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Abstract

Despite concern about undiscovered Einsteins and lost Curies, there is little direct ev-
idence of the value of including more groups of people in innovative activity. Between
1976 and 2020 the share of new US patents with at least one female inventor rose
from under 10 to over 25 percent. How has this affected the value of innovations? I
begin by exploring descriptive questions. First, a growing number of women is pur-
suing innovation-relevant education. Second, additional patents appear to “expand
the market” by attracting additional citations, rather than simply diverting citations
from others. Third, growing numbers of female inventors and patents appear not to
displace male inventors or patents. Fourth, as the female-invented share of patents
grows across vintages, the share of citations attracted by the female-invented patents
grows nearly proportionally, suggesting that the additional female-inventor patents are
valuable. I then construct an equilibrium model of demand for, and supply of, patents,
which allows me to simulate a counterfactual environment without the female influx.
The female influx raises the female share of patents from roughly 10 to 20 percent of
available patents, raising overall inventor surplus by 2.7 percent (1.2 if I allow for en-
dogenous male inventor entry). Female inventor surplus rises by 4.6 (2.8), while male
inventor surplus rises by 2.1 (0.7) percent.



1 Introduction

Women have long lagged behind men in science, engineering, and innovative activity: Women
account for relatively few of the inventors listed on patents, and women account for relatively
few authors in many creative industries. Given the importance of innovation for growth,
there is a concern that reliance on only a subset of human innovative potential has hindered
progress. There is evidence that greater female exposure to innovation would lead to more
innovation (Bell et al., 2019; Cook, 2011; Hoisl et al., 2023) and more generally that better
allocation of workers to tasks could raise the output (Hsich et al., 2019). Innovation is
responsible for the majority of growth in living standards, so non-inclusive innovation could
therefore slow growth (Solow, 1957).

Despite great concern above innovation forgone due to non-inclusive participation in
inventive activity, there is little direct evidence on the value of the additional innovation that
inclusiveness might deliver. The female share of patent inventors has been rising (Frietsch
et al., 2009; Ding et al., 2006; Hunt et al., 2013; Kim and Moser, 2020; Toole et al., 2021), and
this paper makes use of this shift to directly quantify the benefit of more inclusive innovation.
As a growing share of patents have some female inventors, do the “female patents” account
for a growing share of the value of new inventive activity. In short — at least as a descriptive
matter — as the female share of patents has risen, has the share of citations to female patents
also risen?*

More inclusive innovation could be socially beneficial for a variety of reasons. First, grow-
ing female participation could deliver rewards for the creation of innovation more broadly.
Second, female participation in innovation may change the direction of innovative activity
(Koning et al., 2021), as women may invent in areas neglected by male inventors. Finally,

there is the question pursued here: drawing from a larger pool of potential inventors might

IT follow the literature in using patent citations to proxy their value (Hall et al., 2005; Kogan et al., 2017).



raise the value of innovations of interest to diverse sorts of end users.

Given that most patents are not valuable, it is not obvious that an influx of new patent
inventors — and patents — would deliver valuable innovations. However, when innovation
quality is unpredictable, an increase in the number of products or innovations can be valuable
(Aguiar and Waldfogel, 2018); and it is well-known that patent value is unpredictable at the
time of invention (Scherer and Harhoff, 2000). This makes it plausible to expect that a
female influx into patenting would deliver valuable inventions.

This study takes gender as its context, and gender is important. Not only has women’s
participation in innovation traditionally lagged men’s, women are a large group, making
up half the population. But gender is not the only dimension of interest. Other groups of
people, including ethnic and racial minorities, as well as residents of low-income countries,
have also participated in innovative activity at relatively low rates. Those dimensions of
inclusion also merit attention. I study gender here in part because the link between names
and gender make the question researchable.

The paper proceeds in five sections after the introduction. Section 2 describes background
on both the relevant literatures on female participation in the economy generally and as
patent inventors in particular. Section 3 presents a simple theory, and an equilibrium model,
of the benefits of greater inclusivity in innovation when the realized quality of the innovations
is unpredictable. The “demand” side consists of inventors choosing to cite existing patents.
The supply side is the decision by male and female inventors to create new patents, which I
term “entry of patents.” Quality is unpredictable, and patents enter if they expect citations
above an empirically determined citation threshold. Section 4 describes the US patent data
used the study. These include patents granted between 1976 and 2020, along with the
gender of the inventors on those patents, their technology category, and the citations those
patents have received from subsequent US patents. Section 5 presents descriptive results, in

four parts. First, I document the growing number of women pursuing innovation-relevant



education as well as a growing share of patents with female inventors. Second, I show evidence
that additional patents “expand the market” by attracting additional citations, rather than
simply diverting citations from others. Third, growing numbers of female-invented patents
appear not to displace male-inventor patents. Fourth, I present direct evidence suggesting
the welfare benefit from the female influx: as the female-invented share of patents grows
across vintages, the share of citations attracted by the female-invented patents grows nearly
proportionally. Section 6 presents welfare estimates. First, I estimate a structural nested
logit model of inventor demand for patents to cite. Second, I measure the predictabiity
of patents’ realized quality, and I combine these ingredients to solve an equilibrium entry
model. T estimate that the female influx into patenting has raised male and female inventors’

analogue to consumer surplus by 0.67 and 2.78 percent, respectively.

2 Background

For a variety of reasons, women’s labor force participation has grew substantially during
the 20" century (Ferndndez, 2013; Greenwood et al., 2005; Costa, 2000; Goldin, 2006).
Contributing factors include new technologies reducing the burden of home activity, such as
washing machines and birth control. Changing social attitudes have also effectively reduced
women’s opportunity costs. While women made up 20 percent of the US labor force in 1920,
their share grew to 30 percent by 1950 and has since 2000 been over 45 percent.?

Still, female participation in innovative activity has lagged men’s; and it is well known
that women appear as patent inventors at lower rates than men (Hunt et al., 2013; Frietsch
et al., 2009; Ding et al., 2006; Martinez et al., 2016; Hoisl and Mariani, 2017; Fechner and
Shapanka, 2018; Thursby and Thursby, 2005; Whittington and Smith-Doerr, 2005; Murray

and Graham, 2007). Various studies explore reasons such as child-rearing (Kim and Moser,

2See https://www.dol.gov/agencies/wb/about/history, https://www.bls.gov/opub/mlr/2002/05
/art2full.pdf.
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2020) and gender gaps in science commercialization Koffi and Marx (2021).

For a long time, technologically innovative professions did not include women. In 1940,
less than one percent of US engineers were women, and the share remained at one percent
for the following two decades (Pidgeon, 1954). Perhaps not surprisingly, women were also
absent from PhD programs in technical fields. In 1960, 6 of 959 PhDs US in engineering were
awarded to women. In 1949, women earned 175 of 52,246 engineering bachelor’s degrees, 15
of 4,496 engineering master’s degrees, and just 1 of 417 engineering doctorates. Over the next
few decades, women’s participation in technical fields expanded. By 1980, women earned 10
percent of engineering bachelor’s degrees, 8 percent of engineering master’s degrees, and 4
percent of engineering doctorates.

The concern about lost Einsteins and Curies is accompanied by evidence that some
innovative potential is untapped. Greater exposure to innovation appears to make women
more likely to become inventors (Bell et al., 2019; Cook, 2011; Hoisl et al., 2023; Aghion
et al., 2017). Moreover, increasing female inclusion in innovative activity could have various
benefits including a changed direction of innovation (Koning et al., 2021). Increased female
participation in book authorship appears to have delivered substantial growth in the number
of new books valued by diverse readers (Waldfogel, 2023). Outside of the creative industries,
however, little is known about the effects of more inclusive participation in the sort of

inventive activity reflected on patents.

3 Theory: the female influx and its effect

3.1 DMotivation

As we will see below, there has been a female influx into patent invention. How would we
expect such an influx to affect the value of patents? The answer depends on both the nature

of selection into inventive activity and the ex ante predictability of invention quality.
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In the usual way of thinking about entry, people compare their expected benefits to costs
and take action (become an inventor, file a patent) if the expected benefit exceeds the cost.
Historically, fewer women than men have become inventors; and women have participated
in the labor force less than men generally. Low female participation can be rationalized
by higher implicit costs of female participation. These higher costs could reflect gatekeeper
bias, or they might arise from social pressures to engage in nonmarket activity. Either way,
women may have faced higher entry costs than men, and the female influx is consistent with
a falling female participation threshold.

As the cost threshold falls, what sorts of female inventors might enter? To the extent that
inventor, or invention, quality is predictable prior to investment, we might expect the quality
of marginal inventors to fall. If invention quality were completely predictable at the time
an inventor were contemplating undertaking costly effort, then relaxation of a participation
cost threshold from T to T would bring marginal inventions with expected — and realized
— value between T and T'. The value of a female influx in such an environment would be
positive but small.

It is well understood, however, that invention quality is unpredictable (Scherer and
Harhoff, 2000). At the extreme, if it were entirely unpredictable, then marginal inventions
would be as good, on average, as inframarginal inventions. This is not the only mechanism
that could lead to innovations from a female influx to have high value. It is possible that
social conventions inhibiting female participation have historically decoupled selection into
inventive activity from expected benefits. In that case, a female influx would not be expected
to bring inventors of lower quality than inframarginal female inventors, even if innovation
quality were predictable. Both because of unpredictability and beneficial selection, the fe-
male influx could deliver highly valuable innovations. With unpredictable innovation quality,
the welfare effect of an influx of innovators — and innovations — is similar to the welfare effect

of a large number of additional products (Aguiar and Waldfogel, 2018).



The foregoing suggests a natural way to seek evidence on the value of a female influx.
As the female share of patents has risen, has the share of value contributed by female
patents also grown? Addressing these questions is aided by explicit models of demand (for
inferring welfare) and supply /entry (for characterizing possible equilibrium responses to the

counterfactual elimination of the female patent influx.

3.2 Model

My approach makes an analogy to demand and entry. I treat inventors as buyers of inputs
into the creation of patents. The inputs that they buy are the citations that they make
to extant patents. The demand side of the model is inventors making choices to cite those
existing patents. The supply, or entry, side of the model is the decision of inventors to create

inventions, which manifest themselves as patents.

3.2.1 Demand

Inventors draw on existing patents to create new ones. While there is no explicit price of
citing existing patents, there is implicitly a positive price, as inventors cite finite numbers of
patents. I model inventors as making a series of discrete choices of whether to cite patents,
and I use plain logit in the text to ease description. The utility to inventor ¢ of citing patent
J is given by

u; = ;8 + &5 + €,

where z; includes characteristics of patent j (technology category, whether it has female
inventors, vintage, etc.), §; contains aspect of patent j’s quality that are not observed by
the researcher, and ¢;; is an extreme-value error. The utility of the outside good, not citing
a patent, is given by wu;o = 0. Define the quality of patent j as §; = x;5 + &;.

If M is market size, and ¢; is the number of citations to patent j, then d; = In(s;) —In(so),



where 59 = 1 — Xjcss;, and
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where J is the set of extant patents. Then “inventor surplus” — the analog to consumer

surplus — is proportional to

ln(l + ZjeJ€6j>.

It is useful to distinguish between male- and female-inventor patents. Define J; and
Jm as female-inventor and male-inventor patents. Then female-inventor patents as a group
receive the following share

5.
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There is an analogous measure for the male-inventor patents.

3.3 Supply

An influx of patents from female inventors brings a set of quality draws, or §;’s. The effect
of additional female patents on the value of available patents depends on how the distribu-
tion of additional d;s relates to the distribution of existing qualities. It is well understood
that realized quality is an unpredictable random variable Scherer and Harhoff (2000); an
important question for the welfare effect of additional patents is whether patent quality is
predictable at the time of entry or, more accurately, how predictable it is.

Suppose, initially, that quality is completely unpredictable. Then, in expectation, 9;
does not vary with the number of entering patents. Additional patents would be as good,
on average, as existing patents. Suppose there are Ny female-inventor patents. Then define

Dy =3 er5i =N fe‘sf. As a result, the market share for the marginal entrant is the same

as the market share of the average entrant. It is given by
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If patent quality is entirely unpredictable, then adding new patents should substantially
increase the value of patents. Moreover, simulating an environment without the female
influx can be accomplished by simply removing female-inventor patents from the choice set
at random. If N}) is the counterfactual number of female-inventor patents absent the female

influx, then the proportionate increase in CS from the influx is given by

CS  In(1+ Npe®” + N,et™)

CSY  In(1+ N?e‘{f + Npet™)

It is also possible that patent quality is somewhat predictable at the time of invention,
or that

5j = zZ;7 + €j,

where 5;. = z;7 is a prediction of quality at the time of invention/filing, and ¢; is the quality
realization error. In that case it is natural to assume that patents would have entered in
order of expected quality. Indeed, it would be a Nash equilibrium to have all patents with
expected value above some threshold to enter. In that case, because investment costs are
sunk, no already-existing patents wish to exit. And because an additional patent would have
expected value below the threshold, its inventor would not create it.

With partial predictability, D; would not longer be linear in expectation. Instead, since
better patents would enter earlier in the order, there would be a nonlinear function relating
the number of entering patents to the sum of the exponentiated qualities Dy = D¢(Ny), with
D} > (0 and D;ﬁ < 0. The degree of predictability would determine the exact shape. Greater
predictability would give rise to curves that would have greater initial slope. Complete

unpredictability would give D} > 0 and D;ﬁ = 0.



More generally, the proportionate increase in CS from the influx is given by

CS  In(1+4 Ds(Ny¢)) + Dp(N)

CSY " In(1+ Dy(N?) + Dp(N))

Implementing this requires suitable functional forms. One natural alternative is D(IN) =
aN®. When b = 1, this is consistent with no predictability, and § = a. When patent quality

is somewhat predictable, then b < 1.

3.3.1 Equilibrium and counterfactual solution

First, I need to calculate the expected citations for the marginal entrant in the status quo,

separately for male and female-invented patents. Call these Ky and K, . I calculate K; =

At . . .
D (N DN where Ay = Dy(Ny) — Dy(Ny — 1). That is, Ay is the expected quality of
. . eAm
the marginal entering female patent. Analogously, K, = 1 D, (N )+ DN

Define functions s¢(Ny¢, Ny,) and 8, (N, Ny,), which (when weighted by market size)
show the expected numbers of citations received by the marginal entering female and male
patent, respectively. In the status quo, equilibrium arises when the expected “revenue”
(citations) to the marginal patent covers costs, but one more does not: Msg(Ng, Np,) >
Ky > Msy(Ng+1,Ny,) and Ms,,(N¢, Np) > Kp, > s (N, Ny, + 1).

Removing the female influx means reducing Ny to N}) (which T implement below as
bringing the female share of patents to its relative share in 1976). The raises the return to
additional female patents, but they are held fixed for exogenous reasons (reflecting the forces
keeping women out of science in the past).

The male return also rises, and I allow male entry to equilibrate — rise to N}, — so that
Ms, (N2, N > K, > s (N N +1).

Then the inventor-side welfare effect of the female influx into patenting is given by



CS (14 Dg(Ng) + Dp(Ny))

CS°  In(1+ Df(N})) + D, (NL))
Allowing endogenous male entry response is conservative in that raises the value of patents

available in the no-female-influx counterfactual.

3.4 Empirical implications

The welfare effects of a female patent influx depend on three broad things: First, it depends
on the predictability of quality at entry which, in turn, determines how good additional
patents are in relation to existing patents. Second, welfare effects depend on the extent of
substitutability of existing for new patents. Finally, welfare effects depend on whether the
influx delivers net new patents or displaces patents that would otherwise come into existence.
The questions can all be explored descriptively as a means to prepare for modeling. Prior
to estimating an explicit structural model (in Section 6), I explore a number of descriptive

questions in search of evidence on the welfare effects of the female influx.

3.4.1 The influx and the share of citations garnered by female-inventor patents

Osy
ony

One of the empirical questions below is whether the influx of female patents has brought
valuable patents to the patent stock. The framework above makes clear how this might
work. For concreteness, suppose we parameterize Dy = aN}’ and D,, = ¢cN2. How would an
increase in the female share of patents (ny = Nr/N;+n,,)affect the share of citations garnered
by female-invented patents (s;)? This will depend on the relative values of the parameters
{a,b,c,d}, but we can start with a case in which b = d = 0, and a = 6/ = ¢ = é™. In this
case

Osp _

1.
3nf
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More generally, it depends on all of the parameters. Still, it is interesting to measure

951y,
(‘9nf

A high value indicates that a female influx is valuable.

Osy

One of the descriptive empirical questions pursued below is the measurement of 7--.
f

3.4.2 Market expansion

The welfare effect of an influx of female patents depends on the extent to which additional
patents are substitutes for existing patents, as well as what would have happened to entry
absent the female influx. Growth in the number of female patents, if they are valuable, should
“expand the market.” That is, growth in female-invented patents should make extant patents
more valuable and should raise usage.

A challenge with documenting this is that citation practice may also change over calendar
time (not just across vintages with different numbers of female-invented patents). A natural
way to test is to make comparisons across not only vintages but also categories. Do categories
with larger growth in patents generally (and female patents as well) experience larger growth

in citation to those patents?

3.4.3 Displacement

If inventors add patents in expectation of receiving benefits, and if patents are substitutes
for one another, then it is possible that inventive activity by one group displaces inventive
activity by other groups. It is also possible that the demand for innovative activity is
sufficiently high that growth in female inventor activity does not displace male invention

activity. Below I explore whether the grow
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4 Data

The data for this study consist of 6,347,032 patents granted in the US between 1976 and
2022, along with all of their citations to other US patents granted over the same period. The
data include 92.2 million citations to 5,047,238 patents receiving citations. For each citing
and cited patent, I know its WIPO technology category, its grant year, and the number of its
inventors who are women. I classify patents into 35 technology categories according to their
first listed WIPO category.® The data are obtained from the USPTO.* Of the cited patents,
8.27 percent have mostly female inventors (half of more of the inventors), and 17.59 percent
have at least one female inventor. Including the patents receiving no citations, the patents
are cited an average of 13.9 times with a median of 4. The mostly-female patents receive 6.68
percent of these citations, while the any-female inventor patents receive 16.80 percent of the
citations. Figure 3 shows the number of patents by WIPO category. Most categories have
over 100,000 patents. The right panel shows the female inventor shares by category. Using
the any-female definition, these vary between under 10 percent (civil engineering, mechanical
elements) and nearly 40 percent (biotechnology, pharmaceuticals). Female inventor shares
are highest in pharmaceuticals and biotechnology, and this may reflect the relatively high
female shares of biology and health PhDs granted. Female inventor shares are lowest in
categories related to engineering, mirroring the pattern for PhDs granted.

Figure 4 shows the evolution of the female-invented patents granted over time. Of the

patents granted in 1976, under 5 percent are mostly female, and this measure rises to 12

3The resulting categories are analysis of biological materials; audio-visual technology; basic communica-
tion processes; basic materials chemistry; biotechnology; chemical engineering; civil engineering; computer
technology; control digital communication; electrical machinery, apparatus, energy; engines, pumps, turbines;
environmental technology; food chemistry; furniture, games; handling; IT methods for management; machine
tools; macromolecular chemistry, polymers; materials, metallurgy; measurement; mechanical elements; med-
ical technology; micro-structural and nano-technology; optics; organic fine chemistry; other consumer goods;
other special machines; pharmaceuticals; semiconductors; surface technology, coating; telecommunications;
textile and paper machines; thermal processes and apparatus; and transport.

4See https://patentsview.org/.
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percent by 2020. About 7 percent of the 1976 patents have at least one female inventor,
and the share of patents with at least one female inventor rises past 25 percent by 2020.
This increase in the female inventor share appears across virtually all technology categories.
Figure 5 shows the growth rate of the female share based on regressions of the log female
share on vintages. Using the any-female measure, the female inventor share rises by over 3
percent per year in nearly half of categories and by more than 2 percent per year in all but
one of the remainder.

While male and female patents have different average citations, these differences are
swamped by the variability across patents in the number of citations received. Figure 6
illustrates the similarly substantial variability in realized patent quality with the realized
distributions of eventual sample citations (by 2020) to male and female patents granted in
2000. The inter-quartile ranges for both all-male-inventor and any-female-inventor patents
both run from 6 to 33.

Table 2 shows patterns of citation by gender of citing and cited patents, and male and
female-invented patents have different tendencies to cite female-inventor patents. Of the 71.8
million citations from all-male-inventor patents, 15.3 percent are to patents with at least one
female inventor. Of the 20.5 million citations from patents with at least one female inventor,
22.0 percent are to patents with at least one female inventor. In the bottom panel (based
on the mostly female definition), 6.4 percent of citations from male patents are citations
to female patents, while 11.2 percent of citations from mostly female patents are to mostly
female patents. There is therefore a fairly substantial difference in the tendencies of male
and female inventors to cite female-invented patents. Of course, the cross tabulation alone
cannot determine whether these patterns are due to gender or to, say, the mix of technology

patterns by gender.
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4.1 Measures and notation

Documenting the impact of the female influx into patent invention on the value of resulting
patents requires a measure of patent value. For this I follow the literature (Hall et al.,
2005; Kogan et al., 2017) in using the citations to patents as a proxy for their value. In
particular, I measure the relative value of a set of cited patents by the share of citations that
those patents receive. For example, I assume that the share of citations to female-invented
patents, among the total patents granted in some vintage, reflects the share of the value of
those patents attributable to the female-invented patents.’

Some notation is helpful for developing specific hypotheses about the effect of a female
influx. Each cited patent has three characteristics of interest here: its vintage (grant year) v,
the gender of its inventor(s) (g), and its WIPO technology category (w). Each citing patents
also has these three characteristics. I refer to the grant year of the citing patent using ¢ rather
than v to avoid confusion. I employ a notation that distinguishes the citing patents (which I
view as the demand side) from the cited patents (the supply side): I use subscripts to define
characteristics of the cited patents, and I use superscripts to define characteristics of the
citing patents. I use ) to denote numbers of citations and N for numbers of patents.

For example, N, is the number of patents granted in year v, N,, is the number of
patents in technology category w granted in year v, and Ny, is the is the number of patents
in technology category w granted in year v to patents I classify as having female inventors.
I define the female-invented share of patents from a group with lower-case n. For example,

fow

Nfow = ]X,Uw . In words, ny,, is the female-invented share of patents granted in year v and

technology class w.

I define @),,, as the number of citations to patents granted in vintage v and technology

®Jaffe and De Rassenfosse (2019) presents a thoughtful discussion of the use of citations to measure
patent quality. Many of the challenges relate to inferring the value of specific patents from citations. Here,
by contrast, I am trying to measure the share of value attached to a subset of patents from the aggregate
share of citations that those patents receive. I can therefore rely on the law of large numbers for averaging
out the errors in the way that citations reflect the value of each particular patent.
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category w, and I define ()f,, as the citations to patents in technology category w and

vintage v with female inventors. Then sy, is the share of patent citations garnered by female

patents among those in vintage v, so sf, = % Measures of citations are more complicated

than measures of the numbers of patents, as the number of citations to patents in a cited
group will vary across citing years. That is, the number of patents granted in, say, 1980
remains the same during subsequent years. The numbers of citations to the 1980 patents,
by contrast, vary over time. For example, patents granted in year ¢ cite patents granted in
year v, so that Q! is the citations from patents granted in year ¢ to patents granted in year

v and in category w. I define Q"

t
fow

Qbw

o 35 the citations to the female-invented patents among

them, so that sf%,,, =

Citing patents vary not just by their grant years ¢ but also by the gender of their inventors
and the citing patent’s technology categories. We may gain insight into the effects of the
female influx by examining potentially varying tendencies for disparate inventors — by gender
or technology class — to cite female-inventor patents. Accordingly, it is useful to define
measures like the year-t female-inventor tendency to cite female-inventor patents from vintage

tf
QY
QuiT-

v. This is given by s'}]; = Similarly, it is of interest to see how the tendency to cite

female-inventor patents varies across citing patents (and inventors) in different technology

categories. For example, of the citations from patents granted in year-t and technology

tw

fow 18 the share of the citations to

class w to patents from year v and technology class w, s

tw
tw fow

female-invented patents (from year v and class w). That is, s§7, = Gm"-
Below, 1 will explore the effect of the female influx into invention using the empirical
relationship between s; and ny across various groups of patents, as well as for subgroups of

citing inventors.
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5 Descriptive analysis

5.1 The supply of female inventors and the female patent influx

By the early 1980s women were taking the Graduate Record Exam (GRE) in greater numbers
than men. In 1982, 71,845 of the US test takers were men, while 95,235 were women. After
2000, the majority — over 60 percent — of test takers were women. Although average scores
for women are lower than averages for men, there is substantial dispersion. The Educational
Testing Service reports GRE means and standard deviations by gender for US test takers.
Assuming normality, one can calculate the numbers of men and women with scores above
any absolute level. As Figure 1 shows, the influx of women into test taking roughly doubled
the number of US test takers receiving a quantitative score over 700. Shifting tendencies
to go to college and to pursue graduate education provided a rightward shift in the supply
curve for technical talent.

Growing female educational attainment has set the stage for growing participation in
innovative activity. In addition to growing participation in the economy, women have at-
tained more education over time: The female share of bachelor’s degrees granted grew from
15 percent in 1870, 34 percent in 1920, 43 percent in 1970, and 58 percent in 2020.° This
trend extends to graduate education, including the sort of education potentially leading to
innovative activity. Figure 2 shows how the female shares of new PhDs have evolved over
the past half century, as reported by the US Department of Education.” The female share of
PhD grantees varies across fields but has risen in all of them since 1960. At the high end, the
female shares are over 75 percent in psychology, nearly 70 percent in education, and roughly
55 percent in the arts. Among the fields more directly relevant to patents, the female share

exceeds 50 percent in health and biology and by 2018 had reached roughly 20-25 percent

6See Table 156, https://nces.ed.gov/pubs91/91660.pdf and https://nces.ed.gov/programs/dig
est/d21/tables/dt21_318.10.asp?current=yes.
"See Table 352, https://nces.ed.gov/programs/digest/2021menu_tables.asp.
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in math, computer science, and engineering. It is clear that the cadre of doctorate holders,
including those in STEM fields, is growing more female over time. This raises the possibility
of harnessing the innovative potential of a previously less engaged group.

The growing numbers of prepared women has given rise to the growing share of female-

authored patents, reported above in Figure 4.

5.2 Displacement?

Even if new patents from female inventors garner citations, it is possible that the additional
female-invented patents displace male-inventor patents that would otherwise have come into
existence. At the same time, there may be sufficient demand for inventive ability that the
female-induced growth in the number of highly qualified people (based on GRE scores and
PhDs) need not displace male inventive activity. To explore this, I regress the number of

male patents on female patents in each vintage. First, I do this by vintage v.

Nygy = 90 + ‘glnmv + €

Second, I estimate the relationship between male and female patenting within vintages
and technology categories, using both measures of female patents and the following estimat-

ing equation:

Nfow = Y0 + V1 Mmow T o + o + €.

See Table 5. All specifications yield positive coefficients. I do not take this to mean that
female patenting stimulates male patenting; rather, I suspect that both male and female
patenting are driving by changing promise of innovation in different areas. Still, there is no
evidence of displacement. Both male and female patenting are growing.

I undertake two kinds of counterfactuals below. First, compare a status quo vintage
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containing the female influx with a counterfactual environment that removes the female
patent influx. Second, I remove the female influx and allow for an equilibrium expansion of
male-invented patents. It is not clear to me a priori which is the most reasonable exercise to

undertake, but they may together provide bounds on a reasonable estimate.

5.3 Market expansion

The welfare effect of an influx of patents depends in part on whether existing patents serve as
substitutes for the new ones. This is the patent analogue to the usual question of “business
stealing” vs “market expansion.” If new patents were close substitutes for existing patents,
then the benefit of new patents would be small, and growth in the number of extant patents
would not induce more use of patents overall. We can get some evidence on this by examining
citation patterns over time and across patents as the number of patents grows. It is pos-
sible that citation patterns change over time, so the cross-year “experiment” is potentially
uninformative.

Still, there is differential growth in the number of patents available to be cited across
different technologies. This allows me to ask whether citations from patents granted in year
t to extant patents in category w (Q,) grow more quickly in categories where the number

of extant patents (N!) is growing faster. To this end I run regressions of the form:

QL = ANL + py + 1 + €5,

where the 1 terms are fixed effects for cited technology category w and citing year ¢, and &f,
is an error term.

Table 6 reports variants on this regression. Columns (1) and (2) use levels for @ and
N, while columns (3) and (4) use logs. The columns labelled “OLS” lack fixed effects,

while the columns labelled “FE” include w and t fixed effects. All of the estimates of the A
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coefficients are positive, indicating that growth in extant patents in a technology category
attracts growth in citations. This is at least suggestive of market expansion which, in turn,
indicates that an influx of patents provides something not substituted for by what is already

present.

5.4 Are female-inventor patents as cited as male-invented patents?

My goal is to measure the impact of the female influx into patenting on the value of the
female-invented patents. To this end, I seek to measure g%ﬁ — which I term “a” — across
groups of patents, for example by vintage, or by vintage and technology category. Essentially,
this measures how useful are marginal patents in relation to inframarginal female patents.
The cited patent data can be distinguished by inventor gender, vintage v, and technology
w. Hence, the female-invented share of patents (ns) can be disaggregated by vintage as ny,
or by vintage and technology category as myf,,. I seek to measure how the tendency of
citing patents to cite female-invented patents, or s; varies with ny. Like the cited patents
themselves, the flows of citations from citing to cited patents can be disaggregated by cited
patent characteristics. That is, I can measure the shares of citations to female-invented

patents of vintage v (sg,) or the shares of citations to female-invented patents among those

in technology category w (Sfy,). Then I can estimate o using a regression such as:

Sfo = QNfy + €. (1)

This approach identifies the coefficient o from the cross-vintage relationship between the
vintage’s female inventor share (ny,) and the tendency for subsequent patents (and inventors)
to cite the female patents among those in each vintage.

This approach is vulnerable the concern that vintage quality varies over time in a way

that is correlated with, by not caused by, the changing female share of patent inventors.
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Disaggregating to v x w allows inclusion of vintage and technology category fixed effects,
via:

S fow :anfvw+ﬂv+ﬂw+€v- (2)

Equations 1 and provide my basic approaches for measuring the effect of the female influx
on the overall tendency to cite female-invented patents.

Because I know the inventor gender, technology category, and grant year of the citing
patents, I can also estimate the coefficient o separately by these dimensions. I can estimate

separate coefficients by citing patent inventor gender g (¢ = m, f) using:
S?vw = Canf?)’w + ,ug + /"LZJ + 637 (3)

which, given the inclusion of g x v and g x w fixed effects, is effectively citing patent inventor
gender-specific regressions. A comparision of estimated af and o™ indicates the relative
usefulness of the female influx to female vs male inventors of the citing patents.

Similarly, I explore the potentially different as across citing patent inventor technology
categories using:

Sfow = O Mpow + ey + oy + €, (4)

and I explore whether the the usefulness of female-invented patents to citing patent inventors
changes over time using:

Sl}vw = atnf”w + Mf} + :ufw + Ef)' (5)

Finally, I explore the evolution of a by gender and time using:

% = Q' + 8+ 8l 4 €90 (6)
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5.5 The overall value of the female influx

Table 3 reports regressions of fy on ny. The first two columns implement Equation ?? using
the any-female and mostly-female definitions, respectively, and delivers estimates of « of
1.081 (se = 0.251) and 0.0670 (0.0336). The latter two columns use the data disaggregated
to vintage by technology category, and the analogous estimates of « are 1.056 (0.0326) and
1.039 (0.0791). In all but one of the specifications, I cannot reject that o = 1. This is
consistent with the female influx delivering patents that are as valuable, on average, as the

pre-existing female-authored patents.

5.6 The female influx and heterogeneous downstream inventors

Results above indicate that the female influx into inventive activity delivers patents that are
useful to other inventors. I can go further by measuring the impact of the influx of various
kinds of inventors, differing by gender and technology category. The goal of these regressions
is to measure how useful the female influx is to male vs female inventors, and to inventors

whose patents are in various technology categories.

5.6.1 « over time

By estimating Equation 5, we can explore whether the value of the female influx has varied
to citing inventors over time. As Figure 7 shows, « is roughly stable over time.

5.6.2 Citing inventor gender

Table 4 reports estimates of variants of Equation 3. The first two columns using the data
aggregated to vintage and gender of citing patent inventors. The coefficients for female
inventors are substantially higher than for male inventors. This pattern continues in the

latter two columns, which use data aggregated to vintage and technology category of cited
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patents and citer gender. The pattern of coefficients indicates that the female inventor influx
delivers a greater benefit to downstream female inventors than to male inventors.

Figure 8 shows the « coefficients by citing patent inventor gender over time. The female
coefficients are persistently above the male coefficients, but neither series has an apparent

trend.

5.6.3 Citing inventor technology category

Figure 9 presents the a estimates by technology category based on Equation 4. Inventors in
different categories derive different degrees of benefit from the female influx. The coefficients
are high, using both female measures, for “furniture, games” and for “textile and paper

machines” and systematically low for nanotechnology.

5.7 Other measures of female success outcomes

As the female share of patent inventors rises, what happens to other measures of female suc-
cess in science and engineering, such as major scientific honors? I have annual inductees into
the National Academies of Science, Medicine, and Engineering, as well as annual honorees
with the US National Medal of Science. See Figure 10. Each of these shares rises from zero,
or nearly zero, in 1960 to about a quarter in 2020 for the National Medal of Science and
the National Academy of Engineering and beyond 40 percent for the National Academies of
Science and Medicine. To the extent that awards are similarly reflective of accomplishment
for male and female researchers, the growing female shares of award recipients corroborate
the growing contribution to innovation documented in the patent data.

Table 7 shows the relationship between the female share of inductees for each outcome and
the share of patents with at least one female inventor. Each of the coefficients is positive and
significant: As the female share of inventors has risen, so has the female share of recipients

of these elite honors. These results indicate the female influx also affects right-tail success
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outcomes.

6 Measuring welfare effects

The evidence about is clearly suggestive of welfare benefits from the female influx into
patenting. What the exercises above lack is a method for quantifying welfare. I am interested
in measuring the welfare benefit delivered by the female influx into patenting. This, in turn,
requires both a way of valuing the “choice set” of extant patents to inventors, as well as
specification of the counterfactual choice set of patents that would exist absent the female
influx.

I make an analogy between the decision to cite a patent and a consumer’s product choice
problem, with a few adjustments. First, an inventor makes multiple choices to cite patents,
as patents tend to cite more than one patent. Second, unlike a consumer who faces a price
for purchasing a product, an inventor faces no explicit price for citing a patent. I assume
that the price of citing patents is equal across patents.

The exposition that follows uses the plain logit model for clarity, but the model that
I implement uses the nested logit. An inventor i filing a patent makes a series of discrete
choices to cite one of the J; extant patents during year ¢. In particular, for each of the
instances in which an inventor cites a preceding patent, the inventor ¢ chooses a patent j to
maximize utility based on characteristics of the cited patent j as well as an extreme value

error.

uij = xjﬁ‘i‘fj +€ij = 5]' +€ij

This gives rise to expressions for the market share for each cited patent:
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edi

S; = ———.
71454

Moreover, this setup allows for welfare analysis of the choice set of extant patents to
cite. The set of extant patents is changed by the female influx into inventive activity, and I

compare the status quo citeable patent choice set in 2020 to a hypothetical choice set with

fewer female-invented patents. The consumer surplus for a choice set of patents is given by

CS = %ln(l + Xe%).
o'

Here, o is normally a price coefficient in the utility function, and M is market size. We
have no price, so we cannot estimate the dollar value of inventors’ consumer surplus. We
can, however, measure the proportionate change in C'S from a change in the choice set of
available patents.

One way to simulate the absence of a female influx is to reduce the female share of patents
in each vintage to the female-invented share of patents for the first year in the sample, 1976.
This allows the number of female-invented patents granted to grow over time, but it keeps
the female share of each cohort at the 1976 level. It is further necessary to decide which
female patents to remove from the choice set. If patent quality were entirely unpredictable,

then I could remove female patents at random. Yet, the evidence above (that %

6.1 Demand

Define ();; = citations to patent j during year ¢, M; = market size in year ¢, which I define
as the number of patents granted in year ¢, times a scalar (100) representing the number of
possible citations.

Qit
My’

Sjt

Then sj; = St = YjetSjt » Sot = 1 — 8¢, and the inside share is given by s;;, = =
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Then I can estimate the nested logit model as:

Insj; —Insy = 258 + o lnsjym + &

as in Berry (1994). The parameter o reflects the degree of substitutability across patents.
The vector z; contains patent characteristics such as vintage, the gender of the inventor,
and the technology category. Estimation of this model requires an instrument for the inside
share. Natural candidates include the number of available patents to cite. Define Nt as the
number of extant patents, granted up to year t.

I am interested in potentially different substitution patterns for male vs female inventors.
Accordingly I estimate the model separately for male and female inventors. For example, I
can define each of the shares s according to citations from female-invented citing patents.
Table 8 reports OLS and IV estimates of the parameters, as well as first stages.

Table 9, separately by citing inventor gender. Using OLS, the male substitution pa-
rameter is 0.928, while the female parameter is 0.783. The IV estimates indicate lower
substitutability: 0.523 for male inventors and 0.343 for female inventors. Lower substitution
parameters indicate that growth in patents expands the market more. That is, they raise

total citations rather than just diverting citations from other patents.

6.2 Supply/entry

The supply side of the model depends on the predictability of quality at entry. Patents
are assumed to enter in order of expected quality. I implement this by predicting realized
quality. To this end, I regress realized quality of a patent cohort on characteristics of the
patents, and their inventors, known at the time of entry. That is, I regress d; on measures of
the numbers of patents, and patent citations, received by inventors on the current pattern,

as well as technology category indicators. The regression’s R-squared is roughly 10 percent.
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Because there are some significant coefficients — and because R-squared is not zero — there
is some predictability; but the predictability is far from complete. The predicted quality of
each patent is then used to sort patents into an entry order.

To solve the entry model, I need empirical measures of expected D¢(Ny) and D, (Ny,). 1
obtain Dy(Ny) as follows. I sort the female-invented patents in the 2020 choice set according
to predicted quality 5;-. Using this ordering — and illustrating with plain logit — the realized
dp(Ny) =53¢, €%,

I obtain my measured of the expected sum D;(Ny) with the following parameterization.
I regress the vector of In(ds(ns) on In(ny) and a constant. The resulting two parameters then
allow me to parameterize Df(Ny) = ayN ?'f . I do the analogous exercise for male-inventor
patents.

I simulate an environment without the female influx in two ways. First, I simply remove
female-invented patents from each vintage (and technology category) to bring the ratio of
female to male patents in the vintage to its 1976 level. That is, I remove female-invented
patents without adding male patents. This is a reasonable characterization if we expect no
displacement relationship between male and female-invented patents.

Second, I allow for a male inventor entry response. Using my estimated D(N) functions, I
solve for the number of male patents needed, absent the female influx, to bring the expected
citations of the marginal male patent to the expected citations for the marginal entering
male patents in the presence of the female influx. This equilibrium approach will generate
smaller welfare effects of the female influx, as the counterfactual environment without female
patents has some compensation in additional male patents.

Table 10 reports results from the nested logit simulations with imperfect predictability.
Relative to a world without the female influx, the influx raises overall inventor CS by 2.7
percent. Female inventors gain 4.6, while male inventors gain 2.1 percent. Citations to

female-invented patents are much higher (38.6 percent) with the influx, while citations to
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male patents are 3.9 percent lower. When I allow for a counterfactual male inventor patent
response to the elimination of the female influx, CS effects are muted. The influx raises overall
CS by 1.2 percent (2.8 percent for female inventors, and 0.7 percent for male inventors). It
is important to note that in these simulations, the influx raises the female share of patents
from about 10 percent to about 20. A continued growth in female participation could of

course raise welfare more.

7 Conclusion

Large segments of the population have traditionally been absent from innovation activity,
raising a concern that society has missed out on valuable innovations because of insufficient
inclusivity. Between 1976 and 2020 the share of patents with at least one female inventor has
risen from under a tenth to over a quarter, making it possible to measure the impact of more
inclusive innovation on the value of the additional innovations. I document growing numbers
of women prepared to innovated in technological fields and I document that as the share of
patents in a vintage and technology category cell have risen, the share of the citations received
by female-invented patents in the cell has risen nearly proportionally. Despite a persistent
gender differential in the tendency to cite female-inventor patents, the absence of evidence
that new female-invented patents displace additional male patents, indicates that the female
influx into patenting has delivered valuable innovations. Direct welfare measurement shows
that the “consumer surplus” enjoyed by inventors is between 1.2 and 2.7 percent and even
higher from the perspective of female inventors, who make greater use of female-invented

patents.
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8 Figures and Tables
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Figure 9: Influx effect by user/inventor tech category
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Table 1: Sample description

% of citations to

dataset . female- 7 patents citations female-invented  # cells
invented %  per cell per cell
patents

v 15.98%  111,890.8 1,988,526.0 16.69% 45
W 17.19% 3,215.2 57,141.1 17.67% 1,566
g VW 28,588.8 19.40% 3,130
W_VW 1,932.5 18.50% 46,263
gW_vW 1,082.2 19.89% 82,520
tovw 2,521.6 14.43% 35,483
gt_vw 1,280.0 15.88% 69,889
wt_vw 157.0 19.98% 555,528
ewt_vw 108.8 22.70% 791,347

Notes: Datasets are aggregations of the underlying patent and citation data by citing and
cited patent characteristics. Cited patent characteristics are vintage v and technology category
w. Citing patent characteristics are inventor gender g, technology category w, and year of citing
patent ¢. Datasets are denoted by z_y, where z is citing patent characteristics and y is cited
patent characteristics. The table uses the any-female definition of female-invented patents.

Table 2: Cross-gender citations

ANY cited:

male female total

citing: male  84.66% 15.34% 71,750,755
female 77.96% 22.04% 20,450,175
total  83.17% 16.83% 92,200,930

MOST cited:

male female total

citing: male 93.62%  6.38% 86,300,214
female 88.78% 11.22% 5,900,716
total 93.31% 6.69% 92,200,930

Notes: In the top panel a citation’s patent has a female inventor if any of its inventors are
women. In the bottom panel a citation’s patent has a female inventor if half or more of its
inventors are women. A row shows the percent of citations from, say, male-inventor citing
patents that are to male and female-invented patents.
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Table 3: Regression of female citation share on female patent share

(1) (2) (3) (4)

any: v most: v any: v,w most: v,w

female-inventor share  1.059***  0.822°**  0.988"**  (.868***
(0.0170)  (0.0334)  (0.0700)  (0.0797)

%servations 45 45 1722 1715
R? 0.989 0.932 0.852 0.682

Notes: Dependent variable is the share of citations garnered by female-inventor patents.
Columns (1) and (2) aggregate to the patent vintage. Columns (3) and (4) aggregate to cited
patent vintage (v) x technology category (w) and includes v and w fixed effects. Columns (1)
and (3) use the any-female definition, and columns (2) and (4) use the mostly-female definition.

Table 4: Use of female patents by inventor gender

(1) (2) (3) (4)
any: v most: v any: v,w most: v,w
0.df_ing x female share of patents 0.781*** 0.616***
(0.0524) (0.0915)
1.df_ing x female share of patents 1.6417** 1.284***
(0.0524) (0.0755)
dmostf_ing=0 x female share of patents 0.647** 0.574%**
(0.102) (0.128)
dmostf_ing=1 x female share of patents 2171 1.818***
(0.102) (0.154)
Observations 90 90 3435 3417
R? 0.943 0.900 0.788 0.643

Notes: Dependent variable is the share of citations garnered by female-inventor patents. Col-
umn (1) aggregates to the patent vintage. Column (2) aggregates to cited patent vintage (v)
x technology category (w) and includes v and w fixed effects. Column (3) aggregates to citing
patent year ¢ and cited patent vintage and technology category (w), or to t X v x w and includes
t, v, and w fixed effects. Column (4) uses the same data as column (3) but includes fixed effects
for t x v and t X w. These regressions use the mostly-female definition.
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Table 5: Displacement of male patents

0 @ ® @
any any most most
female patents 2.360***  2.931"** 6.237*** 6.236™**
(0.146)  (0.0292) (0.237)  (0.0604)
Observations 45 1722 45 1715
R? 0.856 0.952 0.940 0.952

Notes: Dependent variable is the number of patents created by male inventors, while the
independent variable is the number created by female inventors. The columns labelled “most”
define female patents as those with half or more female inventors. The columns labelled “any”
define a patent as female if any of its inventors are female. The independent variable is the
female share of patents granted. Columns (2) and (4) use data by grant year and WIPO
technology category and include grant year and technology category fixed effects.

Table 6: Patent growth and market expansion

(1) (2) 3) (4)

OLS FE OLS FE
cat w patents extant in t 1.310***  1.651***
(0.0309) (0.0495)
log cat w patents extant in t 1.239***  1.136***
(0.0135)  (0.0365)
%servations 1567 1567 1567 1567
R? 0.535 0.698 0.844 0.940

Notes: Dependent variables are the year-t citations to patents in a technology category. The
independent variable of interest is the number extant patents in the category. The data are
citing year x technology category. The first two columns use levels, and the last two use logs.
Columns labelled “FE” include technology category and citing year fixed effects.

Table 7: Female award recipients and female patenting

(1) (2) (3) (4)
NAE ~ NAM  NAS  NMS

female patent share 0.962*** 1.461*** 1.427*** 1.250***
(0.135) (0.130) (0.117) (0.312)

%servations 45 44 45 34
R? 0.531 0.745 0.771 0.313

Notes: Dependent variables are the shares of inductees in a year, while the independent
variable is share of patents with at least one female inventor granted during a year. The
columns represent the National Academy of Engineering, the National Academy of Medicine,
the National Academy of Science, and the National Medal of Science.
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Table 8: Logit demand estimates

1) (2) 3)
OLS 1st stg I\Y
Isin 0.866™** 0.581***
(0.0000449) (0.000103)
(mean) df_ed  0.000879*** 0.00495***
(0.0000907) (0.000165)
N 0.000000380***
(1.05e-08)
N_sq -2.24e-13***
(2.81e-15)
IN -1.209***
(0.00418)
Observations 30023659 31130714 30023659
R? 0.952 0.380 0.844

Notes: Columns (1) reports the uninstrumented demand model. Columns (2) reports the IV
estimate, and column (3) reports IV. N refers to the number of patents available to be cited
during the observation’s year.
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Table 9: Logit demand estimates by inventor gender

(1) (2) (3) (4) (5) (6)
OLS:male  OLS:female 1st stg:male 1st stg:female IV:male IV:female
Isin0 0.885*** 0.640***
(0.0000417) (0.0000953)
(mean) df.ed  0.00135***  -0.00892*** -0.000458***  0.0124***
(0.0000823)  (0.000197) (0.000147)  (0.000284)
Isinl 0.716*** 0.432***
(0.000142) (0.000168)
N -0.000000412***  0.00000233***
(1.05e-08) (1.55e-08)
N._sq 2.46e-14** -7.60e-13***
(2.83e-15) (4.14e-15)
IN -0.885*** -2.350***
(0.00420) (0.00628)
Observations 26050184 9726302 27009083 10057029 26050184 9726302
R? 0.965 0.868 0.379 0.567 0.887 0.721

Notes: Columns (1) and (2) report uninstrumented demand models for male and female inventors, respectively. Columns (3) and
(4) report first-stage regressions, and columns (5) and (6) report the IV estimates. N refers to the number of patents available
to be cited during the observation’s year.
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Table 10: Welfare estimates

inventor surplus citations (”revenue”) patents (entry)
% change status quo rel to: overall female male overall female male overall male female
status quo 0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00
no female influx 2.69 4.58 2.08 2.64 38.58  -3.78 8.68 0.00 68.81

no FI, endogenous male entry 1.17 2.78 0.67 1.15 41.62  -5.79 3.15 -5.79  68.81

Notes: The table shows the percent change in the columns outcome for the status quo relative to either a) environment with
no female influx and no endogenous male entry response, or b) no female influx, with a male entry response. The estimates are
based on the nested logit demand model and an entry model with imperfect predictability.
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