do counterparts employed by the sarm@fither countries. Almeigaal(2014) find evidence of

intra-ethnic citations in the U.S. semiconductor industry.

28



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

innovation within firms (e.g., Felin and Foss, 2005). The recent literature in this argaencludes
work of Gruberet al(2013pnhowi n v e mdividuascharacteristics (glgeir educational
backgrounsland whether they are scientstsnginees) affect the breadth of their technological
recombinations. Oth&rork (Fleminget. a).2007Paruchuri and Awate, 205tudesthe effect of
individual inventar ietwork positionsn their ability to engage in recombinati@ur findings
contribute to this literatuleg/ suggegtgthat, thoughethnic migrant inventorsaytransfer
knowledgdrom their home regiorie western firrmand reuse,irecombination igptto be
performedoy nonethnic inventa Thisscenariandicdes a complementary relationship between
the ethnic migrant inventor and the {@bimnic inventgran insight thatecallghe literature on
concurrent sourcing of complementary componenksidavledge recombination (Parmigiani and
Mitchell, 2009; Hess aRadthaermel, 201%).Our findings also speakamechanisnthat Nerkar
(2003) callst e mpor al e xbyfirnosrcraateivaiue by cawtbismeyeknowledgevith
time-honoredknowledge.

Generalizability ofour resultsand boundary conditions

External validity is among our studyodwe | i mita
did a comprehensive search of the literature in economic history and migration a@mdn@ofile
qualitative examplpsrtinento the phenomenon of imest(Table Al irthe Appendix) They

include thexamplef Italian migrantéransferf knowledgespecifido the food and fashion
industresto the United States and Australia. As we document, Italians resisted assimilation in
general, anspbecificallyesisted "Americanizing" their cooking habits. Italian mirantferof

knowledge and ingredients to the United Sjatesway teubsequent recombination of

23Fleming, Mingo, and Ché2007) study the brokerage positions of ohaibiinventors; Paruchuri and Awate {01

study the reach of inventors in idfiren networks and theability to spastructural holes. Other papers in this

literature include Nerkar and Paruchuri, 2005; Audia and Goncalo, 2007; and Tzabbar, 2009.

240ur results are closely related to those of Hess and Rothaermel (2011), who build on Arora and Gambardella (1990)
by arguing that star scientists can link a firm to complementamgduaodant knowledge at other organizations. Our

insights contribute to th®oader literature on intfiam knowledge recombination (Carnabuci and Operti, 2013; Karim

and Kaul, 2014)

29



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

knowledggfirms such as Campbell's and Heinz marketeessdial versions @taliancuisine
includingsuchdishes as spaghetti in tomato sauce (LevedS&dn In doing so, the American

firms applied their own knowledge of processing and packaging food to classic Italian cooking. We
also profile the example of British miggdatitalywhotransferred back home the&acitknow-how
aboutoperating silk machines (Cipolla, 19¥®)rtherexamplas the transfer aiccounting

practicedy Indian migranttrom Gujarat to South Africa.

To reiteratethe keyassumption underlying our phenomenon of interest istaaite,
knowledgevasinitiallylocketh the cultural contexteft h ni ¢ homegegioaue te éausal
ambiguityand/or unprovenness using the knowledge in a different congd/or
concentrationn the home regioof experts witlthe requisitéacit knowhow. This boundary
conditionimpliesst hat , over timwdyoi anhotviwét bandbvnbew cod
the host regiorsuchknowledge could be unlocked and could gatsia new geography. As an
example, Florida and Kenn&992 study Japanese automotive assembly plants in the United States
and conclude that Japanese production practices can be uncoupled from Japanese culture and
transferrecbroadBikard and Marg2018) have also shown ttet same knowledgeght be
simultaneoul$covereacross two geographical contaRtss circumventing the need for transfer.
Future research codldtherexploreboundary conditiona othersettingssuch asestaurants
(ethnic migrant chesmdsommelies)

Other limitations and directions for future research

We captuethe effects of immigratiaiathe marginal H1B visa candidate, a highly skilled
individual. More general increases in immigration may have different intpadisosfer,
codificationand recombinatioof knowledgereviouslyocked itmi g r ldome regs

Beyond the culturalrdension of geographic contextufe research can explbosv

regionspecifianstitutional factors influenegy knowledgeslocked in garticulaigeographic
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context It canalsoexplore the rolen crossborder knowledge transf#rethnic scientistgsho are
temporary migrantdn example is A.Q. Khani Pakistana temporary migrant scientigto
arguablyransferred knowledgé centrifuge technology to North Koréazuture work could also
study whether ethnic migrants cosdifghknowledge in forms other than patentingaicademic
publications and business practmeghow the value of recombinikgowledge from newestern
settings with existing western knowlesthgeild be shared between ethnic grdupsxample of
such grojectis the Amazon Third Way initiatia@ effortby the World Economic Forum to
design and deplalye Amazonian Bank of Codes, an open digital platform that will map the
biological assets of the Amazon and provide a global marketplacekioosied)e In the
broader strategy literature, scholars could study the role of skilled ethnic negragb®rder
transferof knowledge underlying cultural goods and sef¥Vices.

Webegarthis study by asking whether ethnic migrant invetiffasfrom localsn how
they contribute to innovation at their host fir@sr researcbutlinesat least one dimension along
which ethnic migrants differ framon-ethnicknowledge workers, j.the knowledge they bring to
the firm.Our research suggests that ethmgrant inventors ambn-ethnicinventorsplay
different rolevis-avisknowledge reussmdknowledge recombinatiddur results have managerial
implications for firms engaged in R&D and ebasder sourcing of ided$ey also have
implications for policgertaining tdigh-skilled immigration and the effectiveness of temporary
worker programike the H1B?' In conclusion, our study suggestsaliatus on whether migrants
createor displacdocal jobsstoo narrowly focusedocia plannershouldconsider the loss to

cumulative knowledge production if western countries restriatttiee of skilled ethnic migrants.

25 Source: https://qgz.com/1080927/djabkistarhelpnorth-koreadevelopnucleatweaponsndiausjapanwantto-
know/

26 There is a rich strategy literature on cultural goods (e.g.,, Llampeind Shamsk000) but little empirical work
linking migration of ethnic knowledge workers to the spread of cultural goods across borders.

27Source: https://lwww.wsj.com/articlestimnworkersin-u-s-feartrump-h-1b-visacrackdowrl 488191404
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Table L Summary statistics

(1) 2) 3)
Normalvisacap Increasedisacap Diff (2)9 (1)

Capped

mean sd mean sd b S
Patent counts 0.06 0.29 0.21 0.55 0.15 (0.02)
Recombined 002 014 007 034 0. (0.
New inventos 0.11 0.66 0.39 1.42 0.28 (0.04)
New ethnic 0.01 0.14 0.05 0.34 0.04 (0.01)
inventos
Ethnic inventors 0.35 0.85 0.38 0.83 0.04 (0.07)
Observations 5470 1384 6854

(4) (5) (6)
Normalvisacap Increasedisacap Diff (5) d (4)

Exempt

mean sd mean sd b S
Patent counts 0.04 0.21 0.12 0.41 0.08 (0.02)
Recombined 001 010 005 028 004 (002
New inventos 0.10 0.58 0.24 1.00 0.14 (0.05)
New ethnic 0.02 0.22 0.04 0.29 0.02 (0.02)
inventos
Ethnic inventors 0.57 1.07 0.56 1.08 -0.01 (0.22)
Observations 1788 356 2144
Difference-in- Diff =in-Diff
Difference (6)8 (3)

b S

Patent counts 0.07 (0.02)
Recombined 0.01 (001
New inventos 0.14 (0.05)
New ethnic 0.02 (0.01)
inventos
Ethnic inventors 0.05 (0.20)
Observations 8998

Note: Standard erroappeain parenthese®bservations are at the assigresg level, for all yedingtan assignee
(firm or university) was in operation. We uséstieommand in Stata to fill in missing assigaaepairsthe variable
0 Patoewnntt s 6 the aumber of hetbal patents filed by an assignee in a giverhyear. v aRecdomtinkde
measures the number of recombined patents at the ags@mee | . | n
indicator for whether the patent contains synthetic compounds as well as herbal ingtedients. a Newa b | e s
inventos 6 @l ewdethnic inventasr éepresenthe number of inventois a firm yeawhofile their first patent, and

the same number for inventors with Chinese/Indian ndntes

herbs on a patent.

regressi orsan

variable OHerb

35

we

counto

0

us
0

e

0

count



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

Table 2. The dfect ofavisa shock on herbal patents

(1) (2) 3) (4)

Dependent variable: logiatentcouny

Capped 8hock 0.044 0.038 0.042 0.044
(0.017) (0.017) (0.017) (0.018)
Capped 0.010 0.016 0.009
(0.005) (0.005) (0.005)
Shock 0.048 0.052
(0.014) (0.014)
Constant 0.030 0.042 0.000 0.027
(0.004) (0.006) (0.010) (0.010)
Controls N Y Y Y
YearFE N N Y Y
Assigneé&E N N N Y
Observations 8998 8998 8998 8998
AdjustedR? 0.030 0.059 0.068 0.072

Note: Standard erroppeain parentheseslustered at the assignee level. Observatiesistheassignegear level,

for all yearghatan assigneea{irm or university)wvasin operationWe use thisfillcommand in Stata to fill in missing
assignegear pairsThe assignegearlevel dataset is thus an unbalanced panel consisting ob8¢398tions (an

average of 22.4 years of observations for 401 assigmeespendent variable is the log of the number of herbal

patents filed byneassignem a given yeaCappeid an indicator for whether the assignee is subject to the yisa cap

Shoclkis an indicator for years 1999 through 2003. Controls inclddectime of inventorsvho areChinese/Indian,

assignee age, number of inventors, and the number of Chinese/Indian irRergensage increases are calculated as

p mit'Q p . Inthe bae case, we use an OLS specificiiormodels with assignee fixed effects, we use an xtreg
specificationThedependentariable, number of herbal patents granted to an assignee in a given year, has many zeros;
and the variance of this variable is larger than its mean. Consequently, we investigate whether a Poisson regression is
appropriate for this data. Following Camarwh Trivedi (2010), we chedkethethe outcome variable looks like a
Poissordistributed random variable. We see a slightly higher probability of zeros in the observed outcome than the
Poisson distribution would predict (0.0089), but no differenae thiprc t ed count s of zer os wusin
command. The contribution of zeros to the PearseS@hare statistic is 0.001, further showing that our data does not
suffer fromover inflatiorof zeros. We also ran robustness checks udiegpsive Binoml, Poisson and Poisson

QML specificatiorAlternativelyin theAppendix(Table A18)ve preserd DD specification using Post2004

(tightening immigration policies) as the treatment petiazh yields aegative and significartefficieniA=-0036

p<0.001)
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Table 3. Probability of recombination across ethnicities

1) (2) 3) 4)
Dependent variable: Recondain
Fully Ethnic -0.346 -0.609
(0.154) (0.318)
Capped x Shock -0.313 -0.243
(0.136) (0.132)
Capped x Shock x Rulthnic -0.897
(0.218)
Fully Ethnic x Shock 0.872
(0.198)
Fully Ethnic x Capped 0.293
(0.288)
Non-ethnic 0.360
(0.155)
Mixed Teams 0.315
(0.162)
Constant -0.995 0.481 0.425 -1.272
(4.688) (0.186) (0.185) (4.737)
Controls Yes Yes Yes Yes
Assignee FE Yes Yes Yes Yes
Application Year FE Yes Yes Yes Yes
Observations 758 758 758 758
Adjustedr? 0.062 0.073 0.078 0.062

Note: Standard erroappeain parentheses, clustered at the assigne®les@ivationareat the patent level. We
retainonly herbal patents filed bySLhssignedn operatiorduringthe visashock periodThe cependent variable is an
indicator for whether the patent contayrgtsetic compoundBully Ethnids an indicator for patents with only ethnic
inventorsCapped x Shaxhkn indicator denoting whether the patent was filed bysabjegt firm between 1986d
2003 (the visshock period), amdapped x Shock xyfihnidnteracts this with an indicator for Full Ethnic teams.
NonrEthniandMixed tearage indicators for patedistingno inventors wittChinese/Indian nans@ndfor patents
with some but not all Chinese/Indian inventdre omitted groufor column (1)s patents with any nen
Chinese/Indian inventark column 4the omitted group igatents by teant®emposeantirely of Chinese/Indian
inventorsControls includassigneage athetime of application, number of claims listed on thetpatbether the
patent had any new invent@gerag@rior cainventorcentrality, and average prior exposure to ethimgeatorsin
the base case, we use an OLS specififgitien that all odelsincludeassignee fixed effects, we use an xtreg
specification
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Table 4.Recombination probabilities over time

@) ) 3 4) 5) (6) (7 (8)
Dependent Recombined Recombined Recombine Recombined
variable: (non-ethnicinventor$ (mixed team) (ethnicinventor$

Time since hert  0.0053 0.0188 0.0033 0.0186 0.0029 -0.0027 -0.0009 0.0029
introduced (0.0012) (0.0031) (0.0011) (0.0029) (0.0007) (0.0020) (0.0002) (0.0008)

Time since herl -0.0004 -0.0005 0.0002 -0.0001

introduced (0.0001) (0.0001) (0.0001) (0.0000)

squared

Constant 0.1655 0.0893 0.2605 0.1737 -0.1348 -0.1033 0.0398 0.0188
(0.0210) (0.0229) (0.0167) (0.0208) (0.0125) (0.0137) (0.0043) (0.0057)

Herb FE Y Y Y Y Y Y Y Y

Patent Level Y Y Y Y Y Y Y Y

Controls

Observations 4849 4849 4849 4849 4849 4849 4849 4849

Adjustedr? 0.020 0.023 0.083 0.088 0.176 0.178 0.062 0.065

Notes:Standard erro@ppeain parentheses, clustered at the herb Eagh. observation is an hgrétent pair, for all

herbs and for all patents. For example, a patent with three herbs would count as three Wétahpe®ts58 patents
(notethatsample size for Table 2 is 758) and end up with 4848dtenbpairsThev ar i abl e O0Ti me since
i nt r o fhrac ledipatent pair is calculated by subtracting the ggiphcation year from the first year we observe

the focal herin any patentacross all patents. Our dependent variable mefsueash herdpatent pa, whether the

patent uses synthetic compouBg#stause evarerackingfor a giverherb, the likelihood of recombination over time,

we include herb fixed effects. We include pkeealt controls to control for patdetiel factors that may confound the
relationshipThemedian herb is7lyears old, suggestthgta median herb 2.4percertige pointsore likely to be

recombined than a newly introduced Ifiedm Column (2), 7¢0.0188- 17°2*00031=0.31960.1156-0.204.

38



The Ethnic Migrant Inventor EffecEortlicoming at Strategic Management Journal

200000
L

150000
1

Count

100000
|

50000
L

T T T T
1990 1995 2000 2005 2010
Year

| Visas Issued —®— Visa Cap |

Figure 1.H1B visa capver time

Notes Figure 1 plots the H1B visa eaml visa issuanagger time. The shaded area represenpetiedl duringvhich

the American Competitiveness in thre@dantury Act (AC21) waséffect In accordance with the AC&it, H1B visa
guotas wereaisedetween 1999 and 2003 &wleredstartingn 2004.The American Competitiveness and Workforce
Improvement Act (ACWIA) passed in 1998 increased the H1B visa cap from 65,000 to 115,000. The American
Competitiveness in the 2Century Act (AC21) passed in 2000 further increased the visa cap to 195,000. AC21 also
retroactively increased the 1999 and 2000 quotas above the 115,000 cap set by fhieefd@MBEAH1B visa

issuances in 192903 were 116,513 (1999), 133,290 (21043 (2001), 118,352 (2G0R) 107,196 (2003), all

greater than the pf®99 cap of 65,000isa issuances p&03 are above the visa cap, as AC21 created-the cap
exempt group.
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Figure 3.Estimated impact of visa shock on herbal patenticgpped versus exempt
firms inyears before, during, and after 188® shock
Notes:Standard erro@reclustered at the assignee |, fraded area represgthte periodduring which the visa
cap waraised byhe AC21Act. We estimatélp 0 G0 @& a@E _ 6 ORAQQB|] _ 60719 Q
where we include dummies formeagh firms %o, yearfixed effects , and all interactions betwagmar dummies and
cappedfirms.Figure Jlotsthe coefficientand confidence intervéts all interaction terms .
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level. Thex-axis plots the time since an herb was introdlibedlependent variable is whether an herb was used in a

patent for recombinaticat time t Recombination is measured at the patent level, and can be a recombination using a
syntletic compound, along with multiple herbs. Each point on thauserresponds tthe probabilityof being

recombinedby an ethnic groypfor a given herli years after its introduction (fgg O S B h

wherel 0 is the number of patents using herb h at time f, adis the number of recombined patdbisan

ethnic grouplising herb Jat time tThe solid linén panel (ajepresents recombinationdyy ethnic groy@and

thereforeésthe sum of all othemiésWe see that patents overall and patents b nioese/Indian teanexhibitan
invertedU-shapegattern with respect to recombinatiwababilitiesin panels (b) and (c)evestimaterainterrupted
regression with the break point determined by a ORobin
results for any recombination, and panel (c) plots the results for recombinationdiyefikihyic teams. An inverted
U-shapeelationship exists if the linear coefficient to the left of the breakpoint is positive and significant, and the linear
coefficient to the right of the breakpoint is negative and significant. While not shown here, recombiixatibn by m

teamds gradudy increamgover time.
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Section 1Generalizability

1.1Qualitative Case Studies Related to Phenomenon of Interest

Table Al.Qualitativ€ase studies

# | Qualitative Details of Migration Knowledge Being Transferred Across Subsequent Recombination of Knowledge
Example Borders

1 | Migration of | Huguenots (French Many Huguenots distinguished themselves| In one &ample, Huguenots transmitted knowledge
Huguenots to | Protestants) migrated tg skilled artisans and craftsmen, especially c| about silk production into Brandenb&missia
Brandenburg | BrandenburgPrussia workers, and bore specialized and "secret"| (Hornung 2014, 94). This stimulated a surge in the
Prussia (Northern German state| knowledge related to these crafts. One acc|{ planting and cultivation of one preexisting crop in

from 1685 till 1789. The
migration was motivateq
by religious persecution
in France and religious
protection policies in
Brandenburgrussia.

Oprovides a I|list of

Huguenots to Bramaburg, all of which were
previously unknown to the country, most of
them in the textile industries. One Huguendg
carried with him the secret of dyeing fabrics
a special way, another brought the art of

printing on cotton (Hornung 2014, 91, 93).

BrandenburdPrussia: mulberry plants. There was a
general impressi that silk worms cannot thrive in th
cold temperatures of the northern German states, §
as Prussia. To help overcome this, concurrent with
influx of Huguenot immigrants, rulers in the norther
German states began to promote the planting of
mulbery tree plantations in their territories, the cropg
which was used to feed silkworms. The historical

record notes that oit i
occupy themselvesd with
means of oO0adding tleof [ th
Brandenburdrussia, who had encouraged Huguen
i mmi gration, is noted t

mul berry trees in schogd
The resultant quality of silk in the northern German
countries has bblyevhite,amt €
finer than that in the southern countries (Scientific
American 1853).
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Qualitative
Example

Details of Migration

Knowledge Being Transferred Across
Borders

Subsequent Recombination of Knowledge

2 | Migration of
Soviet
mathematician
to the United
States

Mathematicians from th
Soviet Union migrated t
the United States
between 1990 and 200(
after the fall of the Sovig
Union. In 1992, the
Soviet Scientists
Immigration Act was
passed into law in the
United States, which
allocated visae be given
to Soviet Scientists to
immigrate to the U.S. As
Ganguli (2015) states,
estimates from the 200(
Census suggest that clg
to 10,000 Russian
scientists and engineers
across many science ar
technology fields
immigrated to the Uniteq
States in th#990s.

During the Soviet era, Soviet mathematicia
worked in mathematical knowledgeftlds
that differed from those Americans worked
(Borjas and Doran 20129% Borjas and
Doran (2012) show that Russian
mathematicians were ahead of the weislds
like partial differential equations and sympl
topology. Such knowledge was also argual
ante Ol ockedd withi
to the migration of Soviet scientists to the
United States. Borjas and Doran (2012) ou
two reasons fovhy such knowledge was
locked within the Soviet context. First of all
Abramitzky and Sin (2011) report, the
translation rate of hastience Eastern

Bloc books into English was extremely low
Secondly, Borjas and Doran (2012) cite
examples frormybulewicz (1970) to state th
even if translations of Soviet academic wor
were available, the knowledge was often n
transferred to American academics, becaus
they did not read the translations of Soviet
scientific work.

An influx of Soviet mathemeitins (roughly 300 durin
the 1990s) immigrated to the U.S. after the Soviet
regime waned and collapsed in the early 1990s (B¢
2014, 183). While they competed with American
mathematicians for jobs and publication space in
journals, they also collabedtind helped American
mathematicians solve formerly intractable problem
(Borjas and Doran 2012, 26, 11). One study cited 1
coverage from the time (from the New York Times)
which described how 0] A
Diaconis said he recentlyeskSoviet mathematician
Dr. Reshetikhin for help with a problem that had
stumped him for 20 year
America who had any cha
a problem . . . No one could help. But . . . Soviet
scientists had doneatcof wor k on su
was a whole new worl d |
said. O6Together, we'l/
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Qualitative Details of Migration Knowledge Being Transferred Across Subsequent Recombination oKnowledge
Example Borders
Migration of | Belfanti (2004) While artisans froienice possessed deep | While the Venetian Republic used patents to attrac

skilled artisang
from Florence
to Venice
(driven by
patent laws)
and the
influence of
such migration
on Silk Dyeing
in Venice

documents an interestin
case study where
migration of skilled
artisans in Italy betwee
the sixteenth and
eighteenth century was
driven by patent laws.

As Belfanti (2004)
documents, the city
council and princes of
Italian Republics such a
the Venetian Republic
used the attractiveness
assigning monopoly
rights to intellectual
propertythrough patents
to attract skilled migrant
workers from other
regions, such as Floren
An interesting example
related to this
phenomenon dates bac
to the eighteenth centur|
when skilled silk dyers
migrated from Florence

to Venice.

knowledge in making Brocade, they lacked
knowledge in the area of silk dyeing. To
transfer knowledge related to silk dyeing fr(
Florence to Venice, as Belfanti (2004)
documents, at the beginning of the eightee
century, emissarieEVenice traveled to
Florence to recruit silk dy@ran effort that
succeeded in convincing dyers such as Co
Scatini, to migrate to Venice. Scatini was a
Florentine dyer who knew the secret of dye
silk black. Between 1727 and 1732 the
Venetians aldwice tried to bring experts in
the making of silk veils from Bologna.

To attract migrant artisans who possessed
specialized knowledge to migrate to Venice
Venetian Republic awarded them with pate
Cosmo Scatini, the migrant from Florence,
awaded with a patent for skill dyeing. Anoth
migrant artisan craftsman who introduced t
weaving of silk stockings on a frame was
rewarded with a patent and ayear
monopoly.

skilled migrants froalorence and elsewhere, there
also a strong guild of local artisans in Venice, and 1
incentives of local artisans were geared towards w
on the patented technology, at the end of the pater
term.

While the patents awarded to skilled migrant artisa
granted them monopoly rights for a period of time,
the end of the fixed monopoly term, the migrant
artisans were required to share their knowledge wi
local guild of artisans. As Belfanti (28843, the
Florentine artisan Cosmo Scatini, who obtained a [
for silk dyeing, applise
once his privilege ran out, promising to teach the
Venetian craftsmen the process. This transfer of
knowledge often led to knodtge recombination.

An example of such knowledge recombination rela
dyeing Black silks in Venice. Black was a symbol g
superiority in Venice in the lat¢h téntury (Bervegliar
1983, 176). When Cosmo Scatini transferred his sg
knowledge of bkk silk dyeing to Venetians at the el
of his patent term, the dyeing techniques changed
Venice and they were able to produce black silks
(Bervegliari 1983, 176).
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# | Qualitative
Example

Details of Migration

Knowledge Being Transferred Across
Borders

Subsequent Recombination of Knowledge

4 | Migration of
[talians to
United States

As Choate (2008)
documents, between
1880 and 1924, more
than four million Italians
immigrated to the Uniteq
States, half of them
between 1900 and 191(
aloné the majority
fleeirg grinding rural
poverty in Southern Italy
and Sicily. In the period
1880 to 1915, total Italig
emigration has been
estimated at 13 million,
making it the largest
emigration from any
country in recorded
history.

Natives of Campania and Sicily nurtured a
cuisine of the tomato, onion, oil, cheese, ar
garlic. As Levenstein (1985) documents, th
preparation and consumption of food was
central to Italian family life. Italian women ir
particular "retained" knowledge about
"communityborne recipes and instrocis in
cooking." (Levenstein 1985, 76, 80).
Knowledge aboutowo cook with key
ingredients such as these was tacit knowle
possessed by families, and was transferred
the United States by the migrants.

Italians in America resisted assimilatiornergl, and
in particular resisted "Americanizing" their own coo
habits. A type of distinctive Italian cuisine in Amerig
thus took hold and key dishes became popular in
American households after World War I. To bring b
Italian dishes and cookingtimods to American
households, such as "spaghetti in tomato sauce,"
such as Campbell's and Heinz marketedssablé
versions (Levenstein 1985819 86). In doing so, the
applied their own knowledge of processing and
packaging food to traditiainitalian recipes. As
Levenstein (1985) documents, this recombination i
stark contrast to the negative perception towards
ingredients such as tomatoes, traditionally harbore
American society. In the late 1880s, prior to the
migration from Campaniéne scientific community in
the United States held a belief that tomatoes were
carcinogenic, and were generally harmful due to th
presence of oOoxalic aci
transfer of knowledge related to Italian ingredients
the United Sttes and the subsequent recombinatior
such knowledge went a long way to allay prior scie
obeliefsao.
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# | Qualitative Details of Migration Knowledge Being Transferred Across Subsequent Recombination of Knowledge
Example Borders
5 | Ethnic The New York garment| Till the late 1800s, different ethnigiti Among other scholars, Rantisi (2002) documents

migrants and
their influence
on the garmen
industry in
New York

industry has been shap:t
by waves of ethnic
migrants from Germany
Ireland, Russia (Russial
Jews), Italy, China, and
Puerto Rico.

migrating to New York transferred knowled
of their distinctive sartorial designs to their
region. As Bagger (1871) states, in the mid
1800s in New Yor k,
could be determined by how he or she dreg
To quotetheauthpr 01t i s cu
heterogeneous crowd land. The Swedes al
usually distinguished by their tanieather
breeches and waistcoats, and their peculia
before mentioned exhalations; you can not
the Irishman with his napless hat, worn cos
and corduroy trousers; the Englishman you
know by his Scotch cap, clay pipe, and pafg

coll ar 6.

subsequent recombination of knowledge transferre|
ethnic migrants, in the context of the New York
garment ditrict. The garment district in New York w
a giant melting pot for ethnicities to work together &
for knowledge recombination. As Rantisi (2002) stg
while the origins of the New York garment industry
be traced to German Jews, migration chitsilin the
1880s and Russian Jews later led to knowledge
recombination. In an online article, Dzvinka
Stefanyshyn provides examples of ethnic migrant
influence on knowledge transfer and knowledge
recombination. To quot g
and Jerish immigrants dominated clothing
manufacturing businesses, certain aspects of style
altered. Up until the 1900s, women wore-figinty
clothing, which included uncomfortable corsets ang
long, extravagant dresses. Turning away from that
fashion, he workers focused on creating clothing th
was much simpler and comfortable. This resulted i
introduction of much looser, natudaither woolen or
linendc | ot hi ngé.
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# | Qualitative Details of Migration Knowledge Being TransferredAcross Subsequent Recombination of Knowledge
Example Borders

6 | Migrants from | Temporary migration In 1607 Vittorio Zonca published in Padua | When Lombe returned from Italy to Britain, he broy
England to from England to Italy by Nuovo Teatro di Machine et &ehficibing a | with him firsthand know how of using of silk machir
Italy (the silk | migrants such as John | machine to throw silk by water power. Whil| and workers who could help sptthe factories
machines Lombe in 1607, this book was available in the UK, providin¢ (Calladine 1993) to create British silk machines.
example) presumably for the knowwhy, it was only after a temporary
transferring knowledge | migrant, John Lombe trded to Italy and
rel at ed wion | spent2years learning the kioow, the
knowledge of silk throwing transferred to th
UK (Cipolla 1972).
1607 Vittorio Zonca published in Padua h
Nuovo Teatro di Machine et \EHiéihii
included, among numogls engravings of
various machines, the description of an
intricate machine for throwing silk by water
power in a | arge fa
description by Zonca, the details of the mill
were still considered state secret and
Piedmontese laws redgd 'the disclosing or
attempting to discover' anything relating to
making of the engines a crime punishable |
death. The Piedmontese were no fools. G.
Clark has pointed out that a copy of the firs|
edition of Zonca's book had been on the o[
acess helves of the Bodleian Library from {
least as early as 1620. Yet the English
succeeded in building a mill for the throwin
silk only after John Lombe, during two year
industrial espionage in Italy, found means
see this engine so often thatmade himself
master of the whole invention and of all the|
di fferent parts and
page 47)
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# | Qualitative

Details of Migration

Knowledge Being Transferred Across

Subsequent Recombination of Knowledge

Example Borders

7 | Italian As Castles (1992) Genovesi (2000) documents the transfer off Over time, Italian food (and fashion) has experienc
migrants in documents, mass knowledge related to food and fashion by | recombination in Australia. An example relates to t
Australia migration from ltaly to | Italian migrants in Australia. Goote the dish, Chicken Parmigiana. One account describes

Australia happened
between 1950970;
between 1951961,
18,000 new migrants
arrived every year.

aut hor , 00One needs
migrants needed particular foods for the
practicing of social events, cultural and cat
religious rituals. For example, sugar almon
were needed for the rituals of the sacramer
dried fishfoGood Fri day, 0
(chestnuts) Christmas sweets, essence for
alcohol such as wine and grappa. Amongst
Italians, there was little tolerance for muttof
fish and chi ps, or
also documents transfer of knowledgesac
border s. To quot e,
felt the need to expand on the availability
of vegetables and fruits and took matters ir
their own handsé. . T
them skills to make pasta, breads, sauces,
preserves, cheeses, wines arldgaarsages. |
addition, as the immigrants arrived, so did
particular foods, seeds, kernels and cutting
mostly as contraband. In my conversations
within the Italian community, it has been stz
that these items were hidden in suitcases,
linings,pco ket s and under
2000; page 8).

di sh as O0An 1 tal i anliampab
classic, the parmigiana started as an eggplant dish
and has since evolved into a chicken schnitzel topy
with an Italiasinspired tomato sauce and melted
cheese. 6 (source:
http://www.cnn.com/travel/article/australian
food/index.htm). Another source describes how the
original recombination was within the Italian migran
communities in the United States and then the
recombined dish became popular within Italignamts
in Australia. To quot e,
origins in the United States, where it was populariz
among ltalialAmerican communities. Italian
immigrants created the meal, which quickly becam
conceived as an authentically Italian disho$e, it
does take its inspiration from Italy. Eggplant
Parmigiana, or Mellenzana alla Parmigiana, is the
original Italian recipe. Eggplants are lightly breade
fried, topped with fresh tomato sauce and Parmesa
cheese, and then baked. The switch tkerhio the
United States might have been due to several rdas
Italian restaurant owners saw the American prefere
for meat over eggplant, Italian immigrant workers W
able to afford meat now that they had higher payin
jobs, or eggplants justwdfen as Cc 0o mmo 1
the United States. o6 (sq
https://www.montebene.com/blogs/bleg
posts/5899846ihe storybehindthe-staplechicke-

parmigiang
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Qualitative
Example

Details of Migration

Knowledge Being Transferred Across
Borders

Subsequent Recombination of Knowledge

8 | Migration of
Indians to
South Africa
and East Africg
and the impact
of such
migration on
the transfer or
accounting
practices
across borderg

Indian merchants from
Gujarat migrated to
Natal, South Africa and
to Kenya between 1875
and 1910 in search of
better economic
opportunities. This
example documents the
transfer of knowledge
related to accounting
practice from their home
region to their host
region, and subsequent
recombination of such
knowledge at their host
region.

The migrants transferred knowledge relate
an accounting pract
Guijarat, India to Africa. A Hundi is most oft
trans|l ated as a obill
opromi ssory note. 6
system and a remittance system, and histo
has been linked to the Indian merchant
community conducting trade in the Indian
Ocean region. The bookkeeping system
assodited with the hundi exchange is know
hundi khata system which emphasizes
Odoewelter yé6 accountin
from the traditiona
system (Nigam 1986, 148, 156).

The knowledge of this accounting practice
locked with the Gujarat region of India,
because it was documented in vernacular t
The British Museum has referenced an
autobiographical poem published in the 171
century by the Guijarati (Jain) poet and
businessman Banarasidas as containing of
the earliedtnown references to hundi and
Martine (2009) documents that the account
practice was used exclusively within Gujarg
because the creditors used the local verna
language to write the promissory note.

Post the migration of Gujarati traders tocafrihe
hundi system flourished in East Africa. European b
in the region also began to encourage the use of th
"overdraft" as a medium for credit lending to "relial
customers. The combination of the hundi and over
systems contributed to thevdlpment of a loosely
defined "chit" system in East Africa, as distinct fron
lending and accounting conventions popular in Eng
at the time (Gregory 1993, 103). Prior research hag
documented that this recombined system allowed
individuals to write chles or withdraw currency well
beyond the amounts of their deposits on the
understanding that, when able, they would make u
difference and pay a small interest on the overdraft
Gregory (1993) states, East Africa as early as 1901
becomingknowas &6t he | and of
English fvobefdi nedidd 0a
s ma |l If itsel drigindted from Hindi and Urdu,
languages in Northern India (See Meriébster,
O0Chit, 6 accessed Septern
https://www.merriaravebster.com/dictionary/chit.)
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Qualitative
Example

Details of Migration

Knowledge Being Transferred Across
Borders

Subsequent Recombination of Knowledge

9 | Migration of
Chineeto the
United States
and the
creation of
OAmer i ¢
Chi nese€

Chinesenigrants moved
to the US because of th
California Gold Rush in
the 1850s. The early
Chinese migrants were
Cantonese from
Guangdong area who
entered primarily throug
port of San Francisco
(sourceThe Search for
General Tso).

The Chinese Exclusion
Act was signed in882,
blocking Chinese
immigration and
naturalization, which leg
to attacks and threats o
those already living in th
US (Coe 2009). Chines:t
settlers began to move
out of California and
spread across the US td
escape persecution and
search foemployment
opportunities.

The documentary film The Search of Gene
Tso documents the transfer of knowledge
related to food from China to the U.S. Whe
Chinese migrants first arrived to the U.S.,
Americans were both fascinated and repuls
by their fad.

After the signing of thE882 Chinese
Exclusion Actmany Chinese migrants were
forced out of laboand had to be self
employed, occupying two main industries:
laundry and foo(sourceThe Search for
General TsolChinese migrants began open
restwurants across the US.

General Tsods chick
popular Chinese food dish in America, was
brought to the U.S. from Taiwan, where for
Hunan chef Peng Chakgei had fled after th
Communist Revolution of 1949 (Bateman

2016). It was therthat he created General

Tsods chicken, i nsp
Hunan palate. Peng moved to New York C
in 1973 and some believe he brought Geng
Tsods chicken with
also argued that chefs from New York visitg
Tawanad brought Pengi
prior to his move to the U.S.

Following the 1882 Chinese Exclusion@at,e s t &
work was one of the few jobs that the Chinese cou
find, and Chinese restaurant owners discovered th
they adapted simple disheéoerican taste, déihthey
could make monéysourceThe Search for General
Tso).According to the film, chefs beganharge
menus based on demand, and ultimadelped their
food to gppeal to white audiences

By 1900, t hobhoppuadp uhbeadr di
created, combinir@\mericanized meats afdoti®
flavorless vegetahle a ixet manu of American
food and Chinese American fdmtame national
phenonenon(sourceThe Search for General Tso).

In 1940, @widLeongmoved to Springfield, Missouri
and created cashew chicken to appeal to the local
popul ation, frying the
in the south loved fried chicken. Fortune cookies w
also invented in the US in the 1940s, unique to
American Chinesmiisine. Different regions adapted
Chinese food to fit the local demand.dnisiana, they
serveChinesgumbo with Bigatormeat.

Generalsds Chi cken became

phenomenon in the 1970s wheigielTongand chef
T. T. Wang opened the ShurelPalace in NY. Wang
takes credit for inventing the dish, but he was actus
inspired by Peng Chakguei s i nvent
added more sugar becawusthoughtthe American

palate was sweeter thaChinesgsourceThe Search
for General Tso).
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1.2 Links to Traditional Scientific Research

We document the extent of herbal ingredients in théifscigarature. Using our list of herbs, we

search for scientific articles listed on PubMed containing any of our herbs as dietary supplements.
Towards this, we utilized the PubMed Dietary Supplements Subset. The PubMed Dietary
Supplements Subset allows rekess to retrieve dietary supplement related citations on topics
such as traditional Chinese medicine and herbal medicine, among other topics. Queries of herbal
ingredients will return dietary supplement related articles on PubMed that contain the queried

ingredients. Searches using our herbs resulted in 658,488 articles on PubMed, published in 11,974
unique scientific journals.

All PubMed Articles Using Herbs Articles in Science, Nature, NEJM, JAMA using Herbs
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Figure AL Articles in scientific research using herbaFsegubecieptsts of scientific articles on PubMed
over time. We see a general increase in articles using herbal supplements over time. Restricting the subset to
the most impactful journals also show a general increase in herbal research.
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Table A2. NBO Company Shares of Herbal/Traditional Products: %20akie 2012

% retail value rsp 2012 2013 2014 2015 2016
Mondelez International Inc 7.8 7.8 7.7 7.4 6.9
Procter & Gamble Co, The 3.4 3.0 3.1 3.0 2.9
Ricola Inc 2.7 2.9 2.9 3.0 2.9
GSK Consumer Healthcare - - - 1.3 15
Prestige Brands Inc 1.3 1.3 1.3 1.3 1.3
McNeil Consumer & Specialty Pharmaceuticals 1.3 1.2 11 1.0 1.0
NBTY Inc 1.0 1.0 0.9 0.9 0.8
NFI Consumer Products 0.2 0.3 0.5 0.7 0.8
Herbalife International Inc 0.8 0.9 0.8 0.8 0.8
General Nutrition Centers Inc 0.8 0.8 0.8 0.8 0.7
Forever Living Products LLC 0.8 0.8 0.8 0.7 0.7
Korea Ginseng Corp 0.4 0.4 0.5 0.6 0.7
Haw Par Healthcare Ltd 0.5 0.5 0.5 0.6 0.6
CNS Inc 0.9 0.7 0.7 0.6 0.6
Amway Corp 0.6 0.6 0.6 0.6 0.6
Nature's Way Products Inc 0.4 0.5 0.5 0.5 0.5
Performance Health Inc 0.4 0.4 0.5 0.5 0.5
Chattem Inc 0.6 0.5 0.5 0.4 0.4
Perfecta Products Inc 0.2 0.3 0.3 0.4 0.4
Nutraceutical International Corp 0.3 0.3 0.3 0.4 0.4
Wakunag&harmaceutical Co Ltd 0.4 0.4 0.4 0.4 0.3
Lily of the Desert Organic Aloeceuticals 0.3 0.3 0.3 0.3 0.3
Nature's Sunshine Products Inc 0.3 0.3 0.3 0.3 0.3
Troy Healthcare LLC 0.3 0.3 0.2 0.2 0.2
Pfizer Consumer Healthcare Inc 0.3 0.2 0.2 0.2 0.2
Concepts in Health 0.5 0.4 0.3 0.3 0.2
Windmill Health Products 0.2 0.2 0.2 0.2 0.2
DSE Healthcare Solutions LLC - 0.2 0.2 0.2 0.2
Alan James Group LLC 0.2 0.2 0.2 0.2 0.1
Smith Bros Co, The 0.1 0.1 0.1 0.1 0.1
Novartis Corp 0.7 0.5 1.0

WEF Young Inc 0.2 - - - -
Other Private Label 0.6 0.6 0.6 0.5 0.5
Others 71.5 72.0 71.5 71.8 72.4
Total 100.0 100.0 100.0 100.0 100.0

Source: Euromonitor International from official statistics, trade associations, trade press, company resfeackh, stufe interviews, trade sources

Section 2. Validity of the visa shock

2.1 Labor Condition Applications

One concern is that the-#B visas were targeted towards large IT companies, and firms
writing herbal patents would rfive beemffected by the visa shock. While we are not able to
observe the number of-1B visa grants at the firm level, we can observe the number of Labor
Condition Applications (LCAs), a prerequisite dfBHvisas, applied for by each fitm.this
section, wargue that herbal patent assignees benefit more #nvidas than the average firm
does. Back of the envelope calculations show that the visa shock allowed them to hire 424
Chinese/Indiansstead of the 141 under stricter immigration laws, and ledddié8nal patents.
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These numbers are consistent with the patenting and hiring rates of Amgen, suggesting our
calculations are plausible.

The Foreign Labor Certification Data Center provides historical data on LCAs issued since
2000.We take all 633 heflyzatent assignees located in the US that filed for herbal patents, and
match them to a list of entities that filed LCAs between 2000 andt@8li6cludes all U.S. based
assignees active during the visa shock period who have filed a herbal patentcasesothe
herbal patents filed may not have been granted. In fact, the sample size drops to 401 assignees if we
consider only assignees who have been granted a herbalUsatigna fuzzy string matching
algorithm, we calculate all pairwise strindpsityiscores between patent assignees and LCA filing
entities, and manually inspect matches to create a cutoff score above which we will consider entities
to be a match(In the following discussion, we use a score of 93 as the cutoff, but the results are
similr to using cutoffs of 94 or 95).

We nextshow ferbal patent assigndés more LCAs than other firms on average, and thus
are likely to have more H1B hires than the averag&\femsehe matched samplfeom above
and plotthe quantileguantile plot of total LCAs filed by our assignees and all othefHigone
A2). The quantilkguantile plot does not follow the 45 degree line, implying the two distributions are
different. Furthermore, we see the number of LCAs filedrbglipatent assignees is left skewed,
suggesting that herbal assignees are more likely to hire more people through the H1B visas than
other firms filing LCAs. fest results show that herbal assignees file for 146.7 moret-LCAs (
statistic 4.81) than othfems, further showing herbal patent assignees are a major beneficiary of the
H-1B visas.

Going forth, ve make three assumptions that will allow us to measure the relationship
between hiring ethnic migrants and patenting. First, we assume LCA filiegtetbassignees are
directly correlated with their H1B grants, and because 0.1666% of LCA filings are by treated
assignees, they will collect 0.1666% of the H1B visas. Second, we assume that 40% of H1B visa
grants during 1998003 go to inventors with @Rse/Indian nationiéiles Our third assumption is
that we can estimate the number of patents granted to treated firms during the shock period by
predicting counterfactuals using our diffeean difference specification

Our cdculations suggest thdpting of the visa cap allowed firms to hire 283 more
Chinese/lndian inventors, in addition to the 141 they would have hired under stricter immigration
laws.We arrive at this conclusion as follolwse total number of LCAs filed between 2001 and
2016is 25,128,680, and the number of LCAs filed by capped herbal patent asdity®&s his
shows thatcapped herbal patent assignees file 0.1666% of all IE@Apped herbal patent
assignees securedlB visas in the same proportion as the filed L@&ssuggests that of the
636,994 HLB visas issued during the visa shock period;20099 our firms would have used
around 1,061. If the fraction of Chinese/Indian inventors is arouritl(d@%ssumption borrowed
from a report filed by the Center of Imraigyn Studies or ClSherbal patent assignees would
have hired 424 new Chinese/Indian invefftdR®ughly two thirds, or 283 inventors, would not
have been available for hire under the stricter visa regulations.

We next show around.4Bpercent of thes@ventors are granted pateatsdthislead to
roughly 68 new patengsr 0.16@ patentper Chinese/lIndian H1B hirePpuring the visa shock
period, we observé4 new Chinese/Indian inventor names in our patent slaggesting about
17.45 percent of newires file and are granted pategmie get this by dividing the 74 new

28 CIS documents show that in 2005, the fraction of Chinese/Indi&bdneficiaries was less than 45%:
https://www.cis.org/Report/Wagell1B-ComputesProgrammers

29\We only observe new inventors for granted patents, and around 63% of assignees that file herbal patents are granted
one.
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Chinese/lndian names that we observe in the patent records, by the total of 424 new
Chinese/lndian inventors that we estimate were hired urtigraitithe capped firma)/e further
calalate a rough estimate of the number of additional herbal patents filed by predicting patent
counts with our fitted regression models.,Msbbtain predicted patent counts by plugging in our
data into the model with time and assignee fixed effeatar{cblof Table 2) and exponentiating
the results. After obtaining the predicted patent counts, we predict a counterfactual log patent count
by setting the coefficient on the interaction to zero, again plugging in our data and exponentiating,
and take theifference of the two predictions. Summing up the differences, we see that the visa
shock generated an additional 68.@htor 0.1605 patents per Chinese/Indian H1B hire.

Finally, we show thalhe estimates above aligith a welknown pharmaceuticdl i r md s
H1B hiring and patenting activities. We are able to observe H1B hires and paté&mtiggnfan
2015° In 2015, they filed for 420 LEABO of which led to H1B vis&s addition, becaus0%
(note that the percentage of H1Bs granted to Chinesaftnohcreases in 2015 compared to the
2005 fraction according to the USCIS repoft§)1Bs were granted to Chinese/Indian2015
around64 of these hires would lighinese/Indian nationalg/e calculate the number of herbal
patents by Chinese/Indiaby counting the number of herbal patents by Amgen in 2015 in our
data. V¢ observe Amgen filed 71 herbal patents that year, 9 of which were granted. This suggests
that 1 additional Chinese/Indian inventor amount®.1906 herbal patent grangs) estimate
similarto the0.1605 obtained above.

Thus, our back of the envelope calculations suggests that an increase in the visa cap led to
424 new hires of Chinese/lndian ethnicity by herbal patent assignees, 74 of which (around 17.45
percent) were granted a paturing the same period. Hiring these inventors led to an increase of
68 herbal patents for our assignesng patterns and patenting patterns of a large firm are
consistent with our calculations, adding to the credibility of our methods.

Quantile-Quantile Plot (log(1+LCA count))

* *

*
P Y
r

Herbal patent assignees

0 2 4 ] a
Other firms

Figure A2. QuantileQuantile plot of herbal patent assignees and all other organizations that filed
for an LCA

3thttps://www.uscis.gov/sites/default/files/USCIS/Resources/Reports%20and%20Studies/Immigration%20Forms%2
OData/BAHA/h-1b-2015employers.pdf
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2.2 Visa shock increased Chinese/Indian inventor hiring
We further test whether the visa shock increased the likelihood of hiring new
Chinese/Indian inveors. Towards this, we estimate the following regression equation
POQ CR®M®D | [ 60NAYU YR 1 60 MR % _ -

Our main dependent variable is an indicator variable for whether firm j hired any Chinese/Indian
inventors at time t. We present the results in A&ble

Table A3. Effect of visa shock on hiring Chinese/Indian inventors

(1) (2) 3) (4)

Dep Var:1(Hired Chinese/Indian inventor)

Capped x Shock 0.02 0.02 0.02 0.02
(0.01) (0.01) (0.01) (0.01)
Capped -0.00 0.00 -0.00
(0.00) (0.00) (0.00)
Shock 0.01 0.01
(0.01) (0.01)
Constant 0.01 -0.00 -0.02 -0.06
(0.00) (0.00) (0.00) (0.00)
Controls N Y Y Y
Time FE N N Y Y
Firm FE N N N Y
Observations 8998 8998 8998 8998
AdjustedrR? 0.005 0.039 0.041 0.021

Note: Standard erroia parentheseslustered at the assignee level. Observations at the -gesiglee!, foall years

an assignee (firm or University) was in operation. We use the tsfill command in Stata to fill in missyeguapaignee
Dependent variable is an indicator for whether the firm hires a Chinese or Indian inventor in a year. Contnels include t
fraction of Chinese/Indian inventors, firm age, inventor count, and total number of Chinese and Indianpinventors.
values for the interaction term (row 1) across columns are 0.030, 0.045, 0.027, and 0.028 respectively.

In the baseline specificatiore see that firms subject to the visa cap increased hiring of
Chinese/indian inventors by 1.81 percent, compared to exempt firms-vahe fpor this
coefficient is 0.03, again suggesting that these effect sizes are highly unlikely under the null
hypothes of no effect. Compared to the baseline likelihood 1.06 percent of hiring a
Chinese/Indian inventor, we see the visa shock increased the likelihood of hiring a Chinese/Indian
inventor by 171 percent. The effect size is similar after including conturish (2 time fixed
effects (Column 3), and firm fixed effects (Column 4). -Vatue for our final result is 0.028, and
the coefficient suggests that treatment increased the likelihood of hiring a Chinese/Indian inventor
by 187 percent compared to thedbae. Interestingly, we do not see large differences in the time
invariant likelihood of hiring Chinese/Indian inventors across capped and exempt firms, nor in the
time effect (second and third rows respectively).

We repeat the ledaly analysis as &g and plot the resulting coefficients in Figike A
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Again, the 95% confidence intervals always include zero before the shock, suggesting that there are
no pretrends. Here we see the effect of the visa shock on hiring over time as well. While in 1999
and2000 the confidence intervals do not include zero, from 2001 onwards we fail to reject a null
effect. This echoes the fact that the visa quota was met in 1999 and 2000, but #&08'2001

Marginal effect of treatment on hiring Chinese/Indians

1990 1995 2000 2005 2010
|o IMarginal effect on Capped 95% ClI |

Figure A3. Leads and lags for DD specificationdbmieisendians

Section 3. Ethnic inventors bring in new knowledge

In this section, we test whether new inventors, and in particular new ethnic inventors, are
more likely to introduce knowledge that was previously geographically locked. One implication of
knowledge that is previously locked is that it would be less familiar in the US context, in our case
measured by whether a patentds herbs are new,
Ngrams). Then, a testable hypothesis is whether nexolisyen particular new Chinese/Indian
inventors, are more likely to introduce herbs that are less familiar in the US context. We test this
hypothesis by estimating the following regression equation using ordinary least squares:

I mper nd goks og»

o d gop «f-Eeip me g

We use two measurements for@@ JO'Qd variable. In the first case, it is an indicator
for whether paterifintroduces a new herb at tiheln the second case, it measures the log
frequency (as measured by Googigadins) of the newly introduced herb used in pRamplied
for by firm’at timed. 0 QJO¢ U Q¢ @ &n indicator for wheth@atentOncludes a firdime
inventor, and) QO "OG¢ U ‘Q¢ dséan indicator for whether paté&ncludes a firdime
inventor who also has a Chinese or Indian ndrednclude firm fixed effeéts, and time fixed
effects_ to control for firm level unobservables that may affect the types of herbs being used on a
patent. The coefficieht captures the change in probability of introducing an herb (and its
familiarity) associated with the inclusion of a new inverddheanoefficierit measures a similar

31 https://redbus2us.com/hlbvisacapreachdateshistory-graphsuscisdata/
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change when the new inventor is a Chinese or Indian. In palticoségtures the incremental
effect of a new inventor being of Chinese/Indian descent on the familiarity of the herb.

We present our results oftiesting equation (6) in Tablet.An columns (), our
dependent variable is the likelihood of introducing a new herb. Compared to the baseline probability
of introducing a new herb (17.41 percent), we see that patents with new inventors are associated
with a 15 percentage point increase in the probability of introducing a new patent (celumn 1, t
statistic = 3.57). Furthermore, in Column 2, an addition of a new Chinese/Indian inventor is
associated with another 15.3 percentage point increase inhibedikdlintroducing a new herb
(p-value 0.041). ColumngtZ3how whether the herbs being introduced by these inventors is more
or less familiar. In our sample, herbs have an average log frequé6dy3ofvith a standard
deviation of 2.369. Again, we Hest herbs used by new Chinese/Indian inventors are 2.28 log
frequencies less similar in addition to the 2.24 by new inventors, almost two standard deviations less
familiar than the average herb. An equivalent change in terms of herb names woulddietfrom ba
11.897) to poria (a type of Chinese mushrddr§35), or from buckwheat4.257) to Picrorhiza
(a Himalayan herkl 9.07Q)While this relationship is by no means causal, there is indeed a strong
association between new inventors, especiallythmgvieventors, with filing new and unfamiliar
herbs.

Table A4. New Chinese/Indian inventors use less familiar herbs

(1) (2) 3) (4)
Dep Var: Pr(Introduce new herb) Log frequency of new herb
New inventor 0.150 0.122 -2.666 -2.244
(0.042) (0.044) (0.737) (0.776)
New ethnic inventor 0.153 -2.286
(0.075) (1.147)
Controls
Number of claims 0.004 0.004 -0.051 -0.051
(0.002) (0.002) (0.029) (0.029)
Has Chinese/Indian 0.037 -0.041 -0.720 0.455
(0.120) (0.111) (1.985) (1.824)
Inventor count 0.027 0.028 -0.263 -0.274
(0.012) (0.0112) (0.158) (0.147)
Chinese/Indian count -0.030 -0.050 0.479 0.785
(0.078) (0.077) (2.277) (1.278)
Number of herbs 0.000 0.000 0.014 0.013
(0.003) (0.003) (0.026) (0.026)
Constant 0.023 0.151 -1.255 -3.174
(0.095) (0.116) (1.701) (1.999)
Assignee FE Y Y Y Y
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Year FE Y Y Y Y
Observations 758 758 758 758
Adjustedr? 0.162 0.170 0.148 0.155

Note: Results of estimating equation (6) using OLS. Standard errors in parentheses, clustered at the assignee level.

Section 4. Firm implications

We next provide suggestive evidence regarding the value of herbal patents by first generation
ethnic migraniventors (as measured by citations). In our context, the value will depend on the
gual ity of the knowledge that was previously
and on the host countryds f i ivensifilarsabcessto éthnict o c
migrant inventors, firms that are quicker to codify the new knowledge ethnic migrants carry will
benefit more. |l deally, we would test this by
knowledge by ethnic migrar@81ce we are not able to do so, we provide correlational evidence that
among firms hiring new ethnic inventors (capped firms), firms that are quicker to patent new herbal
knowledge will accrue more citations. We test this by comparing the numbenseftoifaditents
with new herbs by capped firms to those without.

Below, we present a table showing that patents filed by capped firms during the visa shock
period accrue more citations if they include new herbs. We see that patents with new herbs filed by
capped firms during the shock period had more citations than any other group. This suggests that
when firms have expanded access to ethnic migrant inventors (capped firms during the visa shock
period), they are able to generate more valuable patentsdogiimgrnew herbs.

Table A5. Average citations per patents with new herbs and without

Patent has no new herb Patent has new herb
Non-shock perioc Shock perioc Non-shock perioc Shock perioc
Exempt 8.89 12.05 5.67 7.00
Capped 14.27 15.98 8.99 16.31

NoteShock period denotes years between @R

We formalize this notion, and estimate the following regression using ordinary least squares:
1T 6 QOGO ES ] SO MR §'QuARNI T 0 Q0 AR
FEOnRAYE R r 6ONR QW QAR YRR 0Q0TARI _ % -

The coefficient of interest iswhich denotes the marginal percent increase in citations
when a new herb is included on an herbal patest,tiva visa cap is relaxed. We include all
interactions between our three indicator vari@agpe&hockandNewHerbNe control for year
fixed effects and assignee fixed effects, and @appeahdShockre dropped. We present
estimation resultelow.

We see that having a new herb on a patent is correlata@lyercent increase citation
counts. This suggests that within patents filed by capped firms (who could hire more ethnic migrant
inventors), the ones that introduced new herbs turned out to be more valuable. We are careful not to
attach a causal interpretation to thissorea For instance, inventor ability may be driving both
citation counts and using new herbs, and our results are reflecting better screening abilities of firms.

Table A6. Effect of visa shock on herbeitaioeist

(1) 2) ()
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Model: oLS Poisson
Dependent Variable: Log(1+citations) Log(1+Citations) Citations
Capped x Shock x NewHerb 0.617 0.651 0.638
(0.379) (0.365) (0.338)
NewHerb x Post -0.166 -0.190 -0.039
(0.310) (0.301) (0.208)
NewHerb x Capped -0.513 -0.495 -0.597
(0.200) (0.187) (0.346)
Capped x Post -0.313 -0.349 -1.035
(0.334) (0.336) (0.734)
Constant 1.884 1.782
(0.293) (0.304)
Year FE Y Y Y
Assignee FE Y Y Y
Controls N Y Y
Observations 758 758 497
AdjustedrR? 0.127 0.126 -

Standard errors in parentheses, clustered at the assignee level.

Section 5. Alternate specifications

In this section, we present further results using our difference in difference setting. First, we
show that our results are robust to relaxing the assusnwe made regarding the firm founding
dates, and allowing firms to have delays between firm founding dates and the initial patent
application dates. Second, we show that our results are robust to using nonlinear count models,
specifically negative bmial and Poisson models. Third, we show that the visa shock has a causal
impact on introducing new Chinese/lndian inventors to capped firms. Finally, we show that patents
with new Chinese/Indian inventors are more likely to introduce new herbs thatrail@auii the
US context.

5.1 Relaxing assumptions regarding firm founding year

In our baseline results, we made an assumption on the relationship between the first time an
assignee files a patent, and its founding date. Specifically, we try to collect founding dates from
Capital 1Q for our assignees. When this method fails, we eselibst application date for that
assignee, for all granted USPTO patents as th
founded upon patent filing. However, in general, the initial patent application date and firm
founding date are likdty be different. Most startups do not have patents upon founding, and in the
case of very old companies (founded before 1977, when the patent data starts), there may be
significant lags. This section presents results relaxing this assumptiaaliggichgeour results.

We proceed by varying the assumption on the time it takes from the organization founding
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date to filing the first patent. We first experiment with a 3 year difference, which can be a reasonable
upper bound for most starps. We also experiment with 6ar8j 12 years, in case we have older
private firms that are not captured by Capital IQ or the USPTO database. We do not alter the
founding dates of firms that we are able to obtain data from Capital IQ. We are only adjusting the
founding dates of those @smes that we must impute the founding date from the initial patent
application date.

Table A7. Relaxing firm founding date assumption and linear models

1) 2) 3 4)
Dependent Variable: Log patent count
(OLS)

Time to patent: 3 years 6 years 9years 12 years
Capped x Shock 0.040 0.041 0.042 0.042

(0.020) (0.016) (0.014) (0.013)
Time FE Y Y Y Y
Firm FE Y Y Y Y
Controls Y Y Y Y
Observations 9239 9475 9698 9911
Adjustedr? 0.068 0.068 0.070 0.072

Standard errors in parentheses, clustered at the firm level.

We see froniTable A7that regardless of the lags between firm founding and patent
application date, we see similar results. Across all columns, the coefficients do not vary significantly.
In al specifications, we control for Assignee fixed effects, time fixed effects, and other controls. In
this section, we present results using the dataset with significant lags.

5.2 Nonlinear results

Our outcome variable is the number of patent counte dirrlyear level. Since this is a
count variable, its values are always nonnegative, and have discrete differences. In these situations
some assumptions of OLS may not be met. The literature tends to either take logs of the count
variables, or use nomar estimation models to overcome such drawbacks. In our baseline, we
opted for the first method and took the log number of patent counts plus one, for two benefits.
First, the interpretation of coefficients is more intuitive. Second, nonlinear matfetemnceh-
difference settings are complicated, and while they produce coefficients that have the same sign as
the true difference in difference effect, more generally the signs do not need to be consistent for
interaction terms.

In this section, we psent results using nonlinear count models. We focus on two models:
the fixedeffect negative binomial model, and the guasimum likelihood (QML) estimates based
on the fixeeeffect Poisson model. Our data is alispersed (i.e., variance is greatsr the
mean), and thus is more suited to estimation through the negative binomial model. We do not use a
zeroinflated model because our data does not suffer frorn#tation, as discussed in the ext

32We find no evidence for an excessiuemberof zeros. We follow Cameron and Trivedi (2010) and compare the
predicted probabilities of zeros in a Poisson distribution to the observed probabilities. We see a slightly higher
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The alternative method has the benefit that étlem uinderlying model is incorrectly specified, the
standard errors are consistent. Furthermore, QML standard errors are robust to arbitrary serial
correlation patterns, and are robust to concerns of underestimated standard errors common in
differencen-difference settings. We present our results from estimating the two models below.

Table A8. Nonlinear model results

(1) (2)
Fixed Effects  Fixed Effects

Dependent Variable: Negative Poisson
Patent Counts Binomial (QML s.e.)
Capped x Shock 0.477 0.445

(0.230) (0.264)
Constant -2.517

(2.027)
Time FE Y Y
Assignee FE Y Y
Controls N Y
Observations 9911 9911
Log likelihood -1641.332 -1664.330

Standard errors in parentheses. We relax assumptions on firm founding date€alsiimrb(1) uses the negative
binomial model to estimate coefficients, and column (2) uses a Poisson model-miiiquansi likelihood estimates
of the standard errors.

We see that the number of patents increased during the visa shock period. We do not
include controls in the specification for column (1) because of convergence issues. For all models,
the coefficient is positive, suggesting a positive effect of the visa shock on patenting. For columns
(1), the effect size is significant wit®.038, andor column (2)p=0.092.

5.3Triple differences

In a previous version of this paper, we estimated a triple differences model for the impact of
the visa shock on the likelihood of observing a Chinese/Indian inventor. First, for each herbal
patent, we obtained a Rbarbal (control) patent that has theealinical use as the focal herbal
patent. We measure whether we are more likely to see Chinese/Indian inventors on herbal patents
than on norherbal patents. This matching captures the notion that Chinese/Indian inventors are
more likely to bring knowlgd about herbs to the US. We found that it is more likely that
Chinese/Indian inventors file herbal patentsherbal patents that have similar clinical use.

We incorporate our differencedifference setting to this result. In the previous paragraph,
we hinted that Chinese/lndian inventors file herbal patents at a greater rate than non

probability of zeros in our observations than the Poisson model would pi@@@89), but we see no difference in
predicted counts of zeros using Statabs couSdqudre t c o mma |
statistic is 0.001, further showing our data does not suffer fromioflation of zeros.
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Chinese/lndian inventors. The differemeéifference setting allows us to see whether this effect is

being driven by first generation Chinese/Inthaentors Assuminghe visa shock increased the

number of first generation migrant ethnic inventors, we see whether the increase in ethnic inventors
increases the rate at which herbal knowledge is codified. This allows us to specify a triple difference
model, with all paiige interactions between 1) control and herbal patents, 2) capped assignees and
exempt assignees, and 3) during the visa shock and not. The triple interaction term here measures
the increase in the rate of codification of herbal knowledge, causeddendnation migrant

inventors.

We present the triptiifference results below.

Table A9. Triple Difference Estimates

1) 2) (3) (4)
Fraction Ethnic ~ Has Ethnic Fraction Has European
European
Herbal Patent (HP) 0.0948 0.165 -0.093% -0.00674
(0.0442) (0.0816) (0.0461) (0.0340)
Capsubject assignee 0.00545 -0.0356 -0.0865" -0.0955*
(CS) (0.0224) (0.0420) (0.0280) (0.0225)
Shock 0.00190 0.0264 -0.0820 -0.0400
(0.0303) (0.0639) (0.0412) (0.0348)
Herbal x Shock -0.0410 -0.145 0.0894 -0.0431
(0.0619) (0.107) (0.0696) (0.0677)
Capped x Shock -0.0133 -0.0431 0.0972 0.0508
(0.0327) (0.0664) (0.0444) (0.0381)
Herbal x Capped -0.0746 -0.145 0.0346 -0.0299
(0.0461) (0.0836) (0.0495) (0.0379)
DDD 0.116 0.247 -0.146 0.0117
(0.0665) (0.113) (0.0747) (0.0715)
Time Trend 0.0053% 0.00823 -0.000279 0.00100
(0.000744) (0.00117) (0.00138) (0.00136)
Citations Count -0.000166 0.000176 0.0014% 0.00130
(0.000179) (0.000304) (0.000268) (0.000217)
Inventor Count 0.0218* 0.0629" -0.0362" 0.01086"
(0.00570) (0.00632) (0.00401) (0.00292)
Constant -10.62* -16.41" 1.499 -1.091
(1.489) (2.347) (2.771) (2.712)
Observations 4148 4148 4148 4148
Adjustedr? 0.062 0.138 0.079 0.020

This table presents estimation of equation (1) arsiimgry least squares. The dependent variables are the
fraction of or an indicator for Chinese/Indian inventors for a given patent (colu(@hs éhd the fraction

of or an indicator for European inventors (column@p)Herbal and Capped are iaidics for whether a
patent is an herbal patent or whether the assignee is subjecti®thisdicap. Shock is an indicator for
when the visa cap was increased (year@DB0 Standard errors are clustered at the assignee (employer)
level. Standardrers in parentheses

*p<0.10,” p< 0.05,” p<0.01

We see that the fraction of herbal patents with Chinese/lndian inventors increased
significantly, suggesting that the rate of codification of herbal knowledge is greater for first
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generation migrant inventors. This suggests that migrant inventors éwistr cbantry and bring
knowledge that is previously not in the host context.

5.4 Permutation test
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Figure A4. Cumulative distribution of coefficients fronFplacebodasiple of 401 herbal patent assignees, we
randomly select 73 assignees to be exempt from the visa cap, and also randomly select a-geas@euinktd be

our placebo H1B visa shock period, and run specification (1) as above, savifiicidt coethe difference in
differences (DD) estimate. We repeat this process for 3,200 random tredtedtrment window pairs. We select
random placebo pairs based on two dimendiassignment of the visa cap to assignees (done 100 times each),
asignment of a visa shock period (done 32 times each for the 32 different pgsaibiien® periods) for a total of
100x32 = 3,200 random placebo pairs. We plot the cumulative distribution function of the resulting DD coefficients (Q
3 in Figure A. Similar to a {value, if the visa shock positively affected herbal patenting behavior, we would expect
our coefficient to be significantly larger than random (hig@).@nd thus appear near the upper right tail of the
cumulative distribution functio/e reject the null hypothesis of zero effect of the visa shock on herbal pate@ting if 1
A>0.05.The permutation test does not make assumptions about the error structure, and thus is robust to concerns of
serial correlation

Section 6. Summangtatistics

In this section, we provide alternative summary statistics on our herbal patents, before and
after the visa shock. First, we repd#dst results of pateldvel variables in our dataset across
patents by capped assignees and patents {oppped assigeg for all time periods. Next, we
again present summary statistics on patent characteristics across capgygu#daassignees, but
for the pretreatment period. This second table allows us to look at any systematic differences in the
patents by cappedsignees and naapped assignees.

6.1 Summary statistics across the entire sample
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Table A1Q t-Test Results

Capped firms Exempt firms  Difference

mean sd mean sd b t
Count of Chinese/Indian inventors 0.31 0.68 051 0.99 0.21 (2.19)
Recombined 031 0.46 0.29 0.46 -0.02 (-0.39)
Fraction of inventors Chinese/Indii 0.10 0.23 0.16 0.27 0.05 (2.04)
Inventors hired (All) 182 191 215 1.70 0.34 (1.98)
Inventors hired (Chinese/Indian) 0.22 059 035 0.89 013 (1.57)
Application year 2001.6C 5.54 2000.17 6.57 -1.43 (-2.27)
Number of claims 1594 13.41 14.80 10.50 -1.13 (-1.04)
Number of inventors 266 193 277 157 0.12 (0.73)
Firm age 9.74 10.12 17.70 9.43 7.96 (8.47)
Firm founding year 1991.87 9.86 1982.47 7.80 -9.39 (-11.68)
New herbs used 035 244 033 0.75 -0.02 (-0.15)
Herbs used 6.39 13.39 6.57 10.40 0.18 (0.17)
1(New herb used) 0.08 0.24 0.14 0.33 0.06 (1.84)

Log Ngram of least familiar herb  -16.38 2.65 -16.19 2.70 0.19 (0.71)
Log Ngram of most familiar herb  -13.47 2.71 -13.41 3.02 0.05 (0.18)
Log Ngram of median herb -14.90 2.26 -14.74 2.46 0.16 (0.67)

Observations 635 123 758

We see that patents by capped assignees are more likely to have, and also more likely to have
more Chinese/lndian inventors. Capped firms are also more likely to hire inventors. Capped firms
tend to file patents later on, but exempt firms tend to be wldar they file patents. Finally,
exempt firms are more likely to use new herbs.
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6.2 Summary statistics before the visa shock

Table A1l Herbal patent characteristics beforeprefi®8Bock (

(1) (2) (3)
Capped Exempt Difference
mean sd mean sd b t
Chinese/Indian 0.23 0.59 0.28 0.49 0.05 (0.68)
inventor count
Recombined 0.25 0.44 0.25 0.43 -0.01 (-0.13)
Fraction 0.08 0.20 0.13 0.27 0.05 (1.44)
Chinese/Indian
Inventors hired 1.94 1.65 2.07 1.50 0.13 (0.55)
Inventors hired 0.21 0.58 0.18 0.43 -0.03 (-0.44)
(Chinese/Indian)
Application year 1995.33 4.32 1994.72 4.61 -0.61 (-0.89)
Claims 17.42 15.06 16.95 9.50 -0.47 (-0.28)
Inventor count 2.33 1.56 2.46 1.38 0.12 (0.57)
Firm age 7.34 7.67 13.53 7.53 6.19 (5.42)
Firm founding year 1987.99 8.52 1981.19 6.73 -6.80 (-6.26)
New herbs used 0.74 4.37 0.54 0.96 -0.19 (-0.56)
Herbs used 5.78 10.83 2.81 2.97 -2.98 (-3.38)
1(New herb used) 0.13 0.30 0.22 0.37 0.09 (1.62)
Log Ngram of least -15.81 2.25 -15.97 2.83 -0.16 (-0.38)
familiar herb
LogNgram of most -13.14 2.34 -13.88 3.09 -0.74 (-1.64)
familiar herb
Log Ngram of mediar  -14.39 1.88 -14.88 2.66 -0.49 (-1.28)
herb
Observations 189 57 246
Both groups have a similar number of i nven
likely to contain synthetic compounds, as measured IsySyathetiariable, and use herbs that are
equally frequent in the English language. Cap exempteassijnep at ent s i n our S

older on average, and are generally more likely to have inventors with Chinese/Indian names.

6.3 Alternate graphs using Statads binscatter
In this sectionwe plot thenumber of patents per assigypear forcapped and exempt firms

over time. We also plot the recombination probabilities over time for any given herb, and the

recombination probabilities by a specific ethnicity.
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Herbal patenting over time
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Figure A5. Binscatter plot of recombination probabilities over timédanettB)ic groups

Section 7. Coding recombination, ethnicities, and assignees

7.1 Coding the Recombined variable

We create a variablecombintal indicate patent applications comprising herbs combined with
synthetic compound3.o do this categorization, we used the Derwent classification for each patent. The
Derwent Patent class is a manually curated standardized classification systens fmaiptdaered by
Thomson Reuters and the classification is more industry centric than technology centric. After analyzing
various mixes of Derwent classes in herbal medicine patent records, we concluded that herbal medicine
patent records containing Derwelatsses B05, B06, or BO7 comprised a mix of herbal medicines and other
synthetic compounds/drugs. the absence of any of these classes, the composition is purely made up of
herbal medicinetn Derwent classification, the B class refers to ‘pharmalsgu8abclass BO5 refers to
‘other organics,' (BO5 other orgaréecematics, aliphatic, orgametallics, compounds); B06 to 'inorganics,’
(inorganics-including fluorides for toothpastes etc.) and BO7 to 'general’(tablets, dispensers, catheters
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(excludig drainage and angioplasty), encapsulatioB@tagfers to 'natural products and polymers," which

also includes herbal medicine patents but does not contain synthetic compounds. B0O5, B06, and BO7 are the
only three classes in B (pharmaceutical€ahiain synthetic Western drugs. Thus, a presence of these three
classes signifies a combination of synthetic compounds/drugs with herb. Fifty random abstracts of patent
records having any of these three classes and 50 random abstracts of patenthredseisceviof all of

these three classes were studied to confirm the effectiveness of using Derwent classes to code the
&Recombined variable and this result was independently
researchers.

7.2 Coding ethnicities

Probabilistically, surnames such as Xing are more likely to be associated with Chinese individuals
than with other ethnicities. We build on this insight and utilized arsoypee name categorizer
oethnicityguessenbonod cattlemiocii tzieesi.n The software
ToolKit (NLTK) package in Python, and it comespaekaged with a set of names and associated
ethnicities. As a robustness check, we compare our ethnicity classification resultsgwdiEferesin
training sets and agaiAshbekar et al. (20p@ho use state of the art hidden Markov models and decision
trees for classification.

Table Al12. Correlations across Ethnicity measures

Asianl Asian2 Asianl Asian2
(surname) (surname] (full)  (full)
Chinese/lndian1 (first) 1
Chinese/lndian2 (first) 0.9637 1
Chinese/lndianl (full) 0.9503 0.9195 1
Chinese/Indian2 (full) 0.9297  0.9394 0.963 1

NoteeCompari son of t he two t reahnicityguoegser.sfexpested,pwe ceeithdtefar allby ki |
classifications, there is a high correlation across the two measures, whether we use the full name or just the surname as
the tokens.

We also compare our results to the Name Ethnicity Classifier created by Ambeka®etlawé200
have a high correlation between our measure of Chinese, Indian and European with the Name Ethnicity
Classifierfos Asian and Greater European categorie
We randomly sample 10% (1,219) ofmwrent or sd names and submit this t
website. We present the results below. We see that 94 percent of our Chinese inventors are categorized as
Asian, and 90 percent of our Indian inventors are categorized as Asian. Gemeckdlsification of
European coincides with the categorization of Europeans by Ambekar et al (2009). Overall, the results reflect
positively on our classification of ethnicities.

Table A13. Comparison of ethnicityguesser performance to hedassificadhnicoduct

kitofans Asian  GreaterAfricar GreaterEuropeal

african 5 2 0
arabic 0 0 2
chinese 115 0 7
czech 16 5 28
danish 1 0 25
french 12 7 170
german 1 0 54
greek 4 1 11
indian 70 4 3
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irish 0 0 31
italian 7 2 21
japanese 133 3 2
jewish 14 11 163
korean 63 1 6
muslim 6 14 2
portugese 4 1 12
russian 0 0 3
slavic 0 0 7
spanish 7 5 51
swedish 3 1 43
SWisS 2 2 36
ukranian 1 1 10
viethamese 5 0 3

NoteCompari son of <c¢classification results wusing kito
the table as follows. Of the 122 names classified as Chinese using ethnicityguesser, 115 are classified as Asie
in Ambekar et al (2009).

7.3 Educational background of Chinese/Indian inventors

Inventor backgrounds can also provide information about whether herbal patent inventors
are more likely to be first generation migrant inventors3,082herbal patengrants (U.S. and
foreign assignees)ntaings,119unique inventors, of whidh208unique inventors are of Chinese
or Indian ethnicities. We randomly sample 552 inventors from the Chinese/Indian inventor
population 43% of unique Chinese/lndian inventors in herbal patents sample) arnut &tem
search for their educational history in LinkedIn. To do so, we search for individuals in LinkedIn
using the inventoro6s and assigneeds names. | f
name, 2) match for the assignee of interest 3hwedme period the patent application was
submitted, we code this as a successful search. We successfully found 84 profiles on LinkedIn (15%
of Chinese/Indian inventors that we looked up on LinkedIn), but we drop 20 individuals who do
not list their edwtional details. For each Chinese/Indian inventor left, we document the
educational background of the individuals. We document whether the inventor was educated solely
in India, U.S., or China, or whether they were educated elsewhere and moved tOftlieeU.S.
sample, about one third of the individuals were educated solely in India and the U.S. each. About
20% of individuals were educated first in China, then moved to the U.S. The remaining inventors
were educated just in China (9%) or educated inthmtizeducated in the US (3%). In summary, a
disproportionate fraction of matched Chinese/Indian inventors filing herbal patents who we looked
up on LinkedIn, were educated in China/India, indicating that they were indeed first generation
migrant inventors

Table Al4. Educational background of Chinese/Indian inventors

Educational Backgrour Count Percentag:

India 22 34.38%
us 20 31.25%
China to US 14 21.88%
China 6 9.38%
India to US 2 3.13%
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Total 64 100%

We also look at whether herbal patents have more inventors that were educated in China/India. Herbal
patents are much more likely to have inventors educated solely in India, and similarly for Chinese educated
individuals. On the other hand, inventors @ddabroad who moved to the US are less likely to write

herbal patents. Inventors educated solely in the US are less likely to write herbal patents, despite their being
ethnically Indian/Chinese.

Table A15. Educational background of Chinese/Indhyirpeagetd type

Educational Backgrour Control Pateni Herbal Paten

India 5 17
us 14 6
China to US 9 5
China 3 3
India to US 2 0

Total 33 31

Finally, we see whether the visa shock increased the number of foreigners writing patents. Towards
this, we look at whether patents written during the visa cap increase have more inventors that were educated
outside the US. The shock seems to have intttkagwoportion of Indian inventors, but decreased all
other types of inventors.

Table Al6. Educational background of Chinese/Indiaventimtrs

Educational Backgrour Non-Shock Shock

China 3(9.09%) 3(9.68%)
Chinato US 9(27.27% 5 (16.13%
India 5 (15.15% 17 (54.84%
India to US 2 (6.06%) 0
us 14 (42.42% 6 (19.35%

Total 33 31

7.4Assignee classification

We categorized assignees into three broad groups: individuals, U.S. based firms and
Universities, and Foreign firms and Universities. We merge our herbal patents dataset with two
external datasets for this pr ocel®.sPatentd\8eRT Ob s
contains disambiguated assignee data, and classifies each assignee into U.S. Company ol
Corporation, Foreign Company or Corporation, Individuals, and so forth. Capital I1Q provides
researchers with corporate headquarters for a company.senple of U.S. assignees, there are
401 unigue assignees, 73 of which are cap exempt.

In our original dataset of the universe of herbal patents, there were a total of 7,157 patents.
We obtain the geographical data for 3,183 patents from Patent&@@woB) Capital IQ and 412
from manual search&¥e find that 2,512 of our patents are filed by individuals, 2,851 by foreign
companies, and 1,794 by firms/Universities based in thddJ&so obtained a list of H1B visa
capexempt employers from 4 @Barty online employment entityThe online list contains 12,479
employers who have been categorized as exempt from the H1B visa cap. We matched these

33 Source: Hp:/iwww.myvisajobs.com/Search_Visa_Sponsor.aspx
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empl oyers to our |list of assignees, and furth
list of assignees that are exempt from the H1B vis&A&. Out of the 4,179 total number of

unique assignees in our herbal patent sample, 158 unique assignees are exempt from the H1B vise
cap. In our sample of U.S. assignees, there are 401 uniques,ag3ighedich are cap exempt.

7.5 Sample restrictions

Our sample restrictions are based on three considerations: 1) location of firm, 2) founding
dates/final patenting dates, 3) patent grants. We first explain the data sources, then delineate the
sampleestriction process and rationale, and finally discuss the magnitudes of these changes. We use
assignee locations from PatentsView when available, and also use headquarter locations provided by
Capital 1Q. We also use Capital 1Q to obtain founding dagsavailable, and impute founding
dates based on patent application years. We also obtain the date of the last patent filed by an
assignee. Application status (granted or not) is obtained through PatentsView.

In the full dataset, there are 4,179 assigrie®68 of which are granted any patents.
Restricting the headquarter location to US based assignees brings this down to 1,037 firms, 585 of
which are granted any patents. Finally, we restrict the sample to firms founded before 2004 that
continued filingpatents through 2000. We thus have 633 firms found before 2004 that filed at least
one patent after 2000, 401 of which are granted any patents.

The largest change is in excluding theU®firms, but our identification strategy does not
specify in whicli r ecti on foreign firmsd patenting sho
and last patenting dates is necessary because patenting outside of our visa shock period may bias th
results downwards. Finally, the restriction on firms with any graeted pan be relaxed to obtain
similar, but noisier results. Using all 633 firms that are filing patents, we observe a 2.29 percent
increase in patent filings (p=0.0998) while including assignee fixed effects, application year fixed
effects, and time vamgi firm controls.

Section8. Herb characteristics

For all granted herbal patents, we collect a list of herbs mentioned in the title and abstract of the
patent. For each of these herbs, we collectdlogleN-gram score of the herb in the patgpplication
year Google Ngrams provides users with the raw frequency of words in all American English books
digitized by Google, for a given year until 2009. We define the Familiarity of the herb to be the log of the N
gram scoreSince we have thmivese of herbal patents, we can also obtain the minimum year in which an
herb was used in a patent. We define the Year Introduced variable as the minimum application date across all
patents using a specific herb. We present a select list of herbs, @ratalotgristics below.

Table AT7. Most frequent and least frequent herbs

Herb Name Patents using her Familiarity Year Introducec Notes
corn 82 -10.6883 1984 Most frequent herb
soybean 71  -13.1475 1985
soy 66 -12.1929 1994
green tea 65 -14.0068 1996
vegetable oll 60 -13.5257 1984
é
rosmarinus 12 -16.8946 1995
echinacea purpure 5 -16.8609 1999 Median familiar her
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vitis vinifera 1 -16.8603 2008 Median familiar her
phytolacca 3 -16.8545 1992
é
paullinia cupana 1 -19.2911 1987
catharanthus rosel 1 -16.6776 1986
zygophyllaceae 1 -17.6729 1986
matico 1 -19.8119 1986
salicornia 1 -16.6955 1985 Least frequent hert

NoteMost and least frequent herbs, including the median familiaPaeenss using herb are counts of patent grants
by US based assignees (corporations and universities) that were active dR6i0g. Fagfiliarity is measured as the
log of the Ngram of the herb when the patent application was filed; here we repesantt@gmgram across all
patents using an herb. Year Introduced is the first year in our sample in which the herb was used.

Section 9. Impact of restrictive immigration policies

In this section, we present results showing that restrictive immigration policies can deter
recombination

Table A18.Effect of restrictive migration policies post 2004
1) 2) 3)

Dependent variable: log(1+patent count)

Capped x Post2004 -0.032” -0.018" -0.036™
(0.010) (0.009) (0.010)
Capped 0.037" 0.023"
(0.006) (0.006)
Post2004 -0.005
(0.007)
Constant 0.040™ -0.008 0.015
(0.004) (0.009) (0.010)
Time FE N Y Y
Assignee FE N N Y
Observations 8998 8998 8998
AdjustedR® 0.008 0.036 0.038

Cluster robust standard errors in parentheses, clustered at the assignee level. Observations are at theaassignee
level, for all years an assignee (firm or university) was in operation. F=We use the tsfill command in Stata to fill in
missing assignegear pairs. The assigngear level dataset is thus an unbalanced panel consisting of 8,998
observations (an average of 22.4 years of observations for 401 assignees). The dependent variable is the log of the
number of herbal patents filed by an assignegiven year. Capped is an indicator for whether the assignee is

subject to the visa cap; Post2004 is an indicator for years 2004 and onwards. Percentage changes are calculated as
pmMTQ  p.

"p<0.10,”" p<0.05," p<0.01
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Section 10Recombination by nonrethnic teams

It is worth noting we observe nrethnic (no ethnic inventor) teams participating in recombination
as well as mixed teams. This is puzzling because we hypothesized that recombination requires knowledge of
both the local aitext and the foreign contestiggesting recombination should be driven by mixed teams
We argue indirect spillovers from prior collaborations and prior herbal patent codification can allow non
ethnic teams to recombine. We illustrate these mechaniserapiiical evidence.

10.1Spillovers through ceinventors

We first test the relationship between prior ethnic exposure and recombination probabilities. Specifically, we
test whether the probability of recombination varies with prior exposure to etimacsnand whether
that rate varies across the different types of teams. We discuss the graphical results first.

Recombination and Ethnic Exposure

Pr( Recombined )
0 .2 4 6
/
l.b !
[]

-2

-2 0
(Residual) Ethnic Exposure

® Non-Ethnic # Fully Ethnic
= Mixed Team

Figure A6. Recombination probabilities and priémathtic exposure

We see that for negthnic teams (and mixed teams)ptbbability of recombination increases with
ethnic exposure of the patentds inventors, while
between ethnic exposure and probability of recombinAféotest this formally by estimating the fatigw
equation:

YQOE ADQEQOMA €1 G10G ¢ 'REQG Ownéi 6 & QAEQN. % |

whereExposutig the average prior exposure to ethnic inventors across all inventors in a patent, and
NonEthnits anindicator variable for patents with no ethnic inventors. The main coesfiatetesis’

which captures the differential increase in likelihood of recombination from an increase in ethnic exposure
for nonrethnic teams

Table A19 Increasegrior ethnic collaboration increases recombination

(1) (2)

Dependent Variable: Recombir

Ethnic Exposure -0.491 -0.568
(0.260) (0.300)

Non-Ethnic -0.020 0.063
(0.070) (0.073)
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Non-Ethnic x Ethnic Exposur 1.104 1.067
(0.612) (0.631)
Assignee FE Yes Yes
Application Year FE No Yes
Controls No Yes
Observations 501 454
Adjustedr2 0.212 0.205

Cluster robust standard errors in parentheses, clustered at the assigmpee0el@™ p< 0.05,” p< 0.0)).

Exposure is skewed, ranging from 0 to 1 with a mean of 0.028 and a standard deviation of 0.128. The sample is at the
patent level, and the sample size differs because of assignee fixed effects: observations without assignee level variation
will be droppé.

We see from both col umifEs hinhat xtikEeé honoef Expiosmtr edn i
significant (p=0.073 and p=0.093 for columns 1 and 2 respectively). This pattern is robust to including
controls (column 2). This suggests that teamprising nowthnic inventors who have greater prior

exposure to ethnic inventors are more likely to be apt at recombination, compared to teatimiaf non

inventors who have lower prior exposure to ethnic inventors.

10.2Spillovers through priorinventions

Another mechanism by which rethnic inventors can recombine knowledge is if the effects of the
herb have been codified in the past. Codified knowledge regarding herbs significantly lowers the cost of
recombination even to nathnic inventorOne consequence of this mechanism would be that the herbs
nortethnic inventors use will be older (and thus more likely to be codified). We perform this indirect test by
estimating the following regression equation:

0 QQQMOE OV ONOQ®
I 06 & @M YQOE ADOE YQOE aDOE VE ¢ RAD _ %o
T

where MedianHerbYear is the median age of the herb on a patent, NonEthnic and Recombined are
indicatorsand we include assignee year fixedse#fiedtfirm fixed effects when appropriate. The coefficient

of interest is , which compares whether recombined patents use older herbs on average, and whether this is
more pronounced for negthnic teams.

Table A20. Recombined patents by nonetbridsove older herbs

1) (2) 3)

Years since median herb was first used

Non Ethnic -2.010 -1.107 -1.526
(2.277) (2.071) (1.942)
Recombined -2.001 -1.961 -2.018
(1.965) (2.793) (1.801)
Non Ethnic x Recombined 4.807 3.503 3.721
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(2.221) (2.015) (2.017)
Assignee FE Y Y Y
Application Year FE N Y Y
Controls N N Y
Observations 501 494 494
Adjustedr? 0.318 0.512 0.522

Robust standard errors in parentheses

From column 1, we see that the median herb is younger-ethnimteams compared to teams with ethnic
inventors, but this number is statistically insignificant at the 10 percent level (p=0.116). Interestingly, the
median herb in a Recombination patent is younger than reuse patents, but this effect is also statistically
insignificant (p=0.30%9) The interaction term is positive and significant (p=0.031), suggesting that the
median herb on a recombination patent is older than a reuse patent, but only fetkimécrteams. This

is consistent with our hypothesis that-athmic teams need to build on prior codification of herbal
knowledge, while teams with ethnic inventors do not have such restrictions.

Section 11. Alternate tests of recombination

First, to visualize the relationshig include binned scatterplots and local polynomial smoothing
estimates of the relationship between the usage of synthetic compounds and the fraction of ethnic
inventors. The g¢gr alpnstteipohcoronmahdg, regpectively.i a St at aod

o Local polynomial smooth
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34Note that this is only the case when controlling for assignee fixedTéftestise interpretation is that the median
herb in a recombination patent is younger than a reuse patent within assi@paeesstirae ethnic inventors.
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Local polynomial smooth
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Figure A7. Binned scatterplots and local polynomial smoothing aimeembination
The graphs suggest that there is a nonlinear relationship between the two variables. For low Chinese/Indian inventor
patents, the use of synthetic compounddasvely high, while the downward slope is primarily being driven by patents
with a high fraction of Chinese/Indian inventors. We include a version of the second graph with confidence intervals as
well. This last graph shows that while the probabiligcofbination is decreasing as the fraction of Chinese/Indians
increases, the estimates are also increasingly noisier.

We next investigate whether recombination probabilities are affected by inventor counts and ethnic
inventor counts independently. Wéneste 3 simple models, all with recombination as the main
dependent variable, and with inventor counts, ethnic inventor counts, and both inventor and ethnic
inventor counts as the independent variables. We present the results below.

Table A21. Recombinatin and inventor counts

1) (2) (3)

Dependent Variable: Recombination

Inventor count 0.015 0.024
(0.011) (0.014)
Ethnic inventor count -0.037 -0.066
(0.032) (0.037)

Assignee FE Yes Yes Yes

Application Year FE Yes Yes Yes

Observations 501 501 501
AdjustedR? 0.216 0.214 0.218

Cluster robusttandard errors in parenthesasthe patent assignee lev@ample at the patent level. Note: since we
include assignee fixed effects, assignees wiitly one patent are droppédtence the different sample size

We see that while inventor count is positively associated with recombination, the effect is statistically
insignificant (p=0.186). Similarly, Ethnic inventor count is negatively associated with recombination, but
again stastically insignificant (p=0.251). Including both as independent variabégmifies the effect of

both variables. Furthermore, the effects have greater statistical significance: p=0.097, p=0.082 for
inventor count and ethnic inventor count respectively.
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Section 2. Tests of invertedU relationships

Next, we utilize Simonsohn (2017) to formally test whether an investempdd
relationship existfor recombination over timdntuitively, an inverted -Ehape implies the
existence of a cutalf such thaif ® ), thenwandware positively related, andif w, then
wandwar e negatively related. Si monsohn (2017)
algorithm (which he shows is robust to errors), estimates an interrupted regreshiecksatfidhe
coefficients for high and low valuesanfl) have opposite signs and (2) are independently
statistically significant according to aspezified threshold. We implement this test on the herb
level demeaned variables for recombinationiraed That is, for pateffusing hertXQ we define
the demeaned recombination varigble @  wand the demeaned time variable @ of

wherew® -B o i —-B @ . We follow Simonsohn and estimate the cuioffsing the

Robin Hood forithm, and estimate the interrupted regression using a significance threshold of
0.05. We present graphical results bétote the yaxis denotes recombination and thexig
denotes time since herb introduced)
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Figure A8. Recombination probabilities over time, by ethoaresaeme@ent b/se)

As we see from Figure ABe observe inverteddbapepatterns for some ethnic groups
(Non-ethnic and fully ethnic teams), but the opposite for mixed teams. Overall, there is an inverted

U-shape relationship with recombination increasing for the first 18.6f years ( 18t ¢ ,Tt
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p<0.001), but d=eases afterwards ( T3t 11,y=0.009). Interestingly, recombination by

entirely norethnic teams is increasing for the first 17 years an herb is intrbduced (
T3t ¢ ,)p<0.001), while recombination by mixed tesntecreasing during the same time period

( 18t 11,g0=0.021). Subsequent recombination decreases for entirelyhmoneams
) T8t 11,y<0.001), while it increases for mixed teams (18t 11,@<0.001).
We see similar patterns for fully ethnic teams and entirefyhnanteams, but the impacts are
smallert( T8t 11,@<0.001] T8t 11,@<0.001). While not reported here,

we find similar results aft controlling for patent characteristics such as inventor counts and
number of claims.

Qualitatively, a significant portion of initial recombination is driven sthmo teams.
Comparing overall recombination and-atimic recombination (panels a brid FigureA8), we
see the cutoff point is smaller for reihnic teams (16.72 versus 18.58), and the slope is larger for
nonethnic teams (0.027 versus 0.020). This suggests local inventiimosams) recombine
knowledge faster and earlier on.e Téther team compositions do not significantly drive
recombination during this period, with the slope feeflilic teams and mixed teams at 0.002 and
-0.003, an order of magnitude smaller tharetiomnc teams.

Similarly, while overall recombinatod scr easi ng as more ti me ha
initial use, mixed teams continue to recombine in later time periods. Mixed teams increase the rate
of recombination after 17.03 years, with recombination increasing at a rate of 0.006 per year, in
contrast to the overall negative trend of recombinatiehGd5.
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