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Universities  and other  beneficiaries  of  public  funding  for  scientific  research  are  encouraged  to  patent
resulting  inventions  under  the  Bayh–Dole  Act. This  controversial  framework  gives  academic  grant
recipients  a  direct financial  stake  in the  success  of their  inventions  by  requiring  universities  to  share
the  resulting  patent  royalties  with inventors.  This  incentive  for grant  recipients  might  help  jus-
tify  Bayh–Dole  patents  when  the  conventional  justification  for  exclusivity—that  it  is necessary  for
commercialization—fails  to hold.  But  there  is little  evidence  as to whether  it works.

This  article  examines  how  one  aspect  of the  patent  incentive—the  prospect  of  royalties—affects  the
behavior  of  university  researchers.  Fortuitously,  different  schools  offer  inventors  different  shares  of
patent  revenue.  We  have  created  a dataset  of  royalty-sharing  policies  from  152  universities,  which
shows  substantial  variation  across  universities  and  time.  (For  example,  Caltech  switched  from  sharing
15 %–25  % of  net income  in  1994,  the  University  of  Washington  switched  from  sharing  100  % of  initial
revenues  to a flat  rate  of  33 % in  2004,  and the  University  of  Iowa  switched  from  25  % to  100  %  of  initial
patent revenues  in  2005.)  Although  prior  work  has  reported  that  higher  inventor  royalties  lead  to  more
university  licensing  income,  we show  that  this  result  was  driven  by coding  errors.  We  also  extend  prior
work  by  examining  more  years,  doing  a more  convincing  panel  data  analysis,  using  additional  outcome
variables,  and  looking  at lateral  moves  by  the  most  active  patenters.  In all  of  these  analyses  we find  no
compelling  empirical  evidence  that increasing  university  inventors’  royalty  share  has  a  significant  effect
on any  of  the  outcomes  one  would  expect  to be  most  affected.

These  results  do not  imply  that  patents  provide  no incentives  to  university  researchers.  They  may
provide  reputational  benefits  or encourage  faculty-run  spin-offs,  or  even  provide  financial  incentives
that  are  not  captured  by  our  statistics.  But  the  lack  of a measurable  impact  of  higher  royalty  shares  on

patenting  activity  suggests  that,  from  a social  welfare  perspective,  it may  be preferable  for  a larger  share
of  royalties  to  be  retained  by  universities,  which  are  then  required  by Bayh–Dole  to  reinvest  this  money  in
science  research  and  education.  In  any  event,  our  analysis  raises  promising  questions  for  future  research
and calls  into  question  the  existing  view  that  increasing  the  inventor’s  share  in university  patent  policies
encourages  researchers  to develop  and commercialize  more  remunerative  patents.

©  2020  The  Authors.  Published  by  Elsevier  Inc. This  is an open  access  article under  the  CC  BY  license
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1. Introduction

Public research funding may  be the most significant legal pol-
icy tool to promote innovation: direct U.S. research funding is
larger than estimates of U.S. patent rents (Hemel and Ouellette,
2013). The National Science Foundation (2016) reports that scien-
tific researchers at universities, other nonprofits, and government
laboratories conduct over 75 % of all basic research and over 40 % of
all applied research in the United States—the majority of which is
funded by the federal government. In total, U.S. taxpayers provide

over $100 billion in direct research funding each year—nearly one
quarter of all U.S. research spending. This funding is a complement
to the patent system, not a substitute. Under the Bayh–Dole Act of
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outcomes that likely would be most affected: invention disclosures,
patent applications, issued patents, or licensing income. And at the
same time, increasing the inventor’s share may take away money
 L.L. Ouellette and A. Tutt / International R

980, institutions receiving federal research support can patent and
icense any resulting inventions, and the Stevenson–Wydler Act of
980 sets similar rules for inventions at national laboratories.

The optimal allocation of intellectual property rights for
overnment-funded researchers is a problem of substantial eco-
omic importance and global interest (Hvide and Jones, 2018;
zarnitzki et al., 2016; Azoulay et al., 2009; Jaffe et al., 2007). Propo-
ents of the Bayh–Dole framework contend that academic patent

icensing has created enormous economic benefits, including new
ife-saving products, hundreds of thousands of new jobs, and an
ncrease of up to $30 billion per year in U.S. GDP (Pressman et al.,
017). But empirical support for the causal nature of these claims

s thin, and Bayh–Dole’s detractors contend that the significant
osts that patents impose—including raising the price of knowledge
oods for both consumers and follow-on innovators, many of whom
lready paid for the initial research through U.S. taxes—outweigh
ny benefits (for a review, see Ouellette and Weires (2020)).

Although the traditional justification for patents is that they
ncrease ex ante incentives to create new inventions, the publicly
unded researchers who might be influenced by these incentives
ave played only a small role in Bayh–Dole debates. Instead, as
isenberg (1996) has explained, Bayh–Dole proponents “shift the
ocus from the initial costs of making an invention to the subse-
uent costs of developing an existing invention into a commercial
roduct.” Thus, the primary justification for Bayh–Dole patents
oday is that they encourage grant recipients to commercialize
esearch results. But while this “commercialization theory” is con-
incing for some Bayh–Dole patents, it cannot support the Act’s
resent scope. As we explain in Section 2, there are many inven-
ions for which exclusivity is not necessary for commercialization.
or such patents, it is particularly important to scrutinize other
vidence of their benefits and costs—including the effect on the
ndividual researchers who create the inventions in the first place.

Section 3 provides an overview of the economics of science
nd engineering research at universities.2 We  then draw from the
ualitative and quantitative literature to develop an empirically
rounded framework for understanding the effects of patent incen-
ives on university researchers. This article focuses on whether
here is rigorous evidence showing an incentive benefit from the
nancial effect of patent royalties, but as we explain, patents may
ave other effects on ex ante incentives that our analysis cannot
apture. For example, patents might create an incentive benefit
rom the reputational effect of receiving credit for a novel idea. The
atent incentive might also have negative incentive effects, such
s a shift in research focus away from more socially valuable but
npatentable ideas. Survey work suggests that financial returns are

 relatively small part of faculty incentives to patent, although sur-
eys present the usual difficulties with self-reported motivations.
fforts to study the impact of Bayh–Dole on more quantitative met-
ics of university research suggest that patents are not substituting
or publications or causing a marked shift in research focus, but it
s difficult to disentangle the effect of Bayh–Dole’s enactment from
elated trends in university research.

The most significant effort to isolate the effect of the financial
ncentive from patent royalties for individual researchers comes
rom economists Saul Lach and Mark Schankerman, who  took
dvantage of variation in the royalty share provided to inventors at

ifferent universities (Lach and Schankerman, 2004, 2008). Univer-
ities are required under the Bayh–Dole Act to share some portion
f patent income with inventors, but there is substantial variation in

2 Not all university patents are Bayh–Dole patents, nor are all Bayh–Dole patents
niversity patents, although there is significant overlap. We focus on university
atenting, but we  expect much of the discussion to apply in other nonprofit and
overnment research contexts.
of Law and Economics 61 (2020) 105883

these royalty-sharing policies. Based on data from the 1990s, Lach
and Schankerman (2004) concluded that “inventor royalty shares
are essentially unrelated to key university characteristics” such as
faculty size and quality, and that patent “licensing income is signifi-
cantly increased when the direct monetary rewards to the inventor,
in the form of royalties, are raised.” Their two papers on this effect,
both based on the same underlying data, have been cited over 700
times, including to support the argument that ownership of feder-
ally sponsored patents should vest entirely in individual inventors
(Clements, 2009). For example, one highly cited review states that
this work shows “the importance of [the inventor’s] share in secur-
ing researchers’ cooperation in technology licensing” (Siegel et al.,
2007).

Lach and Schankerman’s pioneering work identified a valuable
source of empirical variation for studying the effect of patent roy-
alties on academics. But we find that their statistically significant
results stem from errors coding some university policies: 42 out of
101 universities involve an error of at least five percentage points.3

No such correlation exists in their own  dataset when these errors
are corrected.4 Additionally, the results we present in Section 4
cast further doubt on the empirical conclusion that higher inven-
tor royalty shares lead to greater licensing income. We  use the
same data sources for outcome and control variables as Lach and
Schankerman, but with an expanded range of years (1991–2013)
and additional outcome variables: the number of invention disclo-
sures filed with university technology transfer offices (TTOs) each
year, and the number of patents filed and received by each TTO.
These outcomes are all imperfect (or even negative) measures of
social welfare, but they are the outcomes one would expect to be
most directly responsive to financial patent incentives. We  also
use a larger number of universities, based on our hand-compiled
dataset of patent royalty-sharing policies, which shows substantial
variation across both universities and time. We  conduct cross-
sectional analyses based on the approach of Lach and Schankerman
(including a restriction to the same 1991–99 period) as well as panel
data analyses with university and year fixed effects. None of these
analyses support the claim that increasing the inventor’s share of
patent licensing revenue in official royalty-sharing policies causes
academics to increase their patent-related activity.

As an additional check, we  examined moves between universi-
ties by the most active university patenters: faculty with at least
ten patents in the ten years prior to 2016. Based on 133 lateral
moves for which we had calculated an expected share at both the
old and new institution at the time of the move, we did not find
that these high-patenting faculty tended to move to schools with a
higher expected share.

To be clear, our results are only focused on the impact of a
university’s official patent policy—we cannot determine how often
faculty negotiate a different royalty share. (Based on conversations
with technology transfer officials, our understanding is that side
deals over patent issues exist, but we have not heard of any deals
focused on the royalty rate.) But as we explain, this caveat does not
affect our conclusion that increasing the share for inventors in a
university’s standard policy does not seem to increase any of the
3 Most notably, for Carnegie Mellon University, Lach and Schankerman used an
expected share of 97%, but the university’s IP policy has given the inventor 50% of
net  patent income since 1985. Changing this one value makes their correlation no
longer statistically significant. For additional details, see the Appendix.

4 We are grateful to Mark Schankerman for generously providing some of the data
analyzed in Lach and Schankerman (2008), which facilitated this comparison.
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rom the university.5 Even setting aside the more complicated issue
f whether incentivizing more faculty involvement in technology
icensing has a positive net social benefit, we do not find evidence of

 potential private benefit to increasing the inventor’s share in offi-
ial policies that might justify the corresponding loss of additional
&D funding.

Policies governing university patent ownership may  still have
ncentive effects, as illustrated by recent work on the transfer of
wnership rights from professors to universities in Norway (Hvide
nd Jones, 2018). The failure to observe an effect stemming from
ariation in royalty-sharing arrangements in the United States may
tem from average royalty income being low compared with other
ources of income for academics (including patent-related income
uch as equity in start-ups and non-patent income such as the
rants that must be obtained to pay part of academic scientists’
alaries) and the wider variety of instruments U.S. universities
ight use to compensate faculty with high expected patent returns.
ur key point here is simply that the historical U.S. experience
urrently offers no compelling empirical evidence that providing

 greater financial incentive to university researchers by increas-
ng their share of royalties has a significant effect on university
icensing income.

As we conclude in Section 5, these results suggest that a rethink-
ng of Bayh–Dole policy is in order. Overall, we hope to shift
he burden to Bayh–Dole defenders to develop an evidence-based
ustification for those academic patents that are not justified by
x post commercialization incentives. Perhaps these patents are
ustified by ex ante incentives through other channels such as
eputational rewards. Perhaps they are justified by their role in
enerating additional funding for university research or internaliz-
ng foreign benefits of U.S. science spending (Hemel and Ouellette,
017). Given the weak evidence base, we are currently agnostic on
hether any of these benefits might outweigh the costs of exclu-

ivity, but we think these questions demand further study.
At the very least, we think our results suggest that from a social

elfare perspective, most university patent royalties may  not be
ptimally allocated. Decreasing the standard percentage of patent
ncome provided to inventors as personal income to shares on the
ower range of the policies we studied—say, 25 % of initial net
oyalties—seems likely to have little effect on patent-related activ-
ties by faculty. (Lowering the faculty share even further may  also
e beneficial, but our data reveal little about the counterfactual of a
ero percent royalty share. Even if few researchers are aware of or
esponsive to the precise rate, they may  at least be aware that they
ould expect some financial compensation for patenting.) Any other
ncentives that patents might provide to academics—such as repu-
ational benefits or encouragement of faculty-run spin-offs—would
ot seem to be affected by such a change. At the same time, decreas-

ng inventors’ shares of patent income would increase universities’
hares, which Bayh–Dole requires universities to reinvest in science
esearch or education.

. Can researcher incentives help justify Bayh–Dole?
Universities, other nonprofits, and government research labora-
ories conduct a significant fraction of U.S. research, but they rarely
ommercialize the results of this research themselves. Indeed,

5 This would not be the case if universities that provide higher faculty royalty
hares are able to save money by offering lower faculty salaries, as one might expect
n  a fully efficient labor market. Given that most university faculty never patent and
hat other economic concerns seem far more salient, we would not expect royalty
haring rates to have a measurable effect on salary. But our normative conclusion
olds whether our null result is caused by comparatively low faculty interest in
atent royalties or by offsetting policy instruments for compensating faculty.
of Law and Economics 61 (2020) 105883 3

much university research is focused on basic scientific findings that
are far from any practical consumer good, though they may  have
substantial payoffs for more applied work in the future. Thus, a
NASA-funded Stanford biologist can send ants to space even though
Stanford has no plans to make space-ant-related products, and
researchers at the National Institutes of Health (NIH) can study the
genetic causes of sleep duration in fruit flies without any immedi-
ate commercial tie-in. Unlike researchers at for-profit firms, whose
work is usually funded by their firms and driven by the firms’ busi-
ness interests, nonprofit and government researchers are typically
funded by grants and other direct support: In 2013, the federal gov-
ernment spent almost $50 billion funding its own  research centers,
and over $40 billion more on grants to universities and nonprofits
(National Science Foundation, 2016).

Some of this publicly funded research results in inventions that
meet the requirements for patentability: being patent-eligible sub-
ject matter, as well as useful, new, and nonobvious. But before
1980, the federal agencies that distributed this funding and that
conducted intramural research had inconsistent policies on who, if
anyone, could patent these inventions (Eisenberg, 1996). To address
this uncertainty, Congress passed the Bayh–Dole Act (and the
lesser-known Stevenson–Wydler Act for government labs), which
established uniform rules to make it clear that institutions may
patent inventions derived from government-sponsored research.

The case for patents on publicly funded knowledge goods is
strongest when some additional incentive is needed to commer-
cialize those goods for public consumption, even after their initial
invention is complete. For example, if universities were not per-
mitted to patent a promising drug candidate, it is unlikely that
any pharmaceutical firm would carry out the clinical trials needed
to bring the drug to market (Roin, 2009). This ex post commer-
cialization benefit is the first-listed goal in Bayh–Dole’s statutory
text, and it is the foundation on which Bayh–Dole defenders rest
their case today. The Economist called the Act “[p]ossibly the most
inspired piece of legislation to be enacted in America over the past
half-century” because it prevents federally funded inventions from
remaining “in warehouses gathering dust” (Economist, 2002).

But as Ayres and Ouellette (2016) have explained, this com-
mercialization benefit alone cannot justify Bayh–Dole’s present
scope. The promise of exclusivity is evidently not always needed to
commercialize university inventions because over 60 % of patent
licenses issued by universities are nonexclusive (AUTM, 2014). (In
theory, a university might maximize profits through cartel rather
than monopoly profits to hedge against the possibility that its first
licensee turns out to be a bad commercializer, but we have not
heard of any university following such a strategy.)

One well-known example in which patents were unnecessary
for commercialization involves Stanford’s Cohen–Boyer patents
on recombinant DNA technology, which were licensed nonex-
clusively to over 400 firms to bring in $255 million to Stanford
(Leute, 2005). It is hard to generate a theory under which these
patents aided commercialization; rather, they look like a tax on
the early biotechnology industry (Eisenberg, 1996). Similarly, the
methods of introducing genes for foreign proteins into cells covered
by Columbia’s notorious Axel patents were foundational tech-
nologies that surely would have achieved widespread use even
without patents—though they brought in $790 million in revenue
through nonexclusive licensing to Columbia (Colaianni and Cook-
Deegan, 2009). For other examples in which university patents
have seemed unnecessary for commercialization, see Hemel and
Ouellette (2017). If Bayh–Dole patents are justified only by their
commercialization incentive, then universities and other grantees

could use a “market test” to limit patents to those inventions
that would not be commercialized without patents (Ayres and
Ouellette, 2016).
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Thus, Bayh–Dole defenders must set forth other evidence of the
ct’s benefits. In cases where exclusivity is unnecessary for com-
ercialization, do patents on publicly funded knowledge goods

ave other benefits that outweigh their costs? For example, in
n era of declining federal science funding, perhaps a tax on
niversity-developed technologies is the most politically feasi-
le way to fund science research and education. Raising revenue
or universities is not why Bayh–Dole was enacted. As Eisenberg
nd Cook-Deegan (2018) summarize, “the argument was  not even
ade,” and “even now, the revenue-for-universities rationale is

aised only sotto voce, if at all.” But this may  in fact be the best
ustification for Bayh–Dole patents that are unnecessary for com-

ercialization. A related benefit—recently explored by Hemel and
uellette (2017)—is that such patents allow the United States to

nternalize some of the positive externalities that these inventions
onfer on foreign consumers. But this potential benefit only applies
o foreign patents; it cannot justify patents that merely raise prices
f these knowledge goods for U.S. consumers.

In this article, we focus on a different potential benefit: increased
ncentives for individual innovators. The ex ante incentive to invent
ue to the prospect of a financial reward is the standard justi-
cation for patents (Lemley, 2004). And the Bayh–Dole statute,
5 U.S.C. §  202(c)(7)(B), requires university and nonprofit inventors
o receive a share of patent royalties, though it leaves the size
f the share to the discretion of the institution. (In contrast, the
tevenson–Wydler Act, 15 U.S.C. §  3710c(a)(1)(A)(i), specifies that
nventors at government laboratories receive the first $2000 of roy-
lties each year plus 15 % of any additional royalties.) This financial
ncentive might thus be expected to increase the quality or quantity
f university research.

Legal scholars have typically assumed that this incentive effect
ust be negligible given the other incentives university researchers

ave to innovate, such as the desire for tenure and recognition
Eisenberg, 1996; Rai, 1999; Lemley, 2008; Love, 2014). The net
ffect could even be negative if financial incentives cause aca-
emics to shift their work away from more socially valuable but
npatentable research. But we do not think that the potential incen-
ive benefit of patents for university researchers can be dismissed
s a matter of theory—mixing grants and patents may  shift research
oward more socially valuable work by tying part of the reward from
rant-funded work to market value (Hemel and Ouellette, 2019).

Distinguishing between these competing hypotheses is difficult
ithout more information about the complex blend of incentives

hat drives academics to conduct research, and how financial incen-
ives affect those motivations. We  turn to these questions in the
ext section.

. What motivates university researchers?

Before evaluating the potential effect of patent incentives on
cademic researchers, it is important to understand the environ-
ent in which their research takes place. We  thus begin with an

verview of the economics of academic research. We  then turn the
nancial and non-financial benefits that patents might have for uni-
ersity researchers and examines both qualitative and quantitative
fforts to explore how patents affect researchers’ motivations.

.1. The economics of academic research

Science is expensive. When a researcher begins a new science
r engineering faculty position, she typically receives a start-up

ackage of roughly $300,000 to $1 million in unrestricted funds
o cover the initial costs of setting up and running her laboratory
Hoag, 2015). After this start-up period, the researcher must find
rant support to pay all of her research costs and, at most univer-
of Law and Economics 61 (2020) 105883

sities, all or part of her salary (Guberman et al., 2006). As Stephan
(2012) explains, “[m]ost academic scientists in the United States
are hired on nine-to ten-month contracts. It is the grant that pays
for their summer, not the institution.”

Research costs include not only the cost of equipment, but also
the cost of staffing the laboratory with graduate students, post-
doctoral researchers (who typically spend one to five years in a
lab while looking for a more permanent position), and techni-
cians (more permanent employees who often do not have a PhD.)
(Stephan, 2012). The average size of a university laboratory varies
by field, by university, and over time; for example, Conti and Liu
(2015) found that from 1966 to 2000, the average number of per-
sonnel in an MIT  biology laboratory in addition to the principle
investigator increased from six to twelve. Unlike in the social sci-
ences, laboratory personnel are an integral and necessary part of
a science or engineering faculty member’s research team. It is
unusual, for example, for a science graduate student to publish a
paper that does not include her faculty mentor as an author, or for a
faculty member to solo-author a research publication (Jones et al.,
2008).

On top of these equipment and personnel expenditures, a faculty
researcher must pay an overhead rate to the university, which aver-
ages 52 % for NIH grants—meaning that for every $100,000 spent on
research, the faculty member must also pay $52,000 to cover the
university’s “indirect costs” of maintaining facilities and comply-
ing with regulations (and, in practice, paying for other researchers’
start-up packages) (Kaiser, 2017). Overhead rates had been even
higher before an incident with Stanford in the 1990s caught the
eye of government auditors (Stephan, 2012). When salary, bene-
fits, tuition, and overhead are all included, each graduate student
costs the principal investigator roughly $50,000 to $100,000 per
year, depending on the university.

To support these expenses, faculty must apply for grants. Unlike
for private firms, there is not currently a market for loans to aca-
demic scientists to cover the costs of promising research with the
hope of repaying those loans through profits or patent royalties. Of
course, grants are not the only potential funding model: it would
be possible to design a system in which grants reimburse only a
fraction of the costs of academic research, and the ongoing decline
in federal science funding may  spur the development of alterna-
tives (Mervis, 2017). But for now, university researchers must find
money before they spend it.

According to the National Science Foundation (2016), in 2013,
of the $65 billion universities spent on research, 57 % came from
the federal government, 24 % from the universities (though some
of this funding came from overhead charged on federal grants), 8 %
from nonprofits (such as the Howard Hughes Medical Institute), 6 %
from nonfederal governments, and 5 % from private firms. Six agen-
cies distribute over 92 % of federal funding for academic research;
in declining order of support, they are the Department of Health
and Human Services (which houses the NIH and provides over
50 % of federal funding), the National Science Foundation (NSF),
the Department of Defense, the Department of Energy, NASA, and
the Department of Agriculture. The NIH offers a number of grant
options, the most common of which is a four- or five-year award
for a single project, which had an average size of over $400,000 and
an application success rate of less than 20 % in 2016.

Each new grant facilitates additional research. One resulting
benefit is to make it easier to apply for even more grants: prelimi-
nary research results are often necessary to obtain a federal grant,
and one grant can be used to obtain preliminary findings to sup-
port a second grant (Guberman et al., 2006; Stephan, 2012). (A key

reason universities provide start-up funding is to allow faculty to
obtain preliminary results to submit with their initial grant appli-
cations.) Federal grant recipients are also required to report their
results to the funding agency, and it is far easier to renew a grant
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f the researcher has demonstrated substantial progress (Stephan,
012; Powell, 2017).

But the primary outcome of conducting grant-funded research is
he production of new—and ideally publishable—scientific results.
eer-reviewed publications are the currency of science academia.
hey are essential for obtaining a faculty position (van Dijk et al.,
014). Publications are also essential for keeping a faculty posi-
ion, as they are the primary consideration in tenure decisions
Guberman et al., 2006). And they are important for helping one’s
ostdocs obtain faculty positions of their own; without a good track
ecord of placing postdocs, hiring new postdocs will be difficult.

In addition to these instrumental benefits, the opportunity to
iscover new knowledge and disseminate it through publications is
art of what draws many researchers to academia. The intellectual
hallenge of producing new scientific findings is often presented
s scientific researchers’ main motivation: to many, it is the point
f the entire expensive enterprise. As Stephan (2012) summarized:
Ask almost any scientist what led him or her to become a scientist
nd the answer will be an interest in solving puzzles.” The idealized
ision of a scientific community focused on generating new knowl-
dge through norms such as disinterestedness and communalism
s perhaps best encapsulated by the pioneering sociology work of

erton (1973).
Other scholars have critiqued this romanticized view, argu-

ng that scientists should instead be viewed as rational strategists
ho seek to maximize credibility, as measured both through con-

rete metrics like publications and grants as well as through more
ntangible markers of prestige. For example, Lam (2011) uses the
ramework of “gold” (financial rewards), “ribbon” (reputational
ewards), and “puzzle” (intrinsic satisfaction) to describe the multi-
imensional nature of the scientific reward system. A new research
nding—as conveyed through a publication—can further all of these
oals: it is the solution to an intellectual puzzle that can lead to rep-
tational rewards, which in turn can provide pecuniary gains. By

ncreasing a faculty researcher’s reputation among peers, publica-
ions make it more likely that the researcher will receive tenure
nd keep her faculty salary, and they also make it more likely that
he researcher will receive additional grants to fund the portion of
er salary that is not covered by her university. But isolating how

aculty researchers weigh these different benefits is more challeng-
ng.

We will not attempt to canvas the full literature on the moti-
ations of academic scientists; rather, we are interested in what
his literature has to say about a particular question: What hap-
ens when the prospect of a financial return from patents is added
o this blend of incentives?

.2. The effect of patents: theory and evidence

As Ouellette and Weires (2020) review, the patent incentive
ould have a variety of positive or negative effects on academic
esearch, although none of these theories have strong empirical
upport in existing qualitative or quantitative studies. It is also
orth emphasizing that patenting is a minority activity: most

cademics never patent, and most university–industry knowl-
dge transfer occurs through non-patent channels (Agrawal and
enderson, 2002).

The prospect of obtaining patents could have at least three inde-
endent benefits for researchers: (1) the financial effect from both
atent royalties and patent-based faculty-run spin-offs; (2) the rep-
tational effect of receiving credit for a particular novel idea (with
atents even being considered in some tenure decisions, as Stevens

t al. (2011) note); and (3) the social impact effect on adoption of
he inventor’s technology, which may  have intrinsic benefits for
nventors who care about promoting the public good with new
echnologies or about validation of their research, even aside from
of Law and Economics 61 (2020) 105883 5

financial or reputational returns. This article focuses on the finan-
cial effect of patent royalties, but other potential benefits seem
worth further investigation.

Interview and survey work with university researchers has
found that financial incentives play at most a small role among
reported motivations for patenting (Owen-Smith and Powell, 2001;
Renault, 2006; Lam, 2011). Of course, there may  be a perceived
stigma against expressing an interest in financial gain in an aca-
demic environment, so it is unclear how informative these results
are. It would be difficult to claim that faculty are uninterested
in money; for example, as noted above, they typically use part
of their research funding to pay salary to themselves rather than
leaving all the funds for science. But as Ouellette and Weires
(2020) summarize, “this does not mean that the financial incentive
from patents matters—for most professors, the ability to main-
tain a steady stream of grants to pay summer salary each year is
likely a more immediate financial concern than speculative patent
royalties.” Many faculty are not even aware of their university’s
royalty-sharing policy (Love, 2014).

Of course, an assessment of the net ex ante effect of patent
incentives on university researchers must also consider the poten-
tial for negative effects. Legal scholars have expressed concern
about the impact that property rights might have on scientific
norms and academics’ willingness to openly share their results with
other researchers (Rai, 1999; Bagley, 2006). There is some evidence
that patenting may  delay disclosure (Grushcow, 2004), but patents
do not seem to be substituting for publications. To the contrary,
patents and publications seem to be complementary, with some
evidence suggesting that patenting researchers produce more and
higher-quality work (Azoulay et al., 2007, 2009; Goldfarb et al.,
2009; Fabrizio and Di Minin, 2008). There is also little evidence
that the rise of university patenting has been accompanied by a
shift away from more basic research (Mowery et al., 2001; Thursby
and Thursby, 2011; Schacht, 2012; Roach, 2017).

3.3. Prior work on university royalty-sharing

In this article, we attempt to disentangle patents’ financial
incentive for academic researchers from other effects, allowing
us to better understand Bayh–Dole’s researcher-level impact. We
do so by examining variations in the amount of patent royalties
that universities share with inventors. As noted above, in addi-
tion to specifying that universities may  patent inventions created
under federal grants, Bayh–Dole requires universities to share the
resulting patent royalties with the inventors. Fortuitously, differ-
ent universities offer their researchers different shares of patent
royalty revenue, and some universities change these policies over
time. That disparity offers the opportunity to determine empiri-
cally whether offering inventors a greater share of patent revenue
has any observable outcome.

We are not the first to notice and exploit the opportunity pro-
vided by disparate university patent-royalty-sharing policies. Saul
Lach and Mark Schankerman (L&S) collected royalty-share data
from 102 U.S. university websites in 2001, which they combined
with 1991–1999 survey data from the Association of University
Technology Managers (AUTM) to conclude that a higher inven-
tor’s royalty share caused higher licensing income at the university,
controlling for other factors (Lach and Schankerman, 2004, 2008).
To estimate how royalty shares affect licensing income, they
conducted a cross-sectional analysis comparing licensing income
across universities with different royalty share rates, controlling
for other observable university characteristics such as faculty size

and quality. This identification strategy relies on the assumption
that university royalty shares are, conditional on the other char-
acteristics for which they control, unrelated to factors that shape
licensing income. They argue in favor of this assumption based on
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contributions are equal. But they are the outcomes one would
expect to be most directly affected by the financial patent incentive
for university researchers.

6 More precisely, Fig. 1 shows the number of distinct reporting entities. Some uni-
 L.L. Ouellette and A. Tutt / International R

 finding that university royalty shares appear largely unrelated to
ther university characteristics in the data they study.

Efforts to follow this approach in the European context have
ad mixed results. Baldini (2010) found that royalties shared with

nventors or their departments had a significant positive effect on
he number of patents filed by Italian universities. In contrast, Pere
rqué-Castells et al. (2016) found that royalty shares had no sig-
ificant effect on patenting or licensing income in Portugal and
pain.

The strongest evidence that academics respond to patent incen-
ives comes from Hvide and Jones (2018), who found that Norway’s
003 switch from inventor ownership (the “professor’s privilege”)
o university ownership (with one-third of net income shared
ith inventors) was followed by a fifty percent decline in both

ntrepreneurship (as measured by start-up formation and perfor-
ance) and patent counts. But this result does not imply that U.S.

cademics are sensitive to the specific patent royalty share, as sum-
arized by Ouellette and Weires (2020): “It is unclear how this

olicy change (a change in title) compares with varying the share
f inventor royalty income within a system in which the univer-
ity holds title. Additionally, the faculty labor market in Norway
as important differences from the United States that might cause
orwegian academics to be more sensitive to additional income

ources: salaries are collective negotiations between trade unions
nd the state, and overall compensation is comparatively low, with

 maximum annual salary for full professors around US$122,000 in
008, and a median around US$73,000.”

. Does royalty sharing with inventors affect U.S. university
atenting and licensing?

We  follow L&S’s approach of examining variations in the amount
f patent royalties that U.S. universities share with inventors. In
ddition to attempting to replicate their work, we  conduct addi-
ional analyses using an expanded range of years (1991–2013), a
arger range of universities, additional outcome variables, and an
dditional identification strategy with university and year fixed
ffects that relies on a more plausible set of assumptions. We
escribe our data sources in Section 4.1, our cross-sectional results

n Section 4.2, and our panel data results in Section 4.3. Section
.4 then presents an additional analysis of lateral moves between
niversities by the most active patenters among university faculty.
one of these analyses support the claim that increasing the share
f patent royalties for an inventor in a university’s official policy
auses inventors to increase their patent-related activity, calling
nto question the incentive effects of Bayh–Dole. Finally, Section
.5 offers some caveats to extrapolating beyond these results.

.1. Data

We  merged data from a number of sources, including the same
ources of data as L&S (survey data collected by AUTM and by
he National Research Council (NRC)), as well as our own  hand-
ollected data on university patent royalty-sharing policies. Our
ata and replication files are available on the Harvard Dataverse at
ttps://doi.org/10.7910/DVN/TTGFW2. At the end of this section,
e consider the various choices for converting nonlinear royalty-

haring policies into a single effective royalty share, and how this
ffective royalty share is related to observable university charac-
eristics.

.1.1. AUTM licensing surveys 1991–2013

AUTM is a nonprofit organization representing IP managers at

he TTOs of over three hundred universities, research institutions,
nd teaching hospitals. AUTM conducts an annual survey about
atenting and licensing activity, and responses are compiled in the
Fig. 1. Number of U.S. universities in AUTM’s STATT database per year.

Statistics Access for Tech Transfer (STATT) database (AUTM, 2014,
2015). Fig. 1 shows the number of U.S. universities in the database
by year from 1991 to 2013.6

We  compiled the following outcome variables for each univer-
sity based on the AUTM survey data:

• Invention disclosures (mean = 92, std. dev. = 130) indicate the
number of disclosures made to the TTO about potential new
inventions each year, “no matter how comprehensive.” These
disclosures typically initiate the TTO’s process for determining
whether a patent application should be filed, although many dis-
closures do not lead to patent applications.

• New patent applications (mean = 51, std. dev. = 87) indicate “the
first filing of the patentable subject matter,” including provisional
applications, but not including continuations, divisions, or reis-
sues.

• New patents issued (mean = 21, std. dev. = 33) indicates the num-
ber of new issued U.S. patents in a given year.

• Net licensing income (mean = $8 M,  std. dev. = $31 M) = gross licens-
ing income (mean = $8 M,  std. dev. = $31 M)  – legal fees (mean =
$1 M,  std. dev. = $3 M)  + reimbursed legal fees (mean = $0.6 M,
std. dev. = $1.5 M).  Gross licensing income includes “license issue
fees, payments under options, annual minimums, running royal-
ties, termination payments, the amount of equity received when
cashed-in, and software and biological material end-user license
fees equal to $1000 or more”; legal fees include “the amount
spent by an institution in external legal fees for patents” but
not litigation expenses; and reimbursed legal fees include “the
amount reimbursed by licensees.” Approximately 20 % of uni-
versities report negative net licensing income across the years
observed.

Net patent licensing income is the outcome studied by L&S. They
used invention disclosures to estimate the expected income per dis-
closure, but did not use disclosures, patent applications, or issued
patents as outcome variables. These outcomes are imperfectly (or
even negatively) correlated with social value: not all patents and
versity systems (such as the University of California System) complete one aggregate
report each year, while others (such as the University of Illinois at Chicago and the
University of Illinois at Urbana-Champaign) report separately. Others changed over
time; for example, the University of Texas System began submitting an aggregated
report in 2009.

https://doi.org/10.7910/DVN/TTGFW2
https://doi.org/10.7910/DVN/TTGFW2
https://doi.org/10.7910/DVN/TTGFW2
https://doi.org/10.7910/DVN/TTGFW2
https://doi.org/10.7910/DVN/TTGFW2
https://doi.org/10.7910/DVN/TTGFW2
https://doi.org/10.7910/DVN/TTGFW2
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We  also gathered the following variables that were used by L&S
s controls in at least some regressions, although they note that
ome of these—particularly TTO size—may be endogenous.

TTO size (mean = 4.2, std. dev. = 6.4) is the number of full-time
equivalent (FTE) employees in the TTO “whose duties are specif-
ically involved with the licensing and patenting process.” This
information was not reported in 1991, so we used the 1992 data
for 1991, following L&S.
TTO age (mean = 17, std. dev. = 13) is measured from the year the
TTO was established, as reported to AUTM.
Med  school dummy (mean = 0.6, std. dev. = 0.5) indicates whether
the university has a medical school.
R&D funding (mean = $236 M,  std. dev. = $362 M)  “include expen-
ditures (not new awards) made by the institution in the survey
year in support of its research activities that are funded by all
sources including the federal government, local government,
industry, foundations, voluntary health organizations . . .,  and
other nonprofit organizations. Indirect costs should be included.”
Although excess patent licensing income must be directed to
science research and education, net licensing income (an upper
bound on the amount of patent income going to R&D) is almost
always much less than R&D funding: the mean of net licensing
income / R&D funding is 0.02 (std. dev. = 0.09).7

.1.2. NRC graduate program surveys 1992–93 and 2005–06
To provide additional control variables for faculty size, research

rientation, and research quality, we followed L&S in using data
rom the 1992–93 academic year provided by schools that partici-
ated in the NRC’s survey of graduate programs (National Research
ouncil, 1995).8 To add more recent information, we  also gathered
ata from the NRC’s 2005–06 survey (National Research Council,
011). We  calculated the following data from these reports:

Faculty size is the total number of faculty in the science and engi-
neering programs reported in the survey.
Publications per faculty / citations per faculty are the number of
program publications / citations per faculty in the period 1988–92
(for the 1992–93 report) or 2000–06 (for the 2005–06 report).
Quality (for 1992–93 survey only) is the trimmed mean of
the scholarly quality of the program faculty based on survey
responses from faculty at other institutions, with “0” denoting
“Not sufficient for doctoral education” and “5” denoting “Dis-
tinguished.” The quality results for individual programs were
aggregated to the university level using faculty weights.
Science fields: The 23 science and engineering doctoral programs
in the 1992–93 survey and the 38 programs in the 2005–06 survey

were aggregated into six broader fields, as shown in Table 1. For
the 1992–93 survey, we followed L&S. For the 2005–06 survey,
we attempted to match this categorization.

7 There are only three universities that have any year in which net licensing
ncome / R&D funding is greater than one: Emory in 2005 (1.7), NYU in 2007 (2.7),
nd Northwestern in 2008 (2.2). In all three cases, the anomalously high licensing
ncome for that year was due to the sale of the entire future royalty stream from one
uccessful drug. In none of the three cases was  there a corresponding spike in the
otal R&D funding, raising questions about how directly these returns were invested
n  science research and education. For the 1991–99 period studied by L&S, the max-
mum net licensing income / R&D funding is 0.43, for Florida State in 1999 (also for

 pharmaceutical).
8 We used Appendix K on engineering programs, Appendix L on life science pro-

rams, and Appendix N on biological sciences. Data were hand-coded from the print
urvey results with the help of optical character recognition.
of Law and Economics 61 (2020) 105883 7

4.1.3. University royalty-sharing policies
University policies for sharing patent royalties with inventors

were primarily gathered from the websites of each university TTO.
L&S state that their royalty-share information for 102 U.S. uni-
versities “was downloaded from the websites of each university
technology licensing office during the summer of 2001.” Because
L&S did not initially respond to requests to share their data or their
list of universities (which is not reported in their publications), we
searched for policy information for the 152 U.S. universities whose
first AUTM reporting year was in the 1990s and that were in the
NRC 1992–93 report.

L&S did generously share some of their data in September 2018.
As explained below, to facilitate comparison of complex royalty-
sharing policies, they converted each policy to a single expected
inventors’ share. Appendix Table A1 compares their expected
inventors’ share with the key royalty-sharing policy information
we independently gathered for 101 U.S. universities: 34 private
universities and 67 public universities. (The total is 101 rather than
102 because one school on Lach and Schankerman’s list of public
U.S. universities is the University of Victoria, which is located in
Canada.) Discrepancies between their data and ours are discussed
further below.

For each of the 152 universities in our dataset, we attempted to
locate policies at least as far back as the first year the university
reported to AUTM. For universities that only presented the most
recent policy on their websites, we  used the Internet Archive to
access older versions. We also contacted TTOs individually by email
to check the online information and to clarify points of confusion.
The royalty-sharing policies we  found are documented at http://
universitypatentdata.com. For 141 out of 152 schools, we were able
to obtain policy information at least back to 2001, the year when
L&S collected policies. For 32 of those 141 schools, we  were unable
to confirm that the 2001 policy was in effect for as long as the uni-
versity had been reporting to AUTM. It appears that L&S treated
the 2001 policy as applying throughout the 1990s except for the
11 universities that informed them of an earlier policy, in which
case they averaged the old and new shares. Our dataset contains
27 universities that changed their policy before 2001.

Our complete dataset reflects 237 separate policies: out of 152
universities, 83 (55 %) had the same policy for all the years in our
dataset, 55 (36 %) changed their policy once, 12 (8 %) changed their
policy twice, and 2 schools (1 %) changed their policy three times.
A few university systems changed the way they aggregate data for
AUTM reporting during the 2000s; for example, the University of
Texas system reported as separate universities from 1991 to 2008,
and then as a single system starting in 2009. When we perform
analyses in this article that include later years, we aggregate data
for these schools in the earlier years as well. With aggregation, our
data reflects 217 separate policies for 141 universities, as shown in
Fig. 2.

The typical policy provides the inventor with a share of net
patent royalties as personal income, after subtracting legal fees and
sometimes a fixed overhead fee for the TTO. The inventor’s royalty
share is often nonlinear, decreasing as net royalties increase (that is,
as the patent earns more money). Some policies also give inventors

control of an additional share of royalties as research support for
their laboratories.9 For example, from 1981 to 2005, Brown Univer-
sity gave inventors 50 % of the first $100,000 of net licensing income

9 Following L&S, our data includes royalties as part of this laboratory share only
if  “the university’s IP policy states that the share accruing to the lab was  under the
control of the inventor.” We thus did not include royalties given to the inventors’
department. In practice, the department’s share is sometimes directed to the inven-
tor’s  lab at the discretion of the department chair, with practices varying even within
a  given university across departments and time.

http://universitypatentdata.com
http://universitypatentdata.com
http://universitypatentdata.com
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Table  1
Categorization of Science and Engineering Fields from NRC Surveys.

Field 1992–93 NRC Survey 2005–06 NRC Survey

biomedical and
genetics

biochemical/molecular biology; biomedical engineering;
cell and developmental biology; molecular and general
genetics

biochemistry, biophysics, and structural biology; biomedical engineering and
bioengineering; cell and developmental biology; genetics and genomics;
immunology and infectious disease

other  biological
sciences

ecology/evolution and behavior; neurosciences;
pharmacology; physiology

animal sciences; biology/integrated biology; ecology and evolutionary
biology; entomology; food science; forestry and forest sciences; kinesiology;
microbiology; neuroscience and neurobiology; nursing; nutrition;
pharmacology, toxicology and environmental health; physiology; plant
sciences; public health

computer science computer sciences computer sciences
chemical science chemical engineering; chemistry chemical engineering; chemistry
engineering aerospace; civil engineering; electrical engineering;

industrial engineering; material science; mechanical
engineering

aerospace; civil and environmental engineering; computer engineering;
electrical and computer engineering; engineering science and materials;
materials science and engineering; mechanical engineering; operations

physical science astrophysics/astronomy; geosciences; mathematics;
oceanography; physics; statistics/biomedical statistics
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of patent applications filed, or (c) the number of new issued patents
ig. 2. Universities with royalty share policies, AUTM reporting, and NRC data.

s personal income, 25 % of any net income between $100,000 and
1 million, and 20 % of net income in excess of $1 million. Starting
n May  2005, Brown added a 15 % overhead fee before other shares
re calculated, changed the inventor’s personal share to a flat 1/3 of
et income (minus the overhead fee), and also provided a 1/6 share

or the inventor’s laboratory.
For 12 universities (16 policies), at least one of the policies

omputes the inventor’s share out of gross royalties, and another
1 universities (14 policies) used some hybrid, such as of giving
he inventor the first $5000 of gross income and then 40 % of net
ncome. We  omitted these policies from our analysis because it is
nclear how these variations might affect the inventor’s expected

ncome. For example, inventors might focus on the number and
ssume that a 40 % share of net income is larger than a 30 % share
f gross income, or they might recognize that most patents gener-
te little net income, so that gross-income policies have a higher
xpected value. With these gross-income policies dropped, our
ataset contains 207 net income policies for 140 schools. L&S’s
ublications do not state how they treated policies based on gross
oyalties, but 10 of the schools in their dataset have gross-income
olicies, which they appear to have treated identically to net-

ncome policies. Because of the substantial legal costs of acquiring
nd licensing patent rights, it seems inappropriate to directly com-
are these policies with net-income policies.

Fig. 3(A) shows the average royalty share in each of the seven
et income bands used by L&S for all 207 of these policies, separat-
ng out the inventor’s personal income share and the share for the
nventor’s laboratory (which is only provided by 49 of the policies).
ig. 3(B) shows the average royalty share in each income band for
research
applied mathematics; astrophysics and astronomy; earth sciences;

mathematics; oceanography; physics; statistics

only the 79 policies in which the reward increases nonlinearly with
net income, 22 of which provide a laboratory share. While the lab-
oratory share sometimes increases in higher net income bands, for
every policy in our dataset, the inventor’s personal share remains
constant or declines as the patent generates additional net income.

Fig. 4(A) shows that the average inventor’s royalty share (not
including any lab share) in each net income band has remained
relatively constant over time. When the nonlinear policies are sep-
arated from the linear ones in Fig. 4(B), we  see that the mean share
in linear policies has slightly declined over time, whereas the mean
share in nonlinear policies has increased in every income band, but
these changes are not statistically significant. (The mean share in
linear policies declined 3 % from 1991 to 2017, while the standard
deviation was  over 7 % for this whole period.)

These averages mask the substantial changes in the policies of
some individual schools. For example, in 1994 Caltech switched
from sharing 15 %–25 % of net licensing income, in 2004 the Univer-
sity of Washington switched from sharing 100 % of initial revenues
to a flat rate of 33 %, and in 2005 the University of Iowa switched
from a flat rate of 25 % to sharing 100 % of initial patent revenues.

4.1.4. Calculating an expected royalty share
To compare the incentive effect of nonlinear royalty-sharing

policies with linear ones, it is necessary to consider how desirable
these might appear from the perspective of academic scientists.
For policies with linear royalty share schedules, this is straightfor-
ward: all else equal, an inventor should prefer receiving 50 % of
net licensing income to 30 %. But comparing a linear policy with a
nonlinear policy is more challenging. For example, is a policy that
provides inventors with 50 % of the first $100,000 of net licensing
income and 10 % after that more or less attractive ex ante than a
flat rate of 30 % of all net income? Of course, the answer to this will
be heterogeneous across university, field, and individual professor,
with faculty who  expect high income having a different change in
incentives from faculty who expect low income. But quantitative
cross-school comparisons are easiest if each nonlinear policy can be
reduced to a single expected royalty share. As noted below, we  con-
duct some analyses using only schools that provide a flat rate for all
licensing income, which would not be affected by this complication.

Most inventions bring in less than $50,000 of licensing income,
as can be roughly illustrated by dividing the university-wide net
licensing income reported to AUTM by a university in a given year
by (a) the number of invention disclosures received, (b) the number
each year. Fig. 5 shows the kernel density estimate of these distri-
butions for two  time periods: 1991–99 (the period considered by
L&S) and 2000–13 (the remainder of our dataset). Note that income
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Fig. 3. Mean patent royalty share for inventor (as personal income) and for inventor’s laboratory based on net royalties received, averaged across all policies.

Fig. 4. Mean patent royalty share for inventor from 1993 to 2017.
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Table 2
Cumulative Distribution from Fig. 5 Under Given Caps.

Distribution $10k $50k $100k $300k $500k

income per disclosure 1991–99
(Cf. L&S)

51 % 85 % 92 % 98 % 99.5 %

income per disclosure 2000–13 41 % 74 % 85 % 96 % 98 %
income per patent app 1991–99 28 % 61 % 77 % 93 % 96 %
income per patent app 2000–13 31 % 59 % 72 % 90 % 94 %

96.3 % of the distribution under $50,000. Thus, they conclude that
“for practical purposes a good approximation is simply to average
the first two sharing rates.” Table 2 shows that our distributions are
ig. 5. Distributions of net licensing income per disclosure or patent application.

n any given year will generally stem from patent applications filed
n earlier years—the AUTM dataset does not enable attribution of
ncome to a particular patent—but the distributions in Fig. 5 still
oughly approximate the patent income universities bring in per
isclosure / application / issued patent.

If inventors recognize that most inventions bring in relatively

ow levels of net income, the expected royalty share for nonlinear
chedules should be skewed toward the share provided in the
ower income bands. L&S computed their expected royalty share
income per patent 1991-99 23 % 49 % 67 % 87 % 91 %
income per patent 2000-13 17 % 32 % 46 % 69 % 78 %

for the nonlinear royalty schedules by weighting the share in each
income band by the probability of observing licensing income in
that interval based on the kernel density of the licensing income
per disclosure in the period 1991–99, as in the solid line in Fig. 5.10

(A kernel density estimate is basically derived by fitting a smooth
curve to a histogram.) They found that “[n]early all of the weight is
on the first two  income intervals—50.2 % in the 0–$10,000 interval
and 46.1 % in the $10,000–$50,000 bracket,” for a combined
10 Our distribution for the solid line in Fig. 5 is based on 770 income-per-disclosure
data points from the 1991–99 AUTM survey results, while L&S’s is based on 723,
perhaps because they eliminated schools for which they did not have policy infor-
mation.
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ot quite so heavily weighted toward the first two income bands,
ut that these bands are weighted more heavily than later ones.

It is not obvious, however, that L&S’s assumptions reflect
ow academic scientists would compare different policies. Their
ethodology does not account for heterogeneity across fields, and

t treats all universities equally, so that a researcher at Stanford
where the mean net licensing income per disclosure is about
160,000) expects the same licensing income as a researcher at
lorida Atlantic University (where the mean net licensing income
er disclosure is just under $0, meaning that they spend more on
atent-related legal fees than they make in licensing income). (Out
f 3081 university–year observations of net licensing income in the
ull AUTM dataset, 555, or 18 %, are less than zero.) Moreover, they
ssume that inventors have some knowledge of the average income
er disclosure across universities, and that they base their expecta-
ions on this, rather than the income per application, or per issued
atent, or per similar invention.11 Researchers should not expect
ny share unless they expect their invention to be patentable, so it
s unclear that invention disclosures are the right denominator.

Inventors might also focus more on the average royalty rate per
ollar earned rather than the average royalty per invention, so that
ven though the vast majority of inventions fall in the lower net
ncome bands, the few blockbusters that bring in the most income

ay  be driving assessments of the relevant royalty rate. Relatedly,
nventors may  be overly optimistic about the likelihood that their

ork will fall within the high end of the income tail (Åstebro et al.,
007), or they may  be risk averse, preferring the surer bet of a high
hare of initial net royalties.

An inventor’s expected share may  also vary based on the way
he policy is presented. For example, consider the overhead fee col-
ected by some TTOs before the inventor’s share is calculated. Out
f the 207 net income policies in our dataset, 45 (22 %) had such

 fee, with an average fee of 15 % (std. dev. = 4 %). Based on L&S’s
tatement that they “ made an adjustment for the [TTO]’s overhead
ate, when it was  reported,” we recalculated the inventor’s share to
ccount for these fees, such that a policy with a 20 % overhead rate
nd then a 50 % inventor’s share is treated equivalently to a policy
ith no overhead and a 40 % inventor’s share. But it seems possi-

le that some inventors would focus more on the percentage listed
s their share than on what that share is calculated from, making
he former seem larger, especially because the administrative fee is
ften in a separate section of the policy. And as Table A1 illustrates,

 comparison with L&S’s dataset suggests that they did not in fact
djust shares to account for the TTO’s overhead rate at about 12
niversities, including Stanford and MIT.

Finally, it is not obvious how royalties dedicated to an inven-
or’s research laboratory rather than his or her personal income
hould factor into the expected royalty share. While both per-
onal and research income are certainly valuable, it seems likely

o us that most academic scientists would weight personal income

ore heavily than research income.12 L&S stated that they lumped
oth kinds of income together: “when the university’s IP policy

11 Estimating expected inventor share through use of a kernel density estimate
s  also potentially inappropriate. Outlier universities—such as those with a small
umber of very high-income patents—can substantially skew the distribution. A rea-
onable argument could be made that the average university researcher who  thinks
bout expected license income would expect her income to be normally distributed
round the mean license income of university researchers across all universities, or
erhaps more accurately, across researchers at similar universities in similar fields.
ut while the precise numbers would differ, this would lead to the same general
esult of weighting lower income bands more heavily.
12 If this were not true, we  would expect to observe many science professors fund-
ng their laboratories out of pocket. While we are unaware of any science professors

ho  do so, we  are anecdotally aware of professors who  sometimes choose not to
ake  their summer salary out of their grants. Note, however, that behavioral consid-
rations such as loss aversion might complicate this conclusion—people may  prefer
of Law and Economics 61 (2020) 105883

states that the share accruing to the lab was under the control of
the inventor, we  added it to the inventor’s share.” Examination of
their dataset, however, reveals about 11 universities for which they
did not add the lab share even though the policy indicated that it
was under the inventor’s control, including Columbia, Harvard, and
Johns Hopkins, as shown in Table A1.

Because we  are not confident in any single methodology, we
have calculated expected royalty shares for nonlinear policies using
several different methodologies in our analyses below, including
a weighting scheme approximating that of L&S (50.2 % in the
0–$10,000 band, 46.1 % in the $10,000–$50,000 band, and 3.7 %
in the $50,000–$100,000 band) and weighting these first three or
four net licensing income bands equally (to show that changing
the distribution among lower income bands still does not lead to
statistically significant effects). We  have also done some analyses
using only the schools with linear policies, for which the weighting
of bands is irrelevant. We  conduct some analyses without adjust-
ing for the overhead fee charged by the TTO before net income
is distributed. And we have considered both the combined share
(summing the inventor’s personal share and lab share) and the
inventor’s personal share alone.

Fig. 6 shows the distribution of some of these expected shares
using the 2001 policies (averaged with any different earlier poli-
cies in the 1990s), which can be compared with Fig. 1 of Lach and
Schankerman (2004).

4.1.5. Determinants of royalty shares
L&S treat royalty-share policies as essentially randomly

assigned: they say that policies “are largely unrelated to most
observed university characteristics including faculty size, quality,
research funding, technology mix  of the faculty, and size of the tech-
nology licensing office.” They do find that expected royalty share
is negatively correlated with TTO age, and their p-value for the F-
test for joint significance declines from 0.10 to 0.01 as they add
additional observables to their regressions.13 Table 3 compares lin-
ear regression results for our data (in the first four columns) and
L&S’s data (in the last two columns). A number of our technology
field variables are significant, and the F-test indicates that these
observables are jointly highly significant.

If the royalty share is in fact correlated with observable charac-
teristics of each university, this raises the concern that it will also
be correlated with unobservable factors. For this reason, our pre-
ferred specification is a panel data model that controls for fixed
effects across both universities and time, as we present in Section
4.3. But given the prominence of L&S’s work, we begin in Section
4.2 with their cross-sectional approach.

Of course, even with our panel data model, one endogeneity
concern is that universities might adopt changes to royalty policies
in response to tough times, such as by increasing the inventor’s
share in response to declines in inventor disclosures or in licensing
income. Similarly, they might respond to increases in disclosures or
licensing income by decreasing the inventor’s share. (Analogously,
one might observe that an increase in the size of local police force
corresponds to an increase in the crime rate—a seemingly para-

doxical result unless one realizes that causation runs in reverse: as
crime rates increase, cities hire police.) While we  cannot rule out
this concern, we do not see any striking dips or increases in our

having money donated to a cause that they pre-specify over being given money and
then being asked to donate it.

13 Note that the extra controls that cause this p-value to decrease all the way to
0.01 are the ones that are potentially the result of the shares in the first place, so
the high correlation is not necessarily indicative of shares being set nonrandomly.
But the specification in column 3 does not include those variables and has an F-test
p-value of 0.05, making it difficult to make the case that shares are set basically
randomly. And as noted in the text, the F-test p-value for our data is far smaller.
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Fig. 6. Distributions of 2

utcome variables of interest just prior to changes in university
olicies.

.2. Cross-sectional results

To assess the impact of the inventor’s expected royalty share, we
egin with the same cross-sectional analysis as L&S. Table 4 shows
he results of regressing the natural logarithm of the net licensing
ncome on the expected combined royalty share (including both
ersonal and lab income) and controls from the NRC and AUTM sur-

eys. (L&S regressed on the natural logarithm of net income rather
han net income itself because of the nonlinear relationship they
bserved between inventor royalty share at net license income; we
id not observe a similar relationship.)
xpected royalty shares.

Following L&S, data reported to AUTM is averaged over the
period 1991–99 (excluding the latter portion of our dataset),
and the expected royalty share is based on 2001 policies, aver-
aged with earlier policies where available. The first two columns
show the results from our dataset with different controls, and
with the expected royalty share calculated as described by L&S.
The third and fourth columns repeat the prior two  specifications,
but with the expected royalty share based on personal income
alone (without the lab share), and without correcting for the TTO
overhead. The fifth and sixth columns show L&S’s results. L&S

found a statistically significant coefficient on the expected share
of just over 2, meaning that a 10-percentage-point increase in
the expected share causes over a 20 % increase in net licensing
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Table  3
Determinants of 2001 combined inventor and lab royalty shares (x100).

Combined Share Weighted as in L&S Without Lab Share & Overhead Correction Comparison: L&S (2004) Table 3

1 2 3 4 5 6

NRC survey (1992–93)
Faculty size –0.15 –0.30 0.013 –0.05 –0.52 –1.27
(’00  s) (0.099) (0.42) (0.091) (0.43) (0.40) (0.86)
Quality –2.66 –1.63 –2.60 –2.09 –2.56 –1.28

(2.29)  (1.72) (2.17) (1.58) (3.67) (2.45)
Private –0.14 –0.62 –1.09 –1.48 –1.16 –3.18

(1.99)  (2.26) (2.12) (2.17) (2.91) (2.97)
Publications –0.03 –0.44 0.93
/faculty (0.94) (0.91) (0.97)
Citations 0.03 0.019 –0.14
/faculty (0.05) (0.054) (0.08)
Biomedical 2.58 4.39 2.66 2.85 0.28 0.21

(6.26)  (5.87) (6.18) (5.55) (9.77) (11.6)
Other  14.27* 15.70* 7.90 7.67 –6.42 –4.83
biological (7.73) (7.96) (6.80) (6.59) (9.41) (11.2)
Computer 54.0** 51.1** 59.1** 58.3** 54.1 50.1
science (23.3) (22.3) (24.4) (23.9) (38.1) (42.1)
Chemical –30.3** –27.25** –34.8*** –32.3*** –17.9 –16.1
science (12.6) (13.01) (12.3) (12.1) (9.66) (12.0)
Engineering 2.49 2.50 1.44 2.40 –13.8 –10.7

(8.27)  (8.19) (7.07) (6.89) (13.2) (15.5)
AUTM survey (1991–99 avg)

R&D 0.017* –0.010 0.008
(millions) (0.009) (0.010) (0.016)
TTO  size –0.43 0.50 0.91

(0.59) (0.56) (0.64)
TTO  age –0.17 −0.12 –0.38***

(0.10) (0.14) (0.10)
Constant 50.31*** 48.52*** 52.84*** 50.57*** 57.4***

(7.23)  (6.30) (7.00) (5.90) (13.2)
R2 0.15 0.19 0.17 0.19 0.12 0.19
F-test: p-value 0.0000 0.0000 0.0000 0.0000 0.05 0.01
N  126 123 126 123 102 99

Notes: Robust standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1. Following L&S, expected royalty share includes both personal income and research income
u y earli
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nder the inventor’s control, based on 2001 policies, which were averaged with an
–$10,000 net licensing income band and 46.1 % in the second $10,000–$50,000 ban
easure the percentage of faculty in each field; the omitted field is physical scienc

ncome. We  do not find a statistically significant result in any of
ur specifications.14

After L&S shared their dataset, we were able to determine that
he source of their positive and statistically significant coefficient
s differences in share information for some universities, and that
he results seem sensitive to subtracting or adding a few univer-
ities. For example, for Carnegie Mellon University, L&S have an
xpected share of 97 % even though the university’s IP policy has
iven the inventor 50 % of net patent income (with no lab share)
ince 1985. Changing this one value makes their correlation no
onger statistically significant. Additionally, as noted above, there
re inconsistencies in how L&S treat lab shares and TTO overhead
ees. For a more detailed discussion of these discrepancies, see the
ppendix.

Table 5 presents additional robustness checks on our result from
able 4. In addition to calculating the expected share for nonlin-
ar policies using L&S’s weighting of net income bands (which

pproximately averages the first two bands), we attempted averag-
ng the first three bands; averaging the first four bands; only using
ata from schools with linear policies; and trying each of these

14 In an effort to reproduce L&S’s result in column 5 (with a coefficient on the
xpected royalty share of 0.23, significant at the 5% level), we  randomly drew 98
bservations from our sample and ran the regression in column 1, repeating the
xercise 10,000 times. Only 58 out of 10,000 resamples had a regression coefficient
hat was  within 10% of L&S’s, and none of them were statistically significant. We
lso attempted resampling to find the sets of universities with descriptive statistics
hat most closely matched L&S’s, and then running the regression on those sets, but
his was  even less successful. We thank Sarah Kotb for this analysis.
er policy from the 1990s. Nonlinear policies were weighted with 50.2 % in the first
 the remaining 3.7 % in the third $50,000–$100,000 band. Technology field variables

approaches with only the inventor’s personal share rather than the
combined share that includes research funding for the inventor’s
lab. In no case did we  observe coefficients similar to those found by
L&S.

For Table 6, we conduct the same cross-sectional analysis for
the early 1991–99 data using our three other outcome variables:
(1) invention disclosures received, (2) patent applications filed, and
(3) patents issued. If the incentive story were true, we would expect
to see a positive effect on these outcomes: inventors who expect a
higher royalty share would be incentivized to file more invention
disclosures with their university TTO and to encourage the TTO to
file more patent applications, leading to more issued patents. We
find no evidence for such an effect. The coefficient on the expected
royalty share variable is negative in all three regressions. Of course,
given the size of the standard error, we  cannot rule out a large
positive effect, but the data do not show a statistically significant
positive effect.

Table 7 presents the same cross-sectional analysis as above, but
over the period 2000–13 rather than 1991–99. The expected share
and AUTM data were averaged over this time period, and we used
controls from the 2005–06 NRC survey rather than the 1992–93
survey.

4.3. Panel data results
As noted above, there are shortcomings in the identification
approach used in the last section. The results could be biased. The
royalty-share policy might be uncorrelated with observable char-
acteristics but correlated with unobservable ones that relate to
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Table  4
Linear Regression of Log Average Net Licensing income 1991–99.

Combined Share Weighted as in L&S Without Lab Share & Overhead Correction Comparison: L&S (2004) Table 4

1 2 3 4 5 6

Expected –0.19 –0.27 0.52 0.67 2.3** 2.1**
royalty share (1.29) (1.22) (1.33) (1.21) (1.1) (1.0)
NRC  survey (1992–93)

Log faculty 0.78*** 0.30 0.80*** 0.32 0.92*** 0.25
size  (0.24) (0.24) (0.24) (0.24) (0.19) (0.30)
Quality 0.83** 0.47 0.83** 0.46 0.64** –0.15

(0.32)  (0.31) (0.32) (0.31) (0.28) (0.31)
Private 0.69* 0.80** 0.71* 0.82** 0.22 0.52*

(0.37)  (0.35) (0.37) (0.35) (0.43) (0.31)
Biomedical 0.43 0.04 0.40 0.002 –1.02 –0.76

(1.13)  (1.04) (1.13) (1.04) (1.23) (1.36)
Other  –0.25 0.03 –0.36 –0.14 –0.70 –1.07
biological (1.23) (1.13) (1.16) (1.07) (0.98) (1.24)
Computer –0.96 –2.15 –1.29 –2.59 0.20 0.03
science (3.24) (2.83) (3.21) (2.78) (2.46) (2.68)
Chemical 0.58 2.09 0.71 2.27 –0.95 –1.17
science (2.96) (2.84) (2.96) (2.89) (1.07) (1.72)
Engineering 2.43* 1.72 2.39* 1.64 0.49 –0.35

(1.29)  (1.11) (1.26) (1.09) (1.07) (1.42)
AUTM  survey (1991–99 avg)

Log R&D 0.71*** 0.72*** 1.15***
(0.26) (0.26) (0.38)

TTO  size 0.070** 0.069** 0.013
(0.029) (0.028) (0.021)

TTO  age 0.0012 0.0025 0.027***
(0.0096) (0.0099) (0.008)

Constant 5.81*** –3.55 5.42*** –4.21
(1.43) (3.82) (1.45) (3.87)

R2 0.54 0.61 0.54 0.61 0.48 0.66
N  106 105 106 105 98 97

Notes: Robust standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1. Following L&S, expected royalty share is based on 2001 policies, which were averaged with any
earlier  policy from the 1990s. Nonlinear policies were weighted with 50.2 % in the first 0–$10,000 net licensing income band and 46.1 % in the second $10,000–$50,000 band,
and  the remaining 3.7 % in the third $50,000–$100,000 band. Technology field variables measure the percentage of faculty in each field; the omitted field is physical sciences.
Note  that L&S used the royalty share x100, so the coefficients.

Table 5
Robustness Checks: Changes to Expected Share Coefficient from Table 4 Based on Different Methods of Calculating Expected Share.

Expected Royalty Share Coefficient from Col. 1
Specification (Robust Std. Err.)

Coefficient from Col. 2
Specification (Robust Std. Err.)

combined share, L&S weighting (Table 4, columns 1–2) –0.19 (1.29) –0.27 (1.22)
personal share, L&S weighting –0.25 (1.40) 0.10 (1.32)
combined share, L&S weighting, without overhead

correction
0.49 (1.30) 0.32 (1.19)

personal  share, L&S weighting, without overhead
correction (Table 4, columns 3–4)

0.52 (1.33) 0.67 (1.21)

combined share, 1st 3 income bands equally weighted –0.58 (1.33) –0.62 (1.30)
personal share, 1st 3 income bands equally weighted –0.91 (1.50) –0.40 (1.44)
combined share, 1st 4 income bands equally weighted –0.98 (1.32) –1.03 (1.31)
personal share, 1st 4 income bands equally weighted –1.76 (1.60) –1.18 (1.57)
combined share, only linear (constant-share) policies –0.84 (1.54) –0.83 (1.44)
personal share, only linear (constant-share) policies –0.72 (1.87) 0.30 (1.66)
combined share, only linear policies, without overhead –0.20 (1.58) –0.45 (1.50)
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Unfortunately, this approach will not work for the licensing
income outcome variable because income received in a given year
will generally stem from patents filed many years earlier.15 The
correction
personal share, only linear policies, without overhead

correction
0

icensing income. And in our data, as Table 3 showed, we find that
ven the observable characteristics are strongly associated with
he royalty-share policy; given that, there is little reason to expect
here not to be unobserved correlated differences as well. Lach and
chankerman (2008) attempted to address this problem by using
re-sample information on the university’s patenting activity. They
ote that “[i]t would be more convincing if [they] could control

or fixed university effects,” but they explain that for their data,

there is not sufficient variation over time in the royalty sharing
rrangements to permit this.”

Fortunately, as noted above, our dataset stretches over a longer
eriod and includes substantial variation in royalty-sharing policies
(1.85) 0.93 (1.69)

across time, allowing us to control for fixed effects across both uni-
versities and time. A panel data model with fixed effects focuses on
within-university variation—that is, what happens within a given
university when it changes its policy over time—which reduces the
problem of omitted variable bias.
15 The current patent term is twenty years from the effective filing date, with
potential adjustments. For patents filed before June 8, 1995 (which will include many
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Table  6
Linear Regression of Average Invention Disclosures, Patent Applications, and Issued
Patents 1991–99.

Disclosures Patent Apps Issued Patents

Expected combined –36.3 –17.4 –9.41
royalty share (37.9) (13.5) (7.46)
NRC survey (1992–93)

Log faculty size –4.43 –1.79 –0.89
(6.32) (2.19) (1.31)

Quality 14.8 6.05 2.98
(11.9) (3.84) (2.10)

Private –0.43 3.34 2.53*
(5.10) (2.22) (1.51)

Biomedical –0.84 –3.16 –1.89
(17.1) (5.88) (4.19)

Other biological –13.9 –1.71 –3.19
(17.1) (6.94) (5.06)

Computer science –37.7 –10.2 –6.45
(44.8) (20.7) (13.8)

Chemical science –7.79 –8.87 –3.89
(26.5) (9.70) (7.33)

Engineering 28.2* 6.70 5.18
(16.6) (6.03) (4.43)

AUTM survey (1991–99 avg)
Log R&D 14.23*** 5.74*** 2.76**

(4.92) (2.07) (1.19)
TTO size 13.91*** 5.04*** 4.25***

(0.64) (0.22) (0.19)
TTO age 0.49** 0.154 0.226*

(0.23) (0.110) (0.127)
Constant –239.9*** –95.3*** –47.2**

(84.0) (33.8) (19.1)
R2 0.865 0.846 0.870
N  123 122 123

Notes: Robust standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1.
Expected royalty share was calculated as in Table 4, columns 1 and 2.

Table 7
Linear Regression of Average Outcome Variables 2000–2013.

Disclosures Patent Apps Issued Patents Log Net Inc.

Expected combined –21.6 –10.2 –16.8 –0.75
royalty share (45.9) (47.7) (13.7) (1.55)
NRC survey (2005-06)

Log faculty size 3.50 –6.91 –0.71 0.43
(18.6) (17.8) (5.94) (0.43)

Citations/faculty 17.08** 16.47* 5.38* 0.39
(8.12) (8.85) (3.09) (0.35)

Private 18.5 22.9 6.38 0.73
(14.4) (13.8) (4.63) (0.50)

Biomedical –166.3* –213.6** –62.4** –0.91
(97.4) (82.3) (28.5) (1.64)

Other biological –86.6 –138.0** –32.6 –0.06
(67.4) (58.8) (20.8) (1.68)

Computer science –134.3 –280.8* –51.9 3.28
(162.2) (144.6) (50.0) (4.77)

Chemical science 217.2** 132.7 42.3 4.98
(87.0) (81.1) (26.4) (4.08)

Engineering 11.6 –28.5 1.05 –1.82
(67.7) (64.7) (21.9) (2.10)

AUTM survey (2000-13 avg)
Log R&D 32.7* 32.7* 8.58 1.02***

(19.3) (18.6) (6.11) (0.33)
TTO  size 16.95*** 9.62*** 3.90*** 0.016

(1.08) (1.05) (0.31) (0.027)
TTO  age 0.014 0.212 0.16 0.015

(0.416) (0.406) (0.19) (0.010)
Constant –614.2*** –523.0** –146.2** –8.92*

(225.7) (228.7) (71.8) (5.16)
R2 0.915 0.808 0.847 0.567
N  107 107 107 98

Notes: Robust standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1.
Expected shares for nonlinear policies were calculated using the same weights as
in  Table 4, but averaged over policies from 2000–13. Technology field variables
measure the percentage of faculty in each field; the omitted field is physical sciences.

Table 8
University and Year Fixed Effects Models.

A. Raw outcome variables as in Table 6

Disclosures (no
lag)

Patent Apps
(no lag)

Issued Patents
(3-yr lag)

Expected combined
royalty share

–131**
(51.4)

–113**
(49.3)

–13.6
(11.1)

R2 0.85 0.71 0.88
N  2172 2140 1715

B.  Outcome variables scaled by faculty in NRC 2005–06 (All Schools)

Disclosures per
Fac (no lag)

Patent Apps
per Fac (no lag)

Iss Patents per
Fac (3-yr lag)

Expected combined
royalty share

–0.04
(0.07)

–0.05
(0.08)

0.02
(0.03)

R2 0.82 0.70 0.78
N  2009 1981 1612

C.  Outcome variables scaled by faculty in NRC 2005–06 (Schools Above
Median Faculty)

Disclosures per
Fac (no lag)

Patent Apps
per Fac (no lag)

Iss Patents per
Fac (3-yr lag)

Expected combined
royalty share

–0.12**
(0.05)

–0.12*
(0.06)

–0.01
(0.01)

R2 0.79 0.68 0.75
N  1007 998 836
Notes: Standard errors clustered by university; **p < 0.05, *p < 0.1. Expected shares
for nonlinear policies were calculated using the same weights as in Table 4.

other outcome variables should be more immediately responsive
to changes in the inventor’s royalty share, although there will be a
lag before royalty policies can affect issued patents because patents
take an average of almost three years to issue. And depending on
the incentive mechanism, one might expect an additional lag for
the time spent conducting new research between a change in policy
and the ability to disclose a patentable invention.

Table 8(A) presents the results of regressing invention disclo-
sures, patent applications, and issued patents on the expected
combined royalty share with university and year fixed effects, using
a three-year lag for issued patents.16 Although the incentive story
would predict that higher shares would lead to more disclosures,
applications, and issued patents, we  in fact find the opposite for
all three outcomes, though it is only significant for the first two.
For example, a ten-percentage-point increase in expected share
leads to an average of about twelve fewer invention disclosures.
This negative coefficient is not implausible: a higher inventor’s
share implies a smaller share for other parts of the university, and
if patent-related activity is primarily driven by top-down encour-
agement rather than faculty coming forth unprompted, one might
expect smaller shares for the university administration to lead to
less patent-related activity.
But note that this result seems to be driven by large universities
with many disclosures. Table 8(B) shows that when the outcome
variables are scaled by the number of faculty at each university,

patents generating licensing income in this dataset), the term is 17 years from the
date of grant. In either case, the patent term is almost as long as the 23-year period
of  our dataset.

16 Adding an additional two-year lag to all three regressions to account for research
time between the announcement of a new policy and having a patentable invention
does not change these results. Note that faculty size, quality, and research orienta-
tion cannot be included as controls in Table 8 because we do not have year-by-year
data for them (only the two NRC snapshots), but the fixed effects approach accounts
for variation across universities. It does not account for time-varying differences, so
we  can include the (potentially endogenous) controls from the AUTM dataset for
R&D  expenditures, TTO size, and TTO age, which produce similar coefficients for the
expected share.
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he expected share coefficients become close to zero and non-
ignificant. When these regressions are then repeated for only
chools above the median number of faculty, the share coefficient
eclines across all outcomes and becomes significant for the dis-
losures outcome, as seen in Table 8(C). This may  indicate that
atent disclosures are driven more by TTO recruitment efforts than
y faculty volunteers, but as noted above, we cannot rule out that
niversities may  have increased faculty royalty shares in response
o exogenous events—such as a decline in our outcome variables or

 general downturn in the local economy—when they believe that
ailing to increase royalty share incentives would mean an even
harper decline in faculty patenting.

Which specification one finds most convincing will depend on
he population of interest. For understanding the impact on indi-
idual faculty, independent of their university, Table 8(B) is likely
ost appropriate. But across all specifications, both in Table 8 and in

he earlier cross-sectional analyses, we have never observed higher
xpected royalty shares—through any means of calculation—to
ave a statistically significant positive effect on any of the outcomes
f interest.

.4. Moves between universities by active patenters

We  conducted one additional set of analyses, focused on lateral
oves between universities by the most active patenters, that was

nspired by the statement in Lach and Schankerman (2008) that
[r]oyalty incentives work both by raising faculty effort and sort-
ng scientists across universities.” Universities might be inclined to
aise the inventor’s share of patent revenue not only to spur faculty
articipation in the patenting process but also to attract patenting
aculty to their institutions.

Using a list of all inventors who had ten or more U.S. patents
ssigned to a university in the ten years prior to 2016, we deter-
ined that 777 were U.S. faculty (at least at some point in their

areers), and of those, 244 (31 %) had moved between institutions.17

nly seven of these faculty members moved from academia to
ndustry,18 and all but two of those moved back to academia.
nother nine moved from U.S. universities to foreign universities,
nd none of them returned to the United States. When we look at
he number of lateral moves between U.S. universities where we
ad a royalty policy at the time of the move, and where we  were
ble to convert the policy to an expected share (i.e., excluding the
olicies based in part or whole on gross licensing income), there
ere 133 lateral moves.

If any faculty are influenced by the inventor share in official uni-
ersity patent policies, it is likely to be the faculty who  patent most
requently. On average, one might thus expect active patenters to

ove to universities that offer a higher share of patent royalties. As
ig. 7 illustrates, we do not find this result. Out of 133 moves, only
3 were to schools with a higher expected share; 68 were to schools
ith a lower share, and in the remaining 22, there was  no change.
or is it true that the moves to higher-share schools involved larger
hanges. Rather, the average change in the combined expected
hare (calculated as in Table 4) is –3.2 %. The standard deviation

s 13 %, so we cannot exclude a large positive effect, but we  do not
bserve the strong positive effect that the incentive story would
uggest. This result holds if the sample is restricted to even more

17 The list of inventors with ten or more patents was  compiled by Daniel E. Ho based
n USPTO data for a separate project with Lisa Larrimore Ouellette. Moves between
nstitutions were determined from each faculty’s curriculum vitae or biography.

here a biography was unavailable, we tracked affiliation on scholarly papers.
18 They moved from Stanford University Medical Center, the University of
rkansas, the University of Iowa, the University of Michigan, the University of Penn-
ylvania, the University of Wisconsin–Madison, and Ohio State University.
Fig. 7. Change in Combined Expected Share for Moves Between Universities by the
Most Active Patenters.

active patenters: for the 21 faculty with thirty or more patents in
ten years, the average change is –4.1 % (std. dev. = 12 %).

To be clear about the limitations of this analysis, we did not
examine each faculty member’s productivity at their old or new
university. It is possible, for example, that an academic scientist
could move from a school with a high share where she filed many
patents to a lower-share school where she stops patenting. But we
do not find evidence that official policies are driving these profes-
sors’ decisions to move between universities.

This conclusion is supported by our results above: We  would
expect any sorting effect to show up in our cross-sectional and
fixed effects regressions because it would be one of the explana-
tions for additional patent-related activity in additional to greater
researcher effort. The fact that we  were unable to observe a statis-
tically significant effect from increasing researcher royalty shares
provides an additional reason to doubt that royalty shares have a
significant effect in attracting (or repelling) faculty.

4.5. Caveats

In sum, our data do not support the claim that increasing the
inventor’s share in a university patent policy causes greater faculty
participation in the technology transfer process. None of our analy-
ses show a statistically significant positive relationship between the
inventor’s share—calculated various ways—and invention disclo-
sures, patent applications, issued patents, or net licensing income.
Nor do we find that the most active faculty patenters tend to move
to universities offering higher shares. Our results call into ques-
tion L&S’s findings, and we do not believe policymakers should
rely on their results in crafting university patent policy until the
key questions we raise here are resolved.

But our conclusions should be interpreted in an appropriately
limited way, and we offer four such caveats here. First, we  do not
claim that there is no relationship between financial incentives
from patents and faculty behavior—only that we  do not observe one
using the data we believe would be most likely to show it. Relatedly,
our data do not address any non-financial incentives that academic
researchers might receive from patents.

Second, our conclusions are based on each university’s official
patent royalty-sharing policy. But it is possible that posted roy-
alty rates do not reflect the share received by some university
researchers. Based on conversations with about a half-dozen tech-
nology transfer officials at a range of universities with significant

licensing experience, our understanding is that faculty occasion-
ally negotiate different rates in individualized deals. But these
officials stated that non-standard agreements were the exception
rather than the rule, and that deviations from the official policy
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ypically involved aspects of the license other than the inventor’s
hare—particularly because TTOs worry about setting a precedent
or future deals. For example, the head of one large TTO that typi-
ally files over 200 patent applications each year told us that in the
ast year, the single policy waiver related to royalty shares was  sim-
ly to make clear that a soon-to-be-implemented new policy would
over the invention. When there is negotiation over the inventor’s
hare, the TTO representatives suggested that it tends to be over
ow the share is split among joint inventors rather than the over-
ll rate. In any case, this caveat does not affect our conclusion that
ncreasing the inventor’s share in a university’s official policy does
ot seem to increase any of the outcomes that seem most likely to
e affected—which may  be relevant to universities contemplating
uture policy changes. Nonetheless, one should be cautious about
xtrapolating from our data to royalty-sharing rates in practice.

Third, as Markman et al. (2008) have documented, faculty mem-
ers sometimes bypass university TTOs and patent inventions
hemselves. The practice is not necessarily lawful—the fruits of pub-
icly funded research are supposed to belong to the university under
ayh–Dole, and even for non-Bayh–Dole patents, academic inven-
ors typically assign IP rights to the university.19 If bypassing is a
requent practice, however, it could mean that data reported by
UTM does not tell the whole story about individual researchers’
atenting practices. But this phenomenon is unlikely to affect our
esults. First, if the outcome of interest is technology transfer
hrough the university,  then inventions that bypass this route should
ot be counted as part of the outcome variables. More impor-
antly, if the outcome of interest is all technology transfer activity
y faculty, these undercounted inventions are likely to understate
ur conclusion. If anything, one would expect faculty to be more
ikely to bypass their TTO—resulting in less patent-related activ-
ty in the AUTM statistics—when the inventor’s share is lower. If we
ad found a positive correlation between inventor’s share and these
echnology transfer metrics, the bypassing effect would call that
orrelation into doubt. But as explained above, we did not observe
his correlation.

Fourth, our analysis is limited to existing university patent
oyalty-sharing policies, all of which offer some non-zero share, as
equired by Bayh–Dole. The minimum net-income inventor’s share
n our dataset was  Caltech’s 15 % share before 1994; the next small-
st share was 25 %, offered by eight schools. We  cannot conclude
hat nothing would happen if the inventor share were reduced
o zero. Nonetheless, we can say that we do not see an effect on
atenting activity from offering substantially higher shares—there
re many schools in our dataset offering shares of 50 % or more.
ur results thus suggest that reducing inventor’s shares at many

chools would not have a measurable effect on faculty patenting
ctivity. As noted previously, the Stevenson–Wydler Act mandates
hat inventors at federal laboratories receive the first $2000 of roy-
lties each year plus 15 % of any additional royalties; such a policy
ay  be appropriate for other federally funded researchers as well.

. Implications and conclusion

University researchers play an important role in U.S. innova-
ion and Bayh–Dole policy. And yet we still know little about
hether the financial promise of patent revenue affects univer-
ity researchers’ incentives to innovate and commercialize their
esearch. In this paper, we have cast doubt on earlier conclusions
hat providing greater financial incentives to university researchers

19 It might seem surprising that university TTOs would allow professors to bypass
heir legal obligations, but Rai and Sampat (2012) have shown that these offices often
ail to comply with their own obligations, and many universities might rationally
hoose not to sue their own  faculty.
of Law and Economics 61 (2020) 105883

to patent (by increasing their relative royalty share from patent
licensing) increases patent license income for universities. We  have
similarly been unable to conclude that higher inventor’s royalty
shares have any effect on the number of invention disclosures or
patent applications at a university. We  have also been unable to
show that it influences sorting between universities among the
most active patenters—those faculty who  would presumably be the
most sensitive to differences in royalty-sharing policies.

The lack of any strong impact of higher patent royalty shares
on the behavior one would expect to be most affected suggests
that an important pivot might be warranted with respect to uni-
versity royalty-sharing policy. From a social welfare perspective,
university patent royalties may  not be optimally allocated between
researchers and universities. We have not found evidence that
decreasing the percentage of patent income provided to inventors
as personal income would have a deleterious effect on researchers’
behavior. Reducing their royalty share also would not affect any
non-financial benefits that patents already give to researchers, such
as reputational rewards. And reducing inventors’ personal shares
of patent income would have the benefit of increasing universi-
ties’ shares, leading to increased investment in science research
and education. Even if some of this extra money for universities is
used for improving the quality of a TTO, this may  be a more effec-
tive way  to increase faculty incentives to patent than giving the
money to faculty directly.20 At the very least, we would caution
universities against relying on the conclusions of L&S in support of
increases to their inventors’ shares.

These conclusions may  also have implications for non-
university patent policy. It is often assumed that universities are
a special case. But corporate researchers at for-profit firms are
in many ways similar to academic researchers. Indeed, science
and engineering graduate students often debate whether to pur-
sue careers in industry or academia, with their choice often forced
by fluctuations in the academic job market, and some researchers
move between the two settings over their careers. Corporate
researchers often get a fixed salary, without any special bonus
based on patents. As Lobel (2017) explains, “[a]n anomaly of the
American legal system is the complete absence of any requirement
for businesses to compensate their employed inventors,” unlike
many other countries. Lobel and other scholars argue that corpo-
rate inventors should be paid more like university inventors—that
is, that they should receive bonuses based on the financial success
of their inventions. But given our inability to find a strong effect
in the university context, it seems worth investigating whether
this intervention would in fact impact the behavior of corporate
researchers.

More broadly, our results also show that predicting the incen-
tive effect of patents is more difficult than it may at first appear,
and that patent policy should be driven by rigorous attention to
empirical outcomes rather than by predictions about incentives,
however plausible those predictions might seem (Ouellette, 2015).
Although some universities may  have changed their policies to offer
inventors a higher patent royalty share based on the reasonable
hypothesis that this would increase patenting activity by faculty,
our results suggest that this hypothesis may  not match up with real-
world outcomes. As discussed above, there are numerous reasons
But we  think the lack of compelling evidence of such a benefit
should put pressure on university technology transfer offices and

20 Faculty surveys suggest that perceptions of TTOs as high quality and efficient
are a key factor in faculty motivations to patent (Owen-Smith and Powell, 2001).
Similarly, a technology transfer official from a large state school informed us that
their internal surveys about the faculty experience with technology transfer showed
that the biggest complaints are delays and the appearance of unresponsiveness.
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ayh–Dole defenders to develop the case for patents that are not
ustified by their commercialization benefit.

ppendix A

We  are grateful to Mark Schankerman for generously providing
ome of the data analyzed in Lach and Schankerman (2008), which
nabled our comparison with their results. As discussed above, to
acilitate comparison of complex royalty-sharing policies, they con-
erted each policy to a single expected inventors’ share. Table A1
ompares their expected inventors’ share with the corresponding
oyalty-sharing policy information we independently gathered for
hese 101 U.S. universities: 34 private universities and 67 public
niversities. (As noted above, the total is 101 rather than the 102
eported by Lach and Schankerman because one school on their
ist of public U.S. universities is the University of Victoria, which is
ocated in Canada.)

Shading in the “Expected Share” column indicates that our
xpected inventors’ share is at least five percentage points differ-
nt from theirs. Shading in the “Laboratory Share” or “Overhead”
olumns indicate that this information does not seem to have been
ccounted for by Lach and Schankerman (contrary to their reported
oding methodology). Rows without inventor shares indicate that

e were unable to obtain policy information back to at least 2001

or these schools. The policies we found—including for more recent
olicies used for our panel data results—are documented at http://
niversitypatentdata.com.
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Table A1 (Continued)

Private Institutions (N = 34) Expected Share Personal Income Share Laboratory Share Overhead

L&S Our Data $0-10k $10-50k $50-100k $100-300k $300-500k $500k-1M >$1M $0-10k $10-50k $50-100k $100-300k $300-500k $500k-1M >$1M

Northeastern Univ.** 0.30 0.60 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Northwestern Univ.* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Princeton Univ. 0.49 0.50 0.50 0.50 0.50 0.40 0.40 0.30 0.30
Stanford Univ. 0.33 0.28 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.15
Syracuse Univ. 0.50 0.43 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.15
Thomas Jefferson Univ. 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Univ.  of Chicago**,*** 0.25 0.35 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Univ.  of Dayton 0.50 0.40 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.20
Univ.  of Denver 0.64 0.55 0.70 0.40 0.33 0.33 0.33 0.33 0.33
Univ.  of Miami 0.33
Univ. of Pennsylvania* 0.49 0.45 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Univ.  of Rochester* 0.49 0.50 0.50 0.50 0.40 0.39 0.35 0.35 0.35
Univ.  of Tulsa 0.45 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vanderbilt Univ. 0.49 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Wake  Forest Univ.** 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Washington Univ. in St. Louis* 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Yale  Univ.* 0.49 0.45 0.50 0.50 0.50 0.35 0.30 0.30 0.30 0.10

Public  Institutions (N = 67) Expected Share Personal Income Share Laboratory Share Overhead

L&S Our Data $0-10k $10-50k $50-100k $100-300k $300-500k $500k-1M >$1M $0-10k $10-50k $50-100k $100-300k $300-500k $500k-1M >$1M

Auburn Univ.* 0.49 0.49 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Ball  State Univ. 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Clemson Univ. 0.39 0.40 0.40 0.40 0.20 0.20 0.20 0.20 0.20 0.00 0.00 0.20 0.20 0.20 0.20 0.20
Colorado  State Univ.* 0.44 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Florida Atlantic Univ. 0.69 0.66 0.75 0.50 0.35 0.35 0.35 0.35 0.35 0.03 0.05 0.07 0.07 0.07 0.07 0.07
Florida  State Univ.** 0.76 0.63 0.85 0.40 0.40 0.40 0.40 0.40 0.40
Indiana Univ.* 0.49 0.50 0.50 0.50 0.50 0.40 0.35 0.30 0.25
Iowa  State Univ. 0.33 0.28 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.15
Kansas  State Univ. 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Louisiana State Univ. 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Medical College of Ohio 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Michigan State Univ.** 0.38 0.37 0.40 0.33 0.33 0.30 0.30 0.20 0.15
Mississippi State Univ. 0.49 0.63 0.75 0.50 0.50 0.50 0.50 0.50 0.50
Montana State Univ. 0.49 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
New  Jersey Inst. of Tech. 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
North Dakota State Univ. 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Ohio  State Univ.** 0.49 0.50 0.50 0.50 0.42 0.33 0.33 0.33 0.33
Ohio  Univ. 0.49 0.50 0.50 0.50 0.50 0.30 0.30 0.30 0.30
Oregon State Univ. 0.39 0.40 0.40 0.40 0.35 0.30 0.30 0.30 0.30
Penn  State Univ. 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Rutgers the State Univ. of NJ 0.25 0.44 0.63 0.25 0.28 0.28 0.28 0.28 0.28
SUNY** 0.39 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Temple Univ. 0.49 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Texas A&M Univ. System 0.50 0.43 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.15
Univ.  of Akron** 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Univ.  of Alabama in Birmingham 0.70 0.56 0.75 0.56 0.50 0.30 0.30 0.30 0.30 0.15
Univ.  of Alabama in Huntsville 0.69 0.59 0.70 0.70 0.40 0.40 0.40 0.40 0.40 0.15
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Table A1 (Continued)

Public Institutions (N = 67) Expected Share Personal Income Share Laboratory Share Overhead

L&S Our Data $0-10k $10-50k $50-100k $100-300k $300-500k $500k-1M >$1M $0-10k $10-50k $50-100k $100-300k $300-500k $500k-1M >$1M

Univ. of Arizona 0.45
Univ. of Arkansas 0.49 0.50 0.50 0.50 0.50 0.43 0.35 0.35 0.35
Univ.  of Cal. System* 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Univ.  of Central Florida 0.49
Univ. of Cincinnati 0.59 0.59 0.60 0.60 0.40 0.30 0.30 0.30 0.30
Univ.  of Colorado 0.25 0.48 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.04
Univ.  of Connecticut 0.33 0.50 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Univ.  of Delaware 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
Univ.  of Florida 0.39 0.50 0.40 0.40 0.40 0.40 0.40 0.25 0.25 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Univ.  of Georgia 0.86 0.68 1.00 0.25 0.25 0.25 0.25 0.25 0.25 0.00 0.10 0.10 0.10 0.10 0.10 0.10
Univ.  of Hawaii 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Illinois Urbana Champaign 0.40 0.50 0.50 0.50 0.50 0.38 0.25 0.25 0.25
Univ.  of Iowa 0.33 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Univ.  of Kansas 0.49 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Univ.  of Kentucky 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Univ.  of Louisville 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Maryland Baltimore 0.50 0.63 0.75 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Maryland College Park 0.50 0.63 0.75 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Massachusetts Amherst 0.29 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Univ.  of Michigan* 0.49 0.50 0.50 0.50 0.50 0.42 0.33 0.33 0.33
Univ.  of Minnesota 0.33 0.59 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Univ.  of Missouri System 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
Univ.  of New Hampshire 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Univ.  of New Orleans 0.40
Univ. of North Carolina Chapel Hill 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Univ.  of North Texas 0.49 0.50 0.50 0.50 0.25 0.25 0.25 0.25 0.25 0.00 0.00 0.25 0.25 0.25 0.25 0.25
Univ.  of Oklahoma** 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Univ.  of Oregon 0.39 0.40 0.40 0.40 0.35 0.30 0.30 0.30 0.30
Univ.  of Pittsburgh 0.46 0.45 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Univ.  of South Carolina 0.40 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Univ.  of Tennessee 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Texas at Austin 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Texas Hlth Sci Ctr Houston 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Texas Medical Branch at Galveston 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Texas Southwestern Med. Ctr. 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Univ.  of Utah 0.38 0.37 0.40 0.35 0.30 0.30 0.30 0.30 0.30
Univ.  of Virginia* 0.49 0.58 0.50 0.50 0.50 0.30 0.25 0.25 0.15 0.08 0.08 0.08 0.20 0.15 0.15 0.15
Univ.  of Washington 0.89 0.55 1.00 0.45 0.30 0.30 0.30 0.30 0.30 0.24
Univ.  of Wisconsin Madison** 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Wayne  State Univ. 0.69 0.63 0.75 0.50 0.50 0.40 0.40 0.40 0.35

Notes: * University changed its royalty-sharing policy during the 1990s; policy information here is for 1999 except for the University of Wisconsin (information is correct for 1991–97; in 1998 the policy added a lab share of 70 %
for  the first $100,000 of income) and Northwestern (information is correct for 1991–98, but the 1999 policy increased the personal share to 30 %, added a 20 % lab share, and added a 20 % overhead fee). Policy changes are not
always  reflected in Lach and Schankerman’s data; for example, their information for Washington University in St. Louis is correct for the policy starting July 1998, but the earlier policy provided a higher personal share of 50 %.
**  Inventors’ shares are computed at least in part out of gross rather than net license income, making it difficult to compare these policies with more typical net-income policies.
***  The University of Chicago had no standardized policy until 2002, so these shares did not apply in the 1990s.
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