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1 Introduction

“[Offering inventors exclusive rights to their invention outcome] added the
fuel of interest to the fire of genius, in the discovery and production of new
and useful things.”

— Abraham Lincoln (Basler 1953, p. 363)

Innovation is a driving force of economic growth, yet R&D production inherently suf-
fers from a principal-agent problem (Merges, 1999), which arises between the legal reality
of employer-owned R&D and the economic importance of employee-inventor incentives. Its
severity depends on the ownership of the R&D outcome (Aghion and Tirole, 1994). The
tension raises questions that remain understudied: How does the allocation of R&D own-
ership between employers and inventors affect the aggregate growth rate of the economy,
and how does it shape the distribution of innovation across heterogeneous firms? This study
provides a general equilibrium framework connecting the ownership of R&D outcomes to
firm dynamics and aggregate growth. I use this framework to examine how policies gov-
erning employee-inventors’ R&D ownership affect innovation through their interaction with
inventor incentives.

This paper is motivated by two stylized facts regarding innovation output and inventor
payoff. First, inventors’ statutory R&D ownership rights positively affects their output.
When institutional environments shift and inventors lose ownership of their inventions, their
productivity declines. Second, offering inventors compensation that ties their income to firm
performance increases innovative output.

Motivated by these facts, I build an endogenous growth model in which the innovation
ownership regime dictates the equilibrium contract between inventors and firms. This, in
turn, determines the employee-inventor’s incentive to exert effort, drives the self-selection of
inventors into firms of different sizes, and alters aggregate growth and the distribution of
innovations. I calibrate the model to match empirical moments on innovation ownership,
inventor output heterogeneity, and the growth rate. Using this calibrated framework to
analyze counterfactual policies, I show that the interaction between R&D ownership and
inventor incentives is essential for understanding firm dynamics and economic growth. The
counterfactual exercise shows that, when inventors are granted 50% direct ownership of their
innovation output, inventors move to large firms and the growth rate rises from 2% to 3%,
implying the importance of micro-level contracting frictions. Both the aggregate and the
distributional effects found in the counterfactual exercise are consistent with their empirical
counterparts.
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In the model, each inventor is endowed with an idea of idiosyncratic quality (a la Abowd
et al. (1999)) and chooses whether to participate in the R&D sector or to provide labor as
a worker. If she chooses to participate as an active R&D inventor, she next chooses to join
a firm of her preferred size. The inventor allocation across firms determines the distribution
of innovation and the aggregate growth rate.

At the core of the theoretical framework is a principal-agent problem driven by the
unobservable nature of an inventor’s effort. The intensity of the incentive problem increases
in firm size. The total incentive for an inventor to exert effort is a combination of two
elements: her legal share of direct R&D ownership and the indirect share from the equity-
wage contracts offered by her employer. However, offering an equity share forces the firm to
navigate a trade-off between improving the inventor’s incentives and exposing the inventor
to the broader volatility of the business. The effectiveness of equity contracts decreases
with firm size, and hence so does the optimal equity share offered. In a small firm, a single
inventor’s idea accounts for a large fraction of the firm’s total value, so the firm’s equity is
tightly tied to the outcome of her innovation. This makes equity a highly effective incentive
device, and the firm optimally offers a larger equity share to the inventor. As a result,
inventors are more strongly incentivized in smaller firms. In contrast, the equity of a large
firm is tied to many unrelated activities. Consequently, large firms are structurally less
effective at using equity to motivate talent, leading to weaker overall incentives and lower
innovative effort.

Counterbalancing this incentive disadvantage, large firms possess an advantage in the
form of synergy. The expected economic value of an inventor’s idiosyncratic idea is amplified
when implemented by a larger firm, as they can leverage their established production scale
and broader knowledge base to maximize the commercial impact of the new technology. The
synergy is particularly valuable for implementing higher-quality ideas, though at the same
time, working in a larger firm increases the inventor’s management cost. Consequently, the
framework features an endogenous selection effect: inventors self-select into firms of different
sizes trading off the high-powered equity incentives of small firms, the synergy of large firms,
and the management cost. Inventors evaluate this tension alongside the prevailing legal
ownership regime. When the ownership regime is more pro-employer, inventors rely more
on equity to align incentives, so they opt for smaller firms where equity is more effective.
Additionally, inventors make participation decisions by trading off the payoff from supplying
labor against the payoff from supplying ideas. When facing greater agency friction, the
payoff of acting as an active R&D employee drops. Hence, more potential inventors choose
to supply labor instead. This agency friction drives an endogenous self-selection of inventive
talent across different firm types, dictating not only the aggregate rate of endogenous growth
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but also the concentration of innovative activity across the firm-size distribution.
The model yields three key predictions. First, when the firm retains 100% R&D own-

ership, compared with the optimal R&D ownership split schedule, the firm optimally offer
equity stakes to the inventor to compensate for the inventor’s lost direct ownership. How-
ever, this offset is incomplete. Incentives are diluted and the inventor’s effort decreases,
especially in large firms. Second, as the inventor’s direct R&D ownership rises, the firm
reduces the equity stake it offers. Because equity is a diluted substitute for direct ownership,
this offset is incomplete, and the inventor’s effective incentives strengthen on net, raising
effort. Third, the assignment of inventors across firm types depends systematically on the
ownership regime. When firm ownership increases, inventors opt for smaller firms, where
equity provides stronger incentives that compensate for the loss of direct ownership. Col-
lectively, these predictions rationalize the stylized facts described above and yield testable
implications.

The model’s central mechanism operates through a specific contract space: firms in-
centivize inventors using a combination of fixed wages and equity stakes. This structure is
not directly observable in standard datasets, but the assumption generates testable impli-
cations. When statutory R&D ownership is exogenously shifted toward employers, inventor
output should decline. This decline should be smaller in small firms, where equity remains
a potent incentive device because an individual inventor’s innovation accounts for a large
share of firm value. I test this prediction by exploiting a quasi-natural experiment that
exogenously transferred R&D ownership from employee-inventors to employers. Using a
difference-in-differences design, I find that the ruling reduced inventors’ patenting output,
with the negative effect systematically mitigated in small firms across measures of patent
quantity, quality, and quality-weighted output, consistent with the implication of the con-
tract space assumption.

To quantify how R&D ownership affects economic growth and the distribution of inno-
vation across firms, I calibrate the model and run counterfactual experiments that reassign
R&D ownership between inventors and firms. The model benchmark is calibrated to the
United States, where 98% of R&D ownership is assigned to employers under the baseline
statutory regime. In the counterfactuals, I hold all parameters fixed except the inventor
ownership share. I then compute the change in the annual growth rate and in the share
of innovations developed in small firms, defined as firms with no mroe than 500 employees.
I find that shifting R&D ownership from firms back to inventors leads to higher economic
growth, consistent with the data. This effect on the growth rate increases nonlinearly with
the magnitude of the shock. In the baseline economy (characterized by 98% firm ownership),
the growth rate is calibrated to 2%. When inventors are assigned a 10% R&D ownership
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share, the growth rate increases to 2.03%, translating to a 0.66% proportional increase in
aggregate growth relative to baseline. When 50% of R&D ownership is assigned to inven-
tors, the growth rate increases to 3.09%, translating to a 53.54% proportional increase in
aggregate growth relative to baseline.

Meanwhile, this aggregate gain is accompanied by the reallocation of innovations be-
tween small and large firms. When inventors hold 10% ownership of their R&D outcome, the
share of innovations produced by small firms drops by 38.81%. When inventors hold 50% of
R&D ownership, all innovations shift to large firms. This quantitative dynamic aligns with
the direction of the empirical facts: as the exogenous legal shift toward employer ownership
disproportionately depressed innovation within large firms in the data, restoring inventor
ownership in the model disproportionately benefits large firms. The quantitative analysis
thus highlights a trade-off governed by legal institutions: while higher inventor ownership
promotes aggregate growth through better incentives and greater commercialization syn-
ergy, it heavily concentrates innovative activities within large firms, suppressing small-firm
innovation dynamics.

I further decomposes the results sequentially into three channels: a contract channel,
an inventor reallocation channel, and a participation channel. In the exercise, I sequentially
add one channel at a time. The contract channel isolates the endogenous adjustment of
equity-wage contracts and the corresponding change in unobservable effort. It always has
a positive impact on the aggregate growth rate, regardless of the direction of the R&D
ownership shift. The inventor reallocation channel allows inventors to endogenously relocate
across the firm-size distribution. It captures how ownership regimes alter the sorting of
inventors across firms to maximize the expected value of their utility. In the 10% ownership
case, the contract channel accounts for 20.45% of the aggregate growth improvement, while
adding the reallocation channel contributes an additional 37.12%. The participation channel
captures inventors’ occupation choice, where an enhanced R&D payoff induces an expansion
of the active R&D workforce. Adding the participation channel contributes 42.42% in the
10% ownership case. This decomposition demonstrates that R&D ownership regimes affect
the growth rate and the distribution of innovation by altering individual motivation, shifting
inventive talent across firms, and changing the size of the R&D workforce.

Additionally, I also explore the optimal R&D ownership allocation when both firms and
inventors can credibly commit to transfer R&D ownership ex ante. In this case, the R&D
ownership allocation is determined endogenously between each firm-inventor pair. Inventors
trade off between incentive, synergy and management cost. The aggregate growth doubles,
increasing from 2% to about 4%. This result underscores the importance of R&D ownership
for the aggregate growth rate. The findings imply that R&D policies, such as R&D subsi-
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dies directed at employers, may be blunted if the underlying legal architecture fails to pass
incentives through to the actual inventors.

Related Literature This paper develops a macroeconomic framework of endogenous
growth that explicitly models the internal incentive structures driving the allocation of in-
novation across firms and the aggregate growth rate. Traditionally, the endogenous growth
literature treats the firm as a unitary decision-maker when modeling innovation dynamics
(Klette and Kortum, 2004; Phillips and Zhdanov, 2013; Cunningham et al., 2021; Buera and
Oberfield, 2020; Perla et al., 2021). While an emerging strand of research explores the mar-
ket for ideas (Silveira and Wright, 2010; Chatterjee and Rossi-Hansberg, 2012; Chiu et al.,
2017) and the specific role of inventors (Bhaskarabhatla et al., 2021; Akcigit et al., 2025), the
frictions arising from incomplete contracting between inventors and their employers remain
underexplored in general equilibrium. By highlighting this incentive channel both empiri-
cally and theoretically, this paper offers a new perspective on how micro-level contracting
frictions aggregate to determine economy-wide growth.

The core mechanism of this paper is an agency friction affecting individual innovative
productivity. This dynamic intersects with the well-documented decline in innovation pro-
ductivity (Bloom et al., 2020). While recent studies rationalize this decline through the
strategic, defensive behavior of incumbent firms protecting their market power (Akcigit and
Goldschlag, 2023), this paper proposes a complementary channel rooted in agency frictions.
This reconciles two stylized facts: declining R&D productivity and the rise of superstar firms
(Autor et al., 2020). This paper shows that when firms retain the majority of R&D owner-
ship, the difficulty of providing equity-based incentives intensifies with firm size, dampening
inventors’ productivity in large firms.

To empirically and theoretically ground the agency frictions, this study formalizes the
role of ownership in innovation. The theoretical literature establishes that assigning residual
control rights to the inventor is crucial for incentivizing inventor effort, because employ-
ment contracts are incomplete (Grossman and Hart, 1986; Aghion and Tirole, 1994; Hart,
1995). The importance of R&D ownership is also supported by empirical studies examin-
ing the relationship between inventor incentives and innovation outcomes (Lerner and Wulf,
2007; Onishi, 2013; Giarratana et al., 2018; Hvide and Jones, 2018; Alok and Subramanian,
2023; Suh, 2023). However, this microeconomic literature has primarily focused on partial
equilibrium outcomes without tracing the macro-level consequences. This paper embeds
this micro-mechanism into a macroeconomic model, providing a framework to evaluate the
aggregate implications of R&D ownership.

Building on this ownership structure, the model introduces a mechanism through which
inventors self-select into firms of different sizes. This is related to the classic literature on firm
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boundaries (Coase, 1937; Hart and Moore, 1990, 2008) and the literature on the allocation
of R&D. Recent macroeconomic contributions have explored how firms’ size and scope affect
their innovation strategies (Akcigit et al., 2016; Akcigit and Kerr, 2018; Ma, 2022; Jo and
Kim, 2024). This paper provides an additional angle by demonstrating that the distribution
of innovation across the economy is also driven by inventors sorting between small and large
firms, depending on the R&D ownership regime.

Finally, this study informs the debate regarding R&D policy. Standard growth models
typically treat firms as the representative innovating agent determining R&D inputs (Romer,
1990; Klette and Kortum, 2004), leading to predictions that R&D subsidies yield large effects
(Akcigit et al., 2025). However, empirical evidence suggests that the actual effects of R&D
policy are often minimal (Goolsbee, 1998; Wilson, 2009). This paper provides an explanation
for this discrepancy. This paper argues that the limited effectiveness of R&D subsidies stems
from a misalignment between policy and inventor incentives. When subsidies are directed to
employers under pro-employer ownership regimes, the lack of incentive pass-through severely
blunts the macroeconomic effectiveness of innovation policy.

The rest of the paper is organized as follows. Section 2 reviews the institutional back-
ground governing R&D ownership. Section 3 summarizes stylized facts in the literature.
Section 4 constructs a model where inventors make decisions about joining firms of specific
sizes conditional on the ownership regime. I derive predictions about inventor productivity
and the allocation of inventors across firms. Section 5 calibrates the model. Section 6 con-
ducts quantitative exercises to evaluate the growth and distributional effects of shifts in the
R&D ownership regime. Section 7 discusses the assumptions and extensions of this paper.
Section 8 concludes.

2 Institutional Background

The incompleteness of inventor employment contracts makes the allocation of R&D own-
ership rights crucial for determining inventors’ innovative output. Given the complexity
of innovative activity, employment contracts cannot fully anticipate or describe the various
dimensions of inventor effort. Furthermore, the rich interactions between a specific innova-
tion’s implementation and all of a firm’s other activities makes it difficult for a contract to
fully capture the possible outcomes of an inventor’s effort ex ante. These frictions imply
that the allocation of R&D ownership plays a crucial role in determining the severity of the
agency problem. This section outlines the relevant institutional background.

To evaluate how R&D ownership shapes innovation output, it is first necessary to de-
fine the economic boundaries of an R&D outcome. The knowledge generated during the
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innovation process is embedded both in patents and in the inventor herself, in the form of
tacit know-how. Consequently, an inventor’s incentive to exert effort depends on the joint
ownership of both the patent and human capital, a composite I define as R&D ownership. In
the United States, this effective R&D ownership is governed by two sets of legal instruments.
The formal ownership of patents is determined by the interplay between common law, prein-
vention assignment agreements (PIAAs), and state-level statutes (Alok and Subramanian,
2023). The ownership allocation of human capital is governed by non-compete agreements
(NCAs), which restrict inventor mobility and effectively determine whether the inventor can
realize the human-capital component through mobility (Garmaise, 2011).1

Common law clearly assigns patent ownership only at two extremes—explicit employer
mandates and fully independent inventions — leaving the vast majority of innovative activity
in a legal gray area (Parker, 1983). PIAAs resolve this ambiguity by obligating employees to
assign all rights and interests in any inventions made or conceived during the employment
term to the employer (Dratler Jr, 1979). In the United States, PIAAs are widely adopted,
especially among innovating firms, which require prospective employees to sign one as a
precondition for employment (Pisegna-Cook, 1993; Merges, 1999).2 The enforcement of a
PIAA implies that essentially all inventions belong to the employer, granting the firm the
legal apparatus to appropriate even those innovations that are entirely unrelated to the
employment relationship. The combination of its expansive scope and universal adoption
dictates that the PIAA governs the ownership of patents.

Recognizing the expansive reach of PIAAs, eight U.S. states enacted pro-employee “free-
to-create” statutes in the late 1970s and early 1980s (Gullette, 1980; Coolley, 1985), permit-
ting inventors to retain ownership of inventions made on their own time and unrelated to
the employer’s business. Separately, NCAs restrict inventor mobility, transferring effective
control over the human capital generated by the innovation process from the inventor to the
firm. Together, these four legal instruments define the inventor’s effective R&D ownership,
which is the joint control over both the patent and the human capital embedded in the
inventor. PIAAs and free-to-create statutes govern the patent component; NCAs govern the
inventor’s residual claim on the tacit know-how component. The remainder of the paper
takes this effective share as a single statutory primitive, denoted ϕ in the model of Section 4.

1A detailed discussion of each legal instrument is provided in Appendix A.2.
2Although one might naturally expect that the ideal ownership setting depends on the inventor-firm pair,

the standard PIAA is widely adopted. As a result, nearly all innovations are automatically assigned to the
employer. Section D provides a discussion of this.
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3 Stylized Facts

Before developing the general equilibrium framework, this section synthesizes a set of stylized
facts from the empirical literature that establish a relationship between property rights
and inventor productivity. Across diverse institutional and geographic settings, empirical
evidence consistently demonstrates a pervasive incentive channel: stripping inventors of
residual control rights systematically depresses their R&D effort and innovative output.
These stylized facts motivate the macroeconomic model of endogenous growth developed in
this paper, which incorporates the incentive structures governing innovation.

Fact 1: Inventors’ statutory R&D ownership rights positively affect their
output.

The legal allocation of R&D ownership to employee-inventors directly shapes innovation
outcomes. Evaluating an institutional reform in Norway, Hvide and Jones (2018) document
that a legal shift in invention ownership from researchers to universities caused a severe
decline in innovative output. Following a policy in 2003 that transferred two-thirds of intel-
lectual property rights to universities, the patenting rates of researchers fell by approximately
50%, accompanied by significant drops in patent quality and university startup rates, the
latter being a primary channel for commercializing innovation.

Beyond the academic context, Alok and Subramanian (2023) evaluate variation in state-
level legislation across the United States and find consistent state-level evidence within the
corporate sector. Exploiting the passage of state laws that restricted employers’ claims
on employee-inventors’ inventions and strengthened inventors’ residual property rights, the
authors find that pro-employee legal shocks boost corporate innovation. Patent counts rise
by 14%, while patent quality also improves. Acharya et al. (2014) also corroborates this
statutory incentive channel.

Fact 2: Compensation schemes that tie inventors’ income to firm perfor-
mance increase innovative output.

When statutory regimes favor employers, firms can rely on alternative compensation
mechanisms to bridge the incentive gap. However, the inventor employment contracts are
incomplete. First, inventor effort cannot be fully described. Second, firms cannot credi-
bly commit ex ante that they will compensate an inventor ex post. Therefore, contracts
contingent on effort or specific innovation outcomes are not feasible. Employers instead
rely on indirect incentive tools such as revenue-based compensation and stock grants to
improve employee-inventors’ performance. Analyzing Japanese firm data, Onishi (2013)
finds that while Japanese law requires firms to offer “reasonable remuneration” in exchange
for appropriating an employee’s invention, corporate surveys reveal that firms deploy these
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compensation plans primarily to “enhance inventor motivation” beyond what a fixed wage
can achieve. Indeed, implementing revenue-based compensation significantly increases an
inventor’s patenting output, and this effect is more pronounced in small firms.

This effect is confirmed by firm and inventor survey data. Lerner and Wulf (2007) use
European survey data and reach a similar conclusion. The paper demonstrates that compen-
sating R&D heads with incentives which ties the employees’ income to firms’ performance,
rather than fixed wages, systematically increases quality-weighted patent output. Further-
more, Giarratana et al. (2018) highlight the importance of tying compensation directly to an
inventor’s own innovative outcome. This compensation structure increases inventor effort,
measured by self-reported interactions with other researchers and time devoted to research
and development. This higher effort, in turn, drives the increase in realized innovative out-
comes.

Taken together, these stylized facts indicate that both statutory R&D ownership and
compensation tied to innovation value positively affect innovative output, and this rela-
tionship holds across diverse datasets and environments. The consistent direction of these
findings motivates the theoretical framework developed in Section 4, which formalizes the in-
centive channel through which statutory R&D ownership and endogenous employee-employer
contracts jointly determine innovative effort and aggregate economic growth.

4 Model

I build a continuous-time model of endogenous growth in which firms compete to attract
inventors for innovation. The goal of this model is to study how R&D ownership affects
the distribution of innovation across firms and aggregate growth. The economy features a
representative household, short-lived inventors, a competitive final good sector, and a contin-
uum of heterogeneous intermediate firms. Upon drawing an innovative idea of idiosyncratic
quality, an inventor optimally selects a firm of her preferred size to develop her idea into an
invention. The central mechanism of the model hinges on a principal-agent friction: because
innovative effort is unobservable, the effective incentive to innovate is jointly governed by
the exogenous statutory allocation of R&D ownership and the firm’s optimal design of an
equity-wage contract.

4.1 Preferences

A representative household provides labor and consumes final goods. The household is
long-lived and supplies one unit of labor inelastically with one unit of human capital. The
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household’s preferences are given by a utility function:

UH =

∫ ∞

0

e−ρt log(CH(t))dt, (1)

where ρ > 0 is the discount rate and CH(t) denotes the consumption of final goods of the
household at time t.

A continuum of risk-averse inventors of unit measure is born at each instant. Inventors
are short-lived, existing only for an infinitesimal interval dt. An inventor exerts unobservable
effort eI(t) to produce innovations within intermediate firms and consumes final goods. In-
ventor preferences are specified using a mean-variance utility function defined over stochastic
consumption cI(t) and effort eI(t):

UI (cI(t), eI(t), q(t)) = E (cI(t))− A
Var (cI(t))

V (t|q̄(t))
−R (eI , q, q̄(t))V (t|q̄(t)), (2)

where cI is consumption, A > 0 is the degree of risk aversion, and R(eI , q, q̄(t))V (t|q̄(t))
represents the associated disutility cost of effort, where

R(eI , q, q̄(t)) =
1

1 + δ
eδ+1
I + η

q

q̄(t)
. (3)

It combines two types of cost: an effort cost that increases in effort, and a management
cost that increases in firm size3. q̄(t) (defined below) is the average quality in the economy
at time t, and V (t|q̄(t)) is the value of a firm whose size equals the average quality. The
variance, the effort, and management costs are normalized by V (t|q̄(t)) to ensure the problem
is stationary.

In addition to engaging in risky innovation, an inventor has the outside option of entering
the labor market alongside the representative household, supplying ξ units of effective human
capital. This alternative yields a reservation utility of ŪI(t) = cLI (t), where cLI (t) denotes
the inventor’s consumption when supplying labor. In equilibrium, a share lI(t) of inventors
will opt to supply labor, while (1 − lI(t)) of inventors develop R&D. Finally, aggregating
across the unit measure of agents, the total consumption of the inventor cohort is given by
CI(t) =

∫ 1

0
cIi(t)di, where i indexes individual inventors.

4.2 Technology

The economy features two types of firms: intermediate goods producers and final goods
producers, as in Akcigit and Kerr (2018). Both types of firms are owned by the household.
Intermediate goods producers hire inventors to develop innovations and produce intermediate
goods. Final goods producers assemble intermediate goods into final goods.

The final goods producers use a continuum of intermediate goods of measure 1 to pro-
3In equilibrium, firm size is linear in its quality q. The proof is in Section 4.7.
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duce final goods, with a production technology similar to that in Akcigit and Kerr (2018):

Y (t) =
1

1− β

∫ 1

0

qβj (t)y
1−β
j (t)dj. (4)

In this function, qj(t) is the quality of the intermediate good j for j ∈ [0, 1], and yj(t) is
its quantity. I normalize the price of the final good to one in every period. The final good
producers are perfectly competitive, taking input prices as given. Henceforth, I will drop the
time index t when it does not cause confusion.

The final goods are consumed by the household and inventors. The resource constraint
of the economy is:

Y = CH + CI . (5)
The intermediate goods producers form a continuum of risk-neutral firms with unit

measure. Each firm produces one type of good, with a using a linear, labor-only technology:
yj(t) = q̄(t)lj(t), (6)

where lj(t) is the firm’s total human-capital-adjusted labor input. Each household member
contributes 1 unit of effective human capital, while each inventor who supplies labor con-
tributes ξ units. q̄ =

∫ 1

0
qjdj is the average quality level of the economy. The labor cost per

firm is w(t)lj(t), where the wage w(t) is taken as given. Labor market clearing requires∫ 1

0

ljdj ≤ 1 + ξlI(t). (7)

where ξlI(t) is the total effective human capital supplied by inventors at time t, implying
that a share of lI(t) inventors choose to supply labor instead of working in the R&D sector.

This paper focuses on the balanced growth path. I normalize the variables using the
average quality q̄. I denote the normalized variables using a tilde:

q̃j ≡
qj
q̄
. (8)

4.3 Innovation

The innovation production function follows the standard formulation in the endogenous
growth literature (Romer, 1990; Klette and Kortum, 2004; Akcigit and Kerr, 2018). In
the literature, the firm both creates and implements innovations; in this paper, however,
the inventor creates the innovation while the legal instruments determine who captures the
commercial value.

Each inventor is born with one idiosyncratic idea of quality z ∼ Ψ(z). To transform this
idea into an innovation, the inventor must affiliate with an intermediate goods producer of
her choosing. Innovation raises the intermediate goods producer’s quality qj. It is costly to
work, and the flow cost of choosing effort eI is R (eI , q, q̄)V (q̄), which combines an effort cost
and a management cost. Thus, without incentives, the inventor chooses eI = 0. Moreover,
the inventor can always costlessly produce a sham innovation that does not improve the
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firm’s quality. Whether an innovation is genuinely useful is not verifiable to outsiders.
The innovation process is stochastic. The inventor’s chosen effort level governs the

arrival rate of a successful innovation according to a Poisson process:
λ(eI) = µeI , (9)

where µ > 0 is the baseline efficiency of the R&D technology. The inventor’s effort eI is
unobservable and unverifiable by the firm (Aghion and Tirole, 1994; Merges, 1999).

If the inventor’s effort successfully yields an innovation, the allocation of the resulting
property rights is governed by the statutory regime.4 The statutory regime therefore ex-
ogenously determines the share ϕ of total innovation value that the inventor captures, with
the remaining (1 − ϕ) share retained by the firm. Furthermore, the framework assumes
no commitment regarding effort or innovation outcomes. The combination of unobservable
effort and statutory split generates a principal-agent friction. In response to this friction,
this paper assumes that all firms employ a common contract structure that combines a fixed
wage for risk-sharing with an equity component for incentive alignment.

Once a useful innovation is realized, the quality improvement x(z, q̃)q̄ is jointly deter-
mined by the idiosyncratic quality of the idea, z, and the size of the commercializing firm,
q̃(t). Specifically, it takes the following form:

x(z, q̃)q̄ = γzq̄, (10)
where γ can take two values, γ ∈ {γH , γL} with γH > γL, corresponding to a high and low
realization, respectively. The probability of the high state takes the logistic form

h(q̃(t)) =
1

1 + exp (−b0 − b1 log(q̃))
, (11)

where b1 > 0. Denote the expected quality improvement by x0(z, q̃) = E [x(z, q̃)].
An innovation generates a higher expected value when implemented within a larger

firm. This captures a synergy effect: large firms possess better commercialization scale,
complementary assets, and broader production capacities, allowing them to extract a larger
aggregate payoff from a given technological improvement than a smaller firm could. The
model assumes that each inventor makes decisions individually. When a firm hires more
than one inventor, the inventors act sequentially so that their innovation outcomes do not
interact. The quality improvement is scaled by q̄ to ensure that innovation step sizes grow
proportionally with the aggregate technology stock, preserving balanced growth. It captures
how the total technology stock in the economy affects new innovations.

4The institutional determinants of patent assignment are PIAAs and free-to-create statutes, and the
determinants of the inventor’s residual claim on tacit know-how are NCAs. Both are discussed in Section 2.
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4.4 Information Structure

After an inventor is born, her type z is publicly known. Then the inventor chooses which
firm to work for and her effort level eI . The effort eI is unobservable and unverifiable. Hence,
contracts cannot be contingent on the effort level.

For each innovation, whether it is genuinely useful is not verifiable to outsiders, meaning
that the quality improvement x(z, q̃)q̄ is private information. This reflects the difficulty
outsiders face in assessing an innovation’s exact value (Chatterjee and Rossi-Hansberg, 2012).
Therefore, hiring contracts cannot be contingent on either effort or innovation outcomes.

4.5 Employment Contracting Problem

Intermediate firms engage in Bertrand competition to hire inventors by offering employment
contracts. The employment contract consists of two parts: a wage rate TIV (t|q̄(t)), and a
share of equity a ∈ [0, 1]. In addition to her contractual equity stake a, the inventor retains
a share ϕ of the R&D output she produces which is mandated by the legal regime and does
not require a separate contract.

4.5.1 Discussion on Contract Space

One natural question is whether an employment contract can be contingent on ϕ? This is
not feasible in the model, since ϕ is set jointly by laws and other legal instruments. In the
baseline model, neither the firm nor the inventor can credibly promise to transfer a share
of ownership to the other party, since they can always obtain the statutory share through a
lawsuit ex post. Section 6.3 considers a counterfactual in which the firm and the inventor
can negotiate over ϕ. Section D discusses why this negotiation does not occur in practice.

One may think that a better tool for providing incentives would be to offer a bonus
contingent on the delivery of an innovation, since it would avoid exposing inventors to unre-
lated shocks. However, it is not feasible. Bonus offers require payoffs to be contingent on the
delivery of an innovation, which is not feasible due to lack of commitment. On the one hand,
a firm cannot credibly commit to pay a bonus ex post. The firm’s statutory (1− ϕ) share is
already enforceable. The firm has no incentive to make additional payments to the inventor
once an innovation has been delivered. On the other hand, the inventor cannot commit
to deliver a genuinely useful innovation, since the innovation’s value cannot be proven to
an outsider.5 Inventors have the incentive to earn bonuses effortlessly by providing useless

5Neither the stock reaction, nor the patent transaction can be used to evaluate innovation value. First,
public firms only account for less than 5% of all innovative firms in my sample period, which means that
most firms do not have access to the stock market, let alone using it to evaluate innovation value. Even for
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innovations. Therefore, using a bonus cannot solve the moral hazard problem.
A firm might attempt to draft a detailed contract that links the inventor’s innovation to

changes in firm profit. I will follow the incomplete contract literature (Grossman and Hart,
1986), which assumes that it is very difficult to specify all innovation outcomes in contracts,
and, in practice, it is usually not contractible (Acemoglu, 1996; Frésard et al., 2020); I assume
that firms can only use equity and wages in employment contracts, as commonly seen in the
real world (Brickley and Hevert, 1991).

4.5.2 Contracting Problem

The timing is as follows. At birth, each inventor observes the initial quality z of her idea.
Firms observe the distribution of value x (z, q̃) that they would generate from a successful
innovation developed by the inventor z. All firms simultaneously extend personalized em-
ployment offers to inventors. After evaluating all offers, the inventor either joins her preferred
firm with relative quality q̃∗(z) or takes the outside option and supplies labor.

Upon recruiting an inventor, the firm’s quality follows a stochastic path:
dq = −qdJexit + x(z, q̃)q̄dJR&D(eI), (12)

where Jexit and JR&D(eI) represent two Poisson jump processes with arrival intensities τ

and λ(eI) = µeI , respectively. The former captures exogenous exit shocks, while the latter
represents successful internal R&D developed by the inventor. The magnitude of an innova-
tion’s impact is given by x(z, q̃)q̄, which denotes the stochastic value added by an inventor
of quality z within a firm of relative size q̃ scaled by the aggregate technology level q̄.

The inventor’s compensation cI(a, TI , q, z, ϕ, q̄ is defined as:
cI(a, TI , q, z, ϕ, q̄)dt =TIV (q̄)dt+ ϕX(q, z)dJR&D(eI)

+ a (dV (j|q, z)− ϕX(q, z)dJR&D(eI))
(13)

where dV (j|q, z) is the firm equity value change from t to (t + dt) when hiring an inventor
of quality z. In the second element, X(t|q, z) denotes the realized value of an innovation
produced by an inventor of type z in firm q at time t:

X(q, z) = V (j|q + x(z, q̃)q̄)− V (j|q),
which is not verifiable for an outsider. Here, V (j|q) denotes the firm’s value if the innovation
does not arrive. Consistent with a principal-agent structure, beyond the statutory ϕ-share
that the inventor retains, the contract bundles a fixed wage with an incentive components

public firms, it is not easy to use stock market returns to identify innovation value. One reason is that many
events, other than innovations, also affect stock prices. Another reason is that, for most public firms, multiple
innovations are granted on the same day, which makes it impossible to assign value to each patent separately.
Admittedly, for traded patents, their market value can be estimated using the price information. However,
most firms do not innovate for the purpose of selling—they innovate to improve their own productivity. That
is, many innovations are never sold, and there is no price information available.
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which allows the inventor to acquire a fraction a of the firm’s equity at market value.
The second line of the compensation equation captures the inventor’s net equity pay-

off. Because the inventor already captures the ϕ share of innovation, the equity share a

applies only to the firm’s residual claim. Equity thus exposes the inventor to firm-level risk
(including exit shocks and the firm’s (1− ϕ) share of innovation outcomes) in exchange for
incentive alignment. To fund consumption, the inventor liquidates her equity and receives
her innovation holdings at the conclusion of every dt interval. In doing so, the inventor bears
part of the risk from exit shocks and innovation shocks. For a firm j with quality q, the
optimal contract for an inventor of type z solves:

ΩF (z, q) = max
a,TI

(1− a) (1− ϕ)µeIX(q, z)− TIV (q̄)

s.t. eI = argmax {UI (cI(a, TI , q, z, ϕ, q̄) , eI}

UI (cI(a, TI , q, z, ϕ, q̄), eI) ≥ max{ū (z) , ŪI}

(1− a) (1− ϕ)µeIX(q, z)− TIV (q̄) ≥ 0

(14)

where ΩF (z, q) represents the firm’s expected return. The instantaneous payoff to the firm’s
existing shareholders is the residual innovation value, after accounting for the inventor’s ϕ

share, minus the costs of the wage and the equity portion a granted to the inventor. The
optimization is subject to three conditions. First, the incentive-compatibility constraint
ensures that the inventor selects an effort level eI that maximizes their expected utility
UI (cI , eI) given the contract. Second, the participation constraint requires the inventor’s
utility to meet a reservation threshold ū(z), which is determined endogenously through
Bertrand competition and the outside option. Finally, the firm’s participation constraint
ensures that hiring the inventor remains profitable for the original shareholders.

Inventor’s utility function can be expressed as:

UI (cI(a, TI , q, z, ϕ, q̄), eI) =E (cI(a, TI , q, z, ϕ, q̄))− A
Var (cI(a, TI , q, z, ϕ, q̄))

V (q̄)

−R (eI , q, q̄)V (q̄).

(15)

An inventor then chooses an optimal firm size q̃∗(z) to maximize her utility, conditional on
working in the R&D sector.

Then the inventor decides whether to work in the R&D sector or supply labor. Her
decision rule is:

u (z) = max{UI (cI(z, q
∗(z), ϕ), eI(z, q

∗(z), ϕ), ) , ŪI}. (16)
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4.6 Entry and Exit

Intermediate firms face an exogenous exit rate τ , which is independent of their size and is
a risk unrelated to innovation.6 After a firm exits the market, the technology it owns is
distributed randomly to new entrants. Entry of new intermediate firms occurs exogenously
at rate τ . The new firm incurs a cost equal to the value of the technology associated with
its drawn quality, qI . At any instant, there is always a unit measure of firms in the economy.

4.7 Equilibrium

I now characterize the equilibria of the economy. I focus on the balanced growth path on
which aggregate variables (Y,CH , CI , w, q̄) grow at the constant rate g, and other variables,
such as lI , stay constant.

4.7.1 Household’s and Firms’ Choices

The household maximization problem reveals the relationship between the growth rate, g,
and the time discount factor,

ĊH

CH

= r − ρ. (17)

The final goods producer’s problem can be written as:

max
{yj}

1

1− β

∫ 1

0

qβj y
1−β
j dj −

∫ 1

0

yjpjdj. (18)

The first-order condition
pj = qβj y

−β
j

yields the demand function for goods produced by intermediate firms, j ∈ [0, 1].
Intermediate good producers engage in monopolistic competition, optimizing their profit

by choosing lj, pj, yj, given the wage level w:
max
lj ,pj ,yj

yjpj − wlj.

s.t. yj = q̄lj

pj = qβj y
−β
j

(19)

The FOC yields:

yj = qj

(
q̄ (1− β)

w

) 1
β

, lj =
yj
q̄
, pj =

w

q̄ (1− β)
. (20)

6A modest negative correlation between exit rates and firm size would not affect the model’s qualitative
predictions. Allowing the exit risks in small firms to be mitigated by R&D outcomes also does not affect the
model’s predictions.
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The labor market clears, which derives that∫ 1

0
qj

(
q̄(1−β)

w

) 1
β
dj

q̄
= 1 + ξlI .

Therefore, the wage is:

w =
(1− β)

(1 + ξlI)β
q̄. (21)

Both the production output yj and profit πj are linear in quality:
yj = (1 + ξlI)qj, πj = β(1 + ξlI)

1−βqj. (22)
Using the equilibrium quantity from Equation (20) and the wage rate from Equation (21),
the aggregate output is a linear function of the average quality q̄:

Y =
(1 + ξlI)

1−β

1− β
q̄ (23)

The HJB equation of a firm’s value is
rV (j|q)− V̇ (j|q) = πj + ΩF (z, q)− τV (j|q)

= πj − τV (j|q)
(24)

The second line follows from the scarcity of inventors and the assumption that competition
for their ideas ensures that inventors capture the full value of innovations. Since πj =

β(1 + ξlI)
1−βqj, the value of an intermediate firm is linear in its quality, i.e.,

V (j|q) = νq. (25)
Solving the innovation problem shows that the inventor’s effort, eI , is independent of

time when (25) holds. The inventor’s consumption, cI(a, TI , q, z, ϕ, q̄), and utility, UI(cI , eI),
are both linear in ν. The inventor’s optimal firm choice is invariant to time and depends
only on parameters.7

4.7.2 Aggregate Variables

The economy’s final output is allocated to the consumption of both households and inventors.
By the law of large numbers, the household’s total consumption CH(t) satisfies:

CH = w +Π, (26)
where Π denotes aggregate profit from the production sector.

Similarly, aggregating across active inventors yields total inventor consumption, CI :

CI = νq̄

∫
z∈{z|UI(cI ,eI)>ŪI}

µeI (z, q̃
∗)x0 (z, q̃

∗) dΨ(z) + wξlI . (27)

Innovation is the sole source of growth in this economy. The aggregate growth rate is
given by:

g =
˙̄q

q̄
=

∫
z∈{z|UI(cI ,eI)>ŪI}

µeI (z, q̃
∗)x0 (z, q̃

∗) dΨ(z) (28)

7See Appendix B.8 for a formal proof.
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4.7.3 Equilibrium

This section characterizes an equilibrium of the economy in which aggregate variables
(Y,C,w, q̄) grow at a rate g.

Definition An equilibrium of this economy is the mapping between q̃∗ and z, the al-
location

({
y∗j
}
j
, Y ∗, C∗

I , C
∗
H

)
, the prices

(
w∗, r∗,

{
p∗j
}
j

)
, the growth rate g∗, and the share

of inventors supplying labor lI , such that (1) for any j ∈ [0, 1], y∗j and p∗j satisfy Equation
(20); (2) the wage w∗ satisfies Equation (21); (3) the interest rate r∗ satisfies Equation (17);
(4) the measure of human capital supplied by inventors lI and the mapping between q̃∗ and
z come from inventors’ optimal choices; (5) R&D spending C∗

I satisfies Equation (27); (6)
the aggregate output Y ∗ satisfies Equation (23); (7) the aggregate consumption C∗

H satisfies
Equation (5); and (8) the growth rate g satisfies Equation (28).

4.8 Closed form

To provide analytical clarity and highlight the primary economic mechanisms, this section
introduces a tractable framework that yields a closed-form characterization of the inven-
tor’s decision-making process. A key refinement in this setup concerns the realized inno-
vation quality, x (z, q̃) q̄, which is assumed to follow a distribution with mean x0(z, q̃)q̄ and
second moment µe−1

I (E (γ) zq̄)2, rather than the distribution described in Equation (10).
This modification effectively represents a setting where increased inventor effort mitigates
innovation-related risk. The variance of the inventor’s consumption is given by:

Var (cI (a, TI , q̃, z, ϕ, q̄)) = ν2q̄2
(
(a(1− ϕ) + ϕ)2 x0 (z, q̃)

2 + a2τ q̃2
)
.

The first element is the uncertainty related to the innovation, while the second is the uncer-
tainty caused by the firm’s exit risk. In this special case, innovation-related uncertainty no
longer depends on the effort level.

The parameter δ in the effort cost function, R(eI , q, q̄), is set to 1, consistent with
empirical estimates in the literature (e.g., Akcigit and Kerr (2018)). Applying backward
induction, firms anticipate the inventor’s optimal effort response:

e∗I = µ (a(1− ϕ) + ϕ)x0 (z, q̃) .

Stronger incentives either through higher equity share, a, or larger inventor R&D ownership
share ϕ, induces greater inventor effort. Similarly, a higher expected innovation quality,
x0 (z, q̃), also induces greater inventor effort. In both cases, the marginal return to effort
rises, making additional effort more attractive.8

8The derivation of the optimal compensation package is provided in Appendix B.1.
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The firm’s problem in Equation (14) yields:

a∗(q̃, z, ϕ) = max

 1− 2Aϕ
(1−ϕ)

1 + 2A( τ q̃2

(1−ϕ)2µ2x0(z,q̃)
2 + 1)

, 0

 . (29)

When inventor ownership satisfies ϕ < 1
1+2A

, the optimal equity share a∗ is always positive.
Otherwise, the optimal equity share is zero. It means that the inventor has sufficiently large
statutory ownership. Additional incentives are not necessary.

Lemma 1. 9 When b1 ∈ (0, 1], the optimal equity decreases in firm size,
∂a∗(q̃, z, ϕ)

∂q̃
< 0.

When b1 ∈ (0, 1], the optimal equity share a∗ decreases monotonically with firm size q̃.
This relationship is governed by the tension between two competing effects: the commer-
cialization potential x0 (z, q̃) and the non-innovative shock, represented by the exit risk τ q̃2.
Firm size influences these two components in opposing ways. Larger firms offer greater syn-
ergy that boosts x0 (z, q̃), making it more valuable for the firm to incentivize effort, pushing
a∗ up. Meanwhile, in larger firms, the exit risk takes a larger share of the total variance.
Thus, reducing the equity stake helps insulate the inventor from shocks unrelated to her
innovative performance, pushing a∗ down. The overall effect depends on the dominant chan-
nel. When b1 ≤ 1, as in the calibration, the exit-risk channel dominates, leading larger firms
to offer lower equity shares.

Lemma 2. 10 The optimal equity a∗ decreases with the inventor R&D ownership ϕ. When
ϕ < 1

1+2A
, the optimal equity a∗ strictly decreases with the inventor R&D ownership ϕ. When

ϕ ≥ 1
1+2A

, the optimal equity level is always zero.

The reason firms compensate inventors with equity is to provide incentives. The equity
transfers an a∗ fraction of the firm-owned (1 − ϕ) R&D ownership to the inventor, which
complements the share ϕ that the inventor directly owns. When ϕ increases, two forces
jointly affect a∗. First, the inventor already owns a larger share of R&D, which decreases
the demand for additional incentives. Second, the effectiveness of equity also drops, since
the firm retains a smaller share of R&D. Both channels reduce the optimal equity share a∗

when ϕ increases.

Lemma 3. 11 The inventor effort level e∗I increases in her effective ownership (a∗(1−ϕ)+ϕ).

The total incentives an inventor receives combine direct R&D ownership (ϕ) with the
equity-implied R&D ownership (a∗(1− ϕ)), giving an effective ownership of (a∗(1− ϕ) + ϕ).

9See Appendix B.2 for the proof.
10See Appendix B.3 for the proof.
11See Appendix B.4 for the proof.
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An inventor optimally chooses her effort level based on the total incentive. When the inventor
is better incentivized, she chooses a higher effort level.

Proposition 1. 12 When firms retain ownership, compared with the ownership case which
generates the optimal incentive (ϕ = 1

1+2A
)13, incentives are diluted and inventors exert less

effort, especially in large firms.

When firms retain ownership, without equity incentive, the inventor’s output is dis-
connected from her unobservable effort input. To incentivize inventors, the firm must offer
them equity. However, the equity incentive is diluted, compared to the direct ownership of
the R&D outcome, since it is related to both an inventor’s own R&D result and all other
activities in the firm. Thus, the inventor optimally exerts less effort. In large firms, when the
synergy does not grow too fast, the innovation takes a smaller share of firm value. Equity, as
an incentive tool, is even more diluted. Therefore, this effect is more salient in large firms.

Proposition 2. 14 Suppose ϕ < 1
1+2A

, so that the optimal equity share is strictly positive
(a∗ > 0). There exists a cutoff ϕ̄:

(i) If ϕ ≥ ϕ̄, the optimal effort level eI(z, q̃) is monotonically increasing in the inventor
R&D ownership ϕ for all q̃.

(ii) If ϕ < ϕ̄, there exists a firm-size threshold q̃0(z, ϕ) such that eI(z, q̃) is increasing in ϕ

for q̃ ≥ q̃0(z, ϕ) and decreasing in ϕ for q̃ < q̃0(z, ϕ).

When the inventor’s direct R&D ownership ϕ drops, the firm’s optimal equity offer a∗

increases (Lemma 2). The net effect on the effective share depends on which adjustment
dominates. When the inventor owns a sufficiently large share of R&D (ϕ ≥ ϕ̄), the inventor
is already partially incentivized. Therefore, risk-sharing considerations dominate incentive
provision. Since the firm’s optimal choice of a∗ is constrained by the inventor’s risk-bearing
capacity, the equity-implied share a∗(1− ϕ) rises by less than the fall in ϕ. As a result, the
inventor’s effective ownership drops as ϕ falls, her payoff is less tightly linked to her own
effort, and she optimally reduces her effort level.

When inventors own a smaller share (ϕ < ϕ̄), the result depends on the composition
of firm-level risk. In larger firms (q̃ ≥ q̃0), non-innovative risk takes a sufficiently large
share of total risk, so equity loads substantial unrelated variance on the inventor and the
logic above still applies: both the effective share and effort move with ϕ. In small firms
(q̃ < q̃0), non-innovative risk is small relative to innovation risk, so equity loads almost only

12See Appendix B.5 for the proof.
13The optimal R&D ownership is when the equity incentive becomes redundant.
14See Appendix B.6 for the proof.
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innovation variance on the inventor and is a near-perfect substitute for direct ownership. The
firm therefore has room to push a∗ up aggressively when ϕ falls — both to compensate for
the lost direct stake and because the larger retained share (1-ϕ) makes equity more potent
(Lemma 2). The combined adjustment more than offsets the fall in ϕ, raising the inventor’s
effective ownership. The negative relationship between firm ownership and inventor effort is
therefore mitigated, and may reverse, at the bottom of the firm-size distribution.

Proposition 3. 15 The assignment of inventors across firm types depends systematically on
the ownership regime.

When inventors make their decision to join a firm, they trade off synergy, incentives, and
cost. Large firms provide better synergy, but offer weaker incentives and impose higher cost.
The ownership regime determines the degree of incentive, the intensity of the agency friction,
and the importance of equity compensation. Since the effectiveness of equity incentives differs
across firms, a shift in the ownership regime also changes the allocation of inventors across
firms. Specifically, compared with the optimally incentivized case (ϕ = 1

1+2A
), under firm

ownership (ϕ → 0), it is easy to show that inventors opt for smaller firms.

4.9 Size-dependent reaction to an ownership shift

The assumption that the contract space is consist of a fixed wage and equity implies a
testable prediction: if statutory R&D ownership is shifted from inventors to employers,
aggregate innovative output will decline, and the decline will be systematically mitigated or
even reversed within small firms16. Appendix A examines this prediction using an exogenous
legal shock. The analysis exploits a quasi-natural experiment generated by a shift in U.S.
federal case law that exogenously transferred R&D ownership from employee-inventors to
employers. By estimating the heterogeneous response of inventor output across the firm-size
distribution, the empirical results are consistent with the model prediction.

5 Calibration

I calibrate the full model to target the average US economy from 1980 to 2020. Patents
are used as a proxy for innovations. An innovation’s idea quality, denoted by z, and the
realized value, xνq̄, correspond to the patent’s citations (scientific importance) and the
patent’s economic value, respectively. Additionally, I assume that the idea quality z follows
the log-normal distribution characterized by parameters (zm, σ).

15See Appendix B.7 for the proof.
16A quantitative example of this heterogeneous effect is shown in Section 6.

22



5.1 Identification

The parameters of the quantitative model are divided into two categories. The first group
comprises parameters calibrated a priori based on direct aggregate statistics or established
values from the macroeconomic literature. The second group consists of parameters that are
jointly estimated internally to match specific moments in the microdata. Table 1 summarizes
the first group of parameters: {ρ, β, τ, µ, A, δ, ϕ}. The household’s subjective discount rate,
ρ, is set to 0.02 to match the average real interest rate observed during the sample period.
The elasticity of intermediate goods quality in final production, β, is set to 0.109, following
Akcigit and Kerr (2018). The exogenous firm exit rate, τ , is calibrated to 0.09, targeting
the average annual firm exit rate reported in the U.S. Census Bureau’s Business Dynamics
Statistics (BDS). The scale parameter of the innovation arrival rate, µ, is normalized to 1.17

Regarding the curvature of the utility and cost functions, the coefficient of absolute risk
aversion, A, is set to 0.5, and the effort cost elasticity, δ, is set to 1, both of which align with
standard calibrations in the macro-labor literature (Hall and Van Reenen, 2000).

The employee-inventors’ statutory ownership share is calibrated to ϕ = 0.02, implying
that firms retain a residual baseline ownership of 98%. This parameterization is grounded in
comparative employee-invention law across countries. In Germany, a jurisdiction renowned
for its statutory protection of employee-inventors, the legal minimum for inventor owner-
ship is formally set at 3%. The U.S. lies below this threshold because of the widespread
enforcement of pre-invention assignment agreements (PIAAs) and non-compete agreements
(NCAs), which prevent the inventor from capturing the patent and jointly compress her
ability to realize the human-capital share. Consequently, assigning an inventor ownership
share of 2% places the U.S. baseline below the German statutory minimum.18

Table 1: Parameter Values from a Priori Information

Parameter Description Value Identification

ρ Discount rate 0.02 Interest rate
β Production function quality share 0.109 Firm profitability
τ Exo. exit rate 0.09 BDS
µ Innovation arrival rate 1 Normalization
A Risk aversion 0.5 Risk aversion
δ Effort cost elasticity 1 Effort cost elasticity
ϕ Inventor ownership share 0.02 Legal ownership

Notes: This table shows parameter values from the literature or direct estimation.

17In the model, µ enters only multiplicatively, either as µx0(z, q̃) or as µE
[
x0(z, q̃)

2
]
, which implies that

µ is not separately identified from x0(z, q̃).
18Robustness checks demonstrate that the model channels remain stable across alternative baseline cali-

brations of ϕ ranging between 0 and 0.05.
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This paper jointly calibrates the eight remaining parameters, (b0, b1, γH , γL, zm, σ, ξ, η),
using the minimum distance method inspired by Lentz and Mortensen (2008). The param-
eters, along with their corresponding moments, are shown in Table 2.

Table 2: Parameters from the Minimum Distance Estimation

Para. Description Identification

b0 Constant of logistic function Share of high realization in an average-sized firm
b1 Scale factor of logistic function Coefficient of regression (30)
γL Low realization of innovation value Normalize to 1
γH High realization of innovation value High-to-low economic value ratio
zm Log mean of idea quality distribution Aggregate growth rate
σ Dispersion of idea quality distribution SD/Mean of inventor wages
ξ Inventor human capital Share of innovations in small entities
η Scale of management cost SD/Mean of inventor total earnings

Notes: Parameters in this table are jointly calibrated to minimize the distance between the model and
data moments.

Probability of a high realization and synergy in an average-sized firm—In the model,
the probability that an innovation achieves a high-value realization is governed by a logistic
synergy function, parameterized by a baseline constant b0 and a scale factor b1. The realiza-
tion value of an innovation is inferred from stock market reactions to patent grants, using a
linkage between U.S. patents and CRSP–Compustat data, following the methodology of Ko-
gan et al. (2017). Empirically, a high realization is defined as an innovation whose economic
value exceeds the median value within its specific grant-year and citation-decile cohort. To
identify the scale factor b1, which captures how rapidly commercialization synergy improves
with firm size, the following logistic regression is estimated:

logit(P (ypjt = 1)) = α + b1 ln(sizejt) +Xt + εpjt, (30)
where ypjt is an indicator equal to one if patent p, granted to firm j in year t, achieves a
high realization value. logit(P (ypjt = 1)) is the log-odds of the associated probability. Firm
size, sizejt, is measured separately using total revenue and total assets in two specifications,
while Xt absorbs year fixed effects. Across all specifications, the estimated coefficient b1 is
positive, yielding values of 0.138 and 0.171, respectively. The calibration targets the scale
factor of b1 = 0.17.

The baseline constant, b0, determines the probability of a high realization in an average-
sized firm, given by (1 + exp(−b0))

−1. In the patent–firm matched public-firm data, the
raw share of high-realization patents for the mean firm is 0.62. However, publicly traded
firms in the Compustat universe are right-skewed and systematically larger than the average
innovating firm in the broader economy, so using the public-firm mean would overstate
baseline synergy. To correct for this size distortion, this paper also calculates the high-
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realization share of the median public firm, which ranges from 0.46 to 0.51 across the two
firm-size measures. The baseline calibration targets a 50% high-realization share for the
average firm.19

High to low economic value ratio—In the model, the low and high realizations of inno-
vation value cannot be separately identified, as they always appear in multiplicative form
with z. The low-realization state γL is normalized to 1. The high state is calibrated to the
value ratio of high-realization patents and low-realization patents. Using the stock-market-
reaction-based innovation values described above, the relative value of a high-realization
patent compared to a low-realization patent within the same grant-year and citation-decile
cohort is 17.84.

Growth rate—Innovation is the sole driver of growth in the model. The log mean of
the idea quality distribution, zm, is central to the distribution of inventor ideas and thus
to aggregate growth. A higher zm increases the step size of innovation, raising the overall
growth rate. I calibrate zm so that the model-implied aggregate growth rate equals 2.0%,
matching the average annual U.S. growth rate in GDP per capita.

Wage dispersion—In the model, the inventor wage, TI , is determined in equilibrium
as a share of the expected innovation payoff. Wage dispersion is mainly driven by the
dispersion of idea quality, parameterized by σ. When idea quality is more dispersed, the
wage dispersion also increases. Therefore, σ is identified by targeting the empirical standard
deviation-to-mean ratio of inventor wages, whose average is 0.95 (Toivanen and Väänänen,
2012).

Share of innovations in small firms20—The parameter ξ defines the inventor’s baseline
human capital and dictates the value of the outside option. This reservation utility is more
likely to bind for an inventor with a low idea quality. In the calibrated baseline, the model
features positive assortative matching between inventor quality and firm size. Hence, a higher
ξ raises the reservation utility, inducing more low-quality inventors to exit the R&D sector.
Since low-quality inventors are matched to small firms, the share of innovations conducted
in small firms decreases as ξ rises. Therefore, ξ is identified by matching the aggregate share
of innovations occurring within small entities. In the data, this is calculated using the share
of patents granted to small entities, which is 0.197.

Earning dispersion—In the model, the inventor’s earnings, cI , includes both wage and
equity payouts. The management cost scale parameter, η, introduces an additional cost for
inventors who work in larger organizations. While the baseline variance of fixed compen-

19The model mechanisms remain robust when targeting alternative high-realization shares ranging from
25% to 62%.

20A small firm is defined as a business entity with no more than 500 employees, following the USPTO.
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sation is driven by the underlying dispersion of talent, the management cost η scales the
management cost that grows with firm size. By altering the cost of joining large organiza-
tions, η determines the sorting of inventors, which reshapes the variance of stochastic equity
payouts. Hence, η is identified by targeting the earnings dispersion, which is 1.03 (Akcigit
and Goldschlag, 2025).21

5.2 Calibration Results

Table 3 reports the model-generated moments and their counterparts in the data. Overall,
the model matches the targeted moments closely. The resulting parameter values are re-
ported in Table 4. The quantitative analysis shows that, on average, active inventors in the
baseline economy accept offers with an average equity share of 58.37%. This indicates that
firms provide substantial additional incentives when the statutory stake is at the baseline
level. However, the effectiveness of this equity compensation varies across the firm-size dis-
tribution. The calibration demonstrates that the optimal equity stake offered to the average
inventor strictly decreases with firm size, as shown in Figure 1. In large firms, equity is
heavily diluted by unrelated activities and therefore becomes a less efficient incentive de-
vice for the risk-averse inventor. Because the calibrated management cost parameter η is
small, inventors’ firm-size choice is governed primarily by the trade-off between incentives
and synergy.

Table 3: Moments

Identification moment Data Model

Share of high realization in an average-sized firm 0.50 0.50
Coefficient b1 in regression (30) 0.17 0.17
High-to-low economic value ratio 17.84 17.84
Aggregate growth rate 0.020 0.020
SD/Mean of inventor wage 0.95 0.95
Share of innovations in small entities 0.20 0.20
SD/Mean of inventor total earning 1.03 1.01

Notes: This table compares the moments generated from the calibrated
model and the data. In general, the model-generated moments match
the data well.

21The estimation is explained in Appendix C.1.
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Figure 1: Equity offered to an average inventor

Table 4: Estimated Parameter Values

Parameter Description Value

b0 Constant of logistic function 0
b1 Scale factor of logistic function 0.17
γL Low realization of innovation value 1
γH High realization of innovation value 17.84
zm Log mean of idea quality distribution -3.89
σ Dispersion of idea quality distribution 0.52
ξ Inventor human capital 0.012
η Scale of management cost 5.6e-4

Notes: All parameters except γL (normalized to 1) in this table
are jointly calibrated to minimize the distance between the model
and data moments.

6 Quantitative Analysis

This section conducts counterfactual experiments to evaluate the macroeconomic implica-
tions of alternative R&D ownership regimes. Holding all other parameters constant, the
analysis simulates economies where the statutory property rights of inventors are exoge-
nously shifted from the baseline (2%) to 0%, 10%, and 50%. In the first case, the firm
holds all intellectually property right. The remaining two counterfactual thresholds are cal-
ibrated to reflect the statutory guidelines of the German Employee Inventions Act (Gesetz
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über Arbeitnehmererfindungen), a legal framework renowned for explicitly mandating R&D
ownership allocation based on an employee’s role and reliance on corporate resources. For
instance, a 10% inventor share characterizes a research employee executing assigned tasks
using substantial firm resources, whereas a 50% share reflects a highly educated employee
(e.g., holding a university or engineering degree) who independently identifies and develops
an innovation with minimal firm support. The results of these policy experiments are sum-
marized in Table 5, with Panel A reporting absolute equilibrium levels and Panel B detailing
percentage changes relative to the baseline.

Table 5: Counterfactuals under Alternative R&D Ownership Regimes

Baseline Counterfactual Inventor Ownership Regimes

Moment (2% Ownership) 0% Ownership 10% Ownership 50% Ownership

Panel A: Absolute Levels

Aggregate Growth Rate 2.01% 2.01% 2.03% 3.09%
Average Equity Share Offered 58.37% 59.40% 53.67% 0.26%
Small Firm Innovation Share 19.68% 21.19% 12.04% 0.00%
Inventor Participation Rate 40.19% 40.11% 40.44% 47.83%

Panel B: Percentage Changes Relative to Baseline

Aggregate Growth Rate — -0.15% +0.66% +53.54%
Average Equity Share Offered — 1.76% -8.06% -99.56%
Small Firm Innovation Share — +7.68% -38.81% -100.00%
Inventor Participation Rate — -0.20% +0.63% +19.01%

Notes: This table reports the counterfactual outcomes under alternative R&D ownership regimes. Column
1 reports the baseline economy, where employee-inventors retain a 2 percent statutory ownership share.
Columns 2 through 4 simulate exogenous shifts in this statutory allocation, holding all other parameters
constant. Panel A reports the levels of the aggregate moments. Panel B reports the percentage change of
each moment relative to its baseline value, defined as (xcounterfactual − xbaseline)/xbaseline. The baseline
column in Panel B serves as the reference numeraire, denoted by dashes (—).

The counterfactual exercises demonstrate that shifting statutory R&D ownership from
inventors to firms depresses innovative output and moves innovations to smaller firms, con-
sistent with the empirical observations. On the other hand, shifting ownership from firms
back to inventors increases aggregate growth. In the counterfactual where inventors retain
50% of the invention’s value, the aggregate growth rate accelerates from the baseline 2.01%

to 3.09%, as shown in the first row of both panels. In terms of magnitude, reversing the
comparison (moving from 50% inventor ownership down to the 2% baseline) reduces the ag-
gregate growth rate by roughly one-third. This is broadly consistent with Hvide and Jones
(2018), who document a halving of researcher patenting following a two-thirds ownership
shift from inventors to universities in Norway, though the institutional settings and the units
of measurement differ.
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The change in ownership regime also affects household welfare. When statutory own-
ership increases from 2% to 50%, the consumption-equivalent welfare improvement for the
representative household is 71.60%. In other words, the representative household requires a
71.60% permanent increase in consumption to be indifferent between the original path and
the higher-growth path.

Allocating more R&D ownership to inventors stimulates growth through three channels.
First, the contract adjustment channel induces inventors to exert higher effort on average,
because more direct statutory ownership provides more efficient incentives. The contract
adjustment channel raises the average effort level by 0.12% in the 10% counterfactual case
and 5% in the 50% case, respectively, conditional on working in the same firm. Second,
the relocation channel shifts the equilibrium assignment of inventors toward larger, high-
synergy firms, which increases the expected value of innovation. This endogenous reallocation
occurs because the statutory increase in R&D ownership directly mitigates the principal-
agent friction, thereby diminishing the inventor’s reliance on high-powered firm equity. This
effect is reflected in the firms’ optimal contracting response: when the legal regime guarantees
inventors a 10% statutory stake, the average equity share offered by firms drops from the
baseline of 58.37% to 53.67%. Figure 2 illustrates this shift in optimal equity schedule across
inventor types. As statutory ownership, ϕ, increases, the optimal equity offered by firms
decreases across all inventor types, reflecting a reduced structural demand for supplementary
incentives. As a result, as shown in Figure 3, the optimal firm size chosen by any given
inventor increases. Inventors sort into larger firms. Third, on the extensive margin, the
enhanced direct payoff induces an expansion of the active R&D workforce. For example,
when statutory ownership increases to 10% and 50%, the inventor participation rate rises
from 40.19% to 40.63% and 47.83, respectively, as shown in the last row. Notably, all
three channels exhibit nonlinearity in ϕ with responses disproportionately more significant
at higher statutory ownership shares.

6.1 Size-dependent reaction

While enhanced inventor ownership generates robust aggregate growth, it induces a reallo-
cation of innovative activity across the firm-size distribution. As shown in Section 4.9, the
model predicts that the response of innovation output to an ownership shift is size-dependent.
This section examines this prediction quantitatively.

Innovation output is defined by a quality-weighted patent count, which is the same ob-
ject that determines economic growth in the model. Normalizing the baseline innovation
efficiency to 1, the economy-wide innovation efficiency drops by 0.15% when inventor own-
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Figure 2: Optimal Equity by Inventor Type
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Figure 3: Optimal Firm Size by Inventor Type
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ership drops from 2% to 0%. This drop is mitigated, and even reversed, in small firms.
For the same change in ownership allocation, on average, the innovation efficiency increases
by 0.28% in small firms, matching the sign and rough magnitude of the untargeted size-
dependent response documented in Appendix A.4. This gain in small firm is driven by both
the contract channel and the reallocation channel. First, by Proposition 2, when inventors
hold only a small share of R&D ownership, the contract adjustment channel has a size-
dependent effect. In small firms, incentive provision dominates risk-sharing considerations,
so equity rises by enough to raise effective ownership and effort. Second, following the shock,
more high-quality inventors are matched to small firms in equilibrium, raising small-firm in-
novation productivity. Together, these two forces offset the negative impact of the shift in
small firms.

The reallocation also changes the share of innovations conducted in small firms, as il-
lustrated by the Small Firm Innovation Share row of Table 5. When all R&D ownership is
assigned to firms, small firms account for a larger share of total innovation output, rising
by 7.68% relative to baseline. Conversely, when inventors hold more ownership, small firms
become less attractive. In the baseline economy, small firms account for 19.68% of all innova-
tions, because their equity is more closely tied to inventors’ own performance, allowing them
to offer more equity incentives which help to overcome the pro-employer legal regime. As
statutory inventor ownership rises, the inventor’s reliance on firm equity diminishes. When
the inventor holds 10% ownership, the small-firm innovation share falls to 12.04%, a 38.81%

drop relative to baseline. In the 50% ownership counterfactual, the small-firm innovation
share drops to 0%. When inventors are legally guaranteed a sufficiently large direct share,
the original trade-off between incentive alignment and commercialization synergy is resolved
in favor of synergy. Inventors no longer need to join small firms for incentives; instead, the
trade-off becomes one between the high synergy of large firms and the low management cost
of small firms. Thus, the quantitative model highlights a policy trade-off: strengthening
inventor property rights raises aggregate growth and leverages large-firm synergy, but it also
reduces innovative activity in small firms.

6.2 Decomposition

To isolate the mechanisms through which statutory R&D ownership drives aggregate growth,
the analysis employs a sequential decomposition of the counterfactual22. The results are re-
ported in Table 6. Starting from the baseline equilibrium, the first step isolates the contract
channel: inventor participation and firm sorting are held fixed at baseline levels, while only

22This paper conducts another decomposition exercise. This exercise starts with the baseline counterfac-
tual and shuts down one channel at a time. The results are reported in Appendix C.2.
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the optimal contract and unobservable effort adjust. In the 0% ownership case, this adjust-
ment has a positive direct effect on growth (+0.02%), which goes against the overall direction
of the general-equilibrium response (−0.15% total). This is because of the force described by
Proposition 2. When firms hold all the R&D ownership, the share of firm-level risk that is
innovation-related is particularly large in small firms, where non-innovative variance is small
relative to innovation variance. When the inventor-firm allocation is fixed at baseline levels,
a non-trivial mass of inventors remain in small firms. In these firms, the firm’s equity ad-
justment overshoots: equity rises by enough to more than offset the lost direct ownership, so
the inventor’s effective stake rises slightly above the baseline. The average equity share rises
from 58.37% to 59.23%, which means that although the direct R&D ownership drops, the
effective ownership increases slightly by 0.03% overall, which is mainly drive by small firms.
As a result, the aggregate effective ownership rises slightly from 59.20% to 59.23%, with the
bulk of the change concentrated in small firms. This non-monotonic response of effective
ownership in small firms depends on the calibration assumption that the exit rate is constant
across firm sizes. If small firms faced higher exit risk, the non-innovative variance would not
vanish in small firms, and the size-dependent flip would weaken or disappear. The qualitative
aggregate-growth predictions of the model are unaffected; only the small-firm reversal would
attenuate. In the 10% and 50% ownership cases, the contract channel contributes 20.45%

and 9.32%, respectively. The contract channel itself contributes less when the regime shift
is more significant. When facing a larger ownership shift, the reallocation and participation
decisions are pushed further from their unconstrained optima, so the interaction between
channels becomes more important.

The second step relaxes the sorting constraint, permitting the endogenous reallocation
of inventors across the firm-size distribution (the inventor reallocation channel). In the 0%

ownership case, this adjustment reverses the contract channel’s positive contribution. The
cumulative effect of the contract and reallocation channels combined is negative. This is
because, when sorting is unlocked, inventors sort further toward small firms, dampening
commercialization synergy and reducing aggregate growth. When ownership shifts more to
inventors, the reallocation channel works in the same direction as the contract channel, fur-
ther raising growth. In the 10% and 50% ownership cases, the combination of the contract
channel and the inventor reallocation channel accounts for 57.58% and 82.54% of the aggre-
gate growth improvement, respectively. This indicates that the combination of these two
channels contributes more when the shock is larger.

Finally, the third step allows inventors to change their occupation decision, activating all
three channels. Although the absolute change attributable to the participation channel grows
as the shock becomes larger, its relative contribution to the total growth change declines from

32



over 60% (in the 0% counterfactual) to below 20% (in the 50% counterfactual).
This decomposition reveals non-linearities and complementarities among channels. The

marginal contribution of the contracting channel diminishes as the regime shift becomes
larger falling from 20.45% (in the 10% case) to 9.32% (in the 50% case). Because a massive
ownership shock pushes the economy far from its baseline equilibrium, isolated adjustments
in effort are insufficient; the interaction between optimizing incentive scheme and efficient
firm-size sorting becomes increasingly important. This tension is better illustrated by the 0%
ownership counterfactual, where the contracting channel actually operates in the opposite
direction of the general equilibrium effect. When statutory ownership is revoked, firms
compensate for the inventor’s lost direct stake by offering more equity, which may lead to
a raise in effective ownership above the baseline in small firms. If inventors are locked into
their baseline firms (Step 1), this equity injection temporarily induces higher effort and boosts
growth slightly. However, once the sorting constraint is lifted (Step 2), risk-averse inventors
sort toward smaller firms. This endogenous reallocation undermines the commercialization
synergy of the economy, reversing the initial growth bump and driving down the aggregate
growth rate.

Table 6: Sequential Decomposition of Counterfactual

Baseline Counterfactual Inventor Ownership Regimes

Moment (2% Ownership) 0% Ownership 10% Ownership 50% Ownership

Growth Rate 2.01% 2.01% 2.03% 3.09%

Panel A: Incremental Percentage Change

Contract Channel — +0.02% +0.13% +4.99%
+ Reallocation Channel — -0.07% +0.24% +39.21%
+ Participation Channel — -0.09% +0.28% +9.35%

Total Percentage Changes — -0.15% +0.66% +53.54%

Panel B: Marginal Percentage Contribution

Contract Channel — -13.33% +20.45% +9.32%
+ Reallocation Channel — +50.00% +37.12% +73.22%
+ Participation Channel — +63.33% +42.42% +17.46%

Total Percentage Changes — +100.00% +100.00% +100.00%

Notes: This table reports the sequential decomposition of the aggregate growth rate under counterfactual
statutory R&D ownership regimes. The first row reports the counterfactual growth rate as in Table 5.
Panel A reports the marginal contribution to the percentage change in aggregate growth from sequentially
activating each channel; the sum of these contributions equals the total percentage change relative to
baseline. Panel B reports each channel’s contribution as a share of the total percentage change. For
example, the marginal contribution of the reallocation channel is computed as the difference between the
cumulative growth change with only the contract channel active and the cumulative growth change with
both the contract and reallocation channels active.
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6.3 Optimal Ownership: full commitment

The counterfactual exercises presented above evaluate shifts in the uniform statutory allo-
cation of R&D ownership (ϕ). This section evaluates a case where firms and inventors both
have full commitment over the division of R&D ownership, ϕ. Therefore, both parties can
negotiate an optimal division of property rights ex ante. Specifically, firms and inventors
endogenously divide R&D ownership under full commitment, trading off between incentive
alignment and risk-sharing.

Table 7 compares the results of this optimal ownership setting against the baseline.
When agents can commit to the agreed property rights allocation, the aggregate growth
rate nearly doubles, surging from 2.01% to 3.79%. This expansion is driven by all three
channels. First, under the counterfactual setting, firms and inventors jointly choose the
optimal ownership allocation, which improves the inventor effort level. As shown in the
second row, in the optimal ownership case, the average level of effort increases from 13.78%

to 14.61%, conditional on inventors working in the same firm. Secondly, fully committed
ownership division means that firms can provide customized incentives tailored to inventor
type, and they do not need to use equity anymore. The third row shows the average inventor
ownership share. In the baseline case, on average an inventor holds an effective 59.20% share
of R&D, which is a combination of 2% direct ownership and 58.37% ownership through equity
holding. In the full-commitment case, the inventors’ average R&D ownership share is 62.39%,
all of which is held directly. The comparison of the effective inventor R&D ownership share
by inventor type is shown in Figure 4. The figure confirms that for all inventor types, effective
inventor R&D ownership share is always higher in the full-commitment case. Because large
firms no longer suffer from the incentive-dilution problem, the share of innovations conducted
in small firms drops to 0. Third, inventor participation also increases by more than one-fourth
in the optimal ownership case. Since all inventors have a customized incentive schedule, more
inventors are willing to participate in the R&D sector. All three channels also contribute to
aggregate growth rate.

7 Discussion

This paper assumes that the exit rate is constant across firms. One extension is to allow
the exit rate to be higher in small firms. One can show that, as long as τ(q̃)q̃2

x2
0(z,q̃)

is increasing
in q̃, the optimal equity offer decreases in firm size. This condition holds whenever the exit
rate τ(q̃) does not diminish too fast in firm size. See Appendix D for discussions on other
assumptions and extensions.
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Table 7: Comparison of Baseline vs. Optimal Full-Commitment Ownership

Macroeconomic Moment Baseline Optimal Ownership

Aggregate Growth Rate 2.01% 3.79%
Average effort (Within same firm) 13.78% 14.61%
Average Inventor R&D Ownership Share 59.20% 62.39%
Small Firm Innovation Share 19.68% 0.00%
Inventor Participation Rate 40.19% 51.11%

Notes: This table compares the moments of the baseline against the first-best optimum where firms and
inventors negotiate R&D ownership shares under full commitment. The average effort is computed holding
the inventor-firm assignment fixed at the baseline.
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Figure 4: Effective Inventor R&D Ownership Share by Inventor Type
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8 Conclusion

This paper develops a general equilibrium framework of endogenous growth to investigate
how the statutory allocation of R&D property rights affects the aggregate growth rate. De-
parting from standard macroeconomic models that treat innovating firms as the sole R&D
decision-makers, this analysis explicitly incorporates the principal-agent friction between in-
ventors and employers. When the legal regime appropriates R&D ownership from inventors,
firms must endogenously compensate for this loss of statutory ownership through equity.
This framework generates a trade-off between incentive alignment and commercialization
synergy: while large firms offer superior synergistic scale, their equity payouts are more di-
luted, rendering them less effective at eliciting unobservable effort. Small firms, in contrast,
are better at incentiving inventors using equity but lack scale.

The quantitative counterfactuals reveal that restoring statutory property rights to in-
ventors not only accelerates aggregate growth but also induces a reallocation of inventive
talent. In an optimal contracting environment where ownership is jointly determined by
firms and inventors, the growth rate nearly doubles and the share of innovations in small
firms drops to zero. Optimally incentivized inventors no longer need to rely on equity; in-
stead, they sort into large firms to maximize the commercialization synergy of their ideas.
This indicates that a significant fraction of small-firm innovation operates as a response to
a pro-employer legal regime. These findings yield policy implications: macroeconomic inter-
ventions, such as standard R&D subsidies directed at employers, may be severely blunted
if the underlying legal architecture fails to pass incentives through to inventors themselves.
Future research could extend this framework by incorporating dynamic on-the-job search
or team-based production, to further illuminate how micro-level contracting frictions shape
economic growth.
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Appendix A Empirics and Data

A.1 Data

The empirical analysis relies primarily on patent records from the United States Patent
and Trademark Office (USPTO). This dataset, accessible via the PatentsView database,
contains detailed information on all patents issued from 1926 to the present. To isolate
the introduction of novel products and processes, the sample is restricted to utility patents
granted to U.S. corporations. For each patent, the raw data document the grant year, the
names and locations of all listed inventors and assignees, the technology classification code
(CPC), and citation linkages. Based on this raw data, the core empirical variables are
constructed as follows.

Forward Citations.— The primary measure of innovation output relies on forward
citations, defined as the number of citations a focal patent receives from subsequent patents.
Following standard conventions in the literature on the economics of innovation, forward
citations serve as a proxy for technological quality, capturing the extent to which a given
invention forms the foundation for subsequent R&D (Trajtenberg, 1990; Hall and Ziedonis,
2001). To avoid the right-censoring issue, the analysis calculates the cumulative number of
forward citations each patent receives within a fixed five-year window following its issuance.

Small Entity Indicator.— To test the firm-size heterogeneity, the empirical specifi-
cation requires a measure of firm scale. This is captured using the USPTO’s small entity
status indicator. A firm is classified as a small entity if it employs 500 or fewer workers. This
binary indicator is utilized throughout the analysis to precisely distinguish between small
firms and large firms.

Our baseline sample covers the period 2002 to 2017, spanning eight years before and
after the exogenous legal shock. The baseline sample includes all inventors who file at least
one patent during this window and whose assignee’s geographic state can be definitively
identified from the patent record. The resulting dataset contains 2,065,225 inventor-year
observations in the full sample.

A.2 Institutional Background

To evaluate how R&D ownership shapes innovation output, it is first necessary to define the
economic boundaries of an R&D outcome. The knowledge generated during the innovation
process is inherently two-sided: it is embedded formally in patents and tacitly within the
inventor herself, thereby enhancing her human capital. Consequently, an inventor’s incentive
to exert effort depends on the joint ownership of both the patent and her human capital—a

41



composite I define as R&D ownership. In the United States, this effective R&D ownership is
governed by two sets of legal instruments. Non-compete agreements (NCAs) restrict inventor
mobility and transfer the ownership of human capital from inventor to employer, while the
formal assignment of patents is determined by the interplay between common law, prein-
vention assignment agreements (PIAAs), and state-level statutes (Alok and Subramanian,
2023). This subsection outlines this legal architecture, laying the institutional groundwork
for the empirical identification.

Non-Compete Agreements. A non-compete agreement (NCA) restricts an inventor-
employee from leaving her current employer to work for a competitor, or from founding a
competing firm, for a specified period after the employment relationship ends. Because the
threat of departure is a key source of bargaining power for inventor-employees, tighter NCA
enforcement effectively transfers control over the inventor’s human capital from the inventor
to the employer. NCAs are widely used in the United States and represent one of the most
important mechanisms binding employees to firms (Garmaise, 2011), thereby determining
the division of human capital ownership.

Common Law. State law determines the ownership of an invention until a patent ap-
plication is filed (Hovell, 1982). Under common law, the ownership of inventions is clearly
allocated only at two extremes (Parker, 1983): if an inventor is hired explicitly to develop
a specific technology, the rights belong to the employer; conversely, if an inventor creates
an innovation entirely independently, without utilizing any of the employer’s resources or
proprietary information, the rights remain with the inventor. However, this leaves a middle
ground of inventive activity in a legal gray area. For example, when an inventor is hired
for general research and development and utilizes the firm’s resources, the ownership of the
resulting inventions is inherently ambiguous.

Preinvention Assignment Agreements (PIAA). To eliminate this uncertainty, em-
ployers rely on the PIAA, an employment contract that obligates an employee to assign to
the employer all rights and interests in any inventions made or conceived during the em-
ployment term (Dratler Jr, 1979). Acting as a complement to common law, this contract
instrument is widely used in the United States, especially among innovating firms, which re-
quire prospective employees to sign PIAAs as a precondition for employment (Pisegna-Cook,
1993; Merges, 1999). In practice, the scope of a PIAA may be sufficiently broad to cover
categories of inventions far beyond the employer’s immediate business, and the agreement
may extend both before and after the terms of employment (Alok and Subramanian, 2023).
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The enforcement of a PIAA implies that essentially all inventions can potentially belong to
the employer, granting the firm the legal apparatus to appropriate even those innovations
that are entirely unrelated to the employment relationship. The combination of its expansive
scope and universal adoption dictates that the PIAA governs the ownership of patents.

Free-to-Create Statutes. In response to the expansive reach of PIAAs, several states
enacted pro-employee “free-to-create” statutes in the late 1970s to early 1980s. These laws
set statutory limits on PIAAs, permitting employees to retain ownership of inventions made
using their own time and resources, provided the inventions did not relate to the employer’s
current or reasonably anticipated business. Eight states passed such legislation: California,
Minnesota, Washington, North Carolina, Illinois, Delaware, Kansas, and Utah (Gullette,
1980; Coolley, 1985). Under these statutes, inventors in these states enjoy a legally protected
degree of residual ownership over a subset of their human capital.

The 2008 DDB Ruling. This state-level legal protection was abruptly dismantled by the
2008 Court of Appeals for the Federal Circuit (CAFC) decision in DDB Technologies LLC
v. MLB Advanced Media, LLP23. The case centered on David Barstow, a software engineer
employed by Schlumberger Technology Corporation to develop oil-well software. During his
employment, Barstow invented and patented a baseball statistical tracking technology. This
innovation is entirely unrelated to his employer’s line of business, as confirmed by Schlum-
berger’s general counsel and the lab director at the time of the invention. Barstow formed
DDB Technologies and assigned the patents to it. However, when Barstow’s newly formed
entity sued MLB for patent infringement, MLB successfully defended itself by securing a
competing license from Schlumberger. MLB argued that Barstow’s PIAA automatically as-
signed ownership of the patents to his employer, regardless of the invention’s subject matter.
The CAFC ruled in MLB’s favor, establishing the precedent that questions of patent assign-
ment are governed by federal law, overriding state-level regulations. This ruling effectively
rendered the pro-employee ’free-to-create’ statutes in the eight affected states unenforceable.
Consequently, the DDB decision generated a legally mandated exogenous shift in R&D own-
ership from inventors to employers within these eight formerly protected states.

In summary, the effective ownership of an inventor’s R&D output is shaped simulta-
neously by these intersecting legal instruments. The 2008 DDB ruling exogenously shifted
statutory R&D ownership toward employers by invalidating state-level PIAA exemptions.
In sections below, I show empirical patterns using this shock as the identifying variation in
regression analysis.

23517 F.3d 1284, 1290 Fed. Cir. 2008.
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A.3 Identification

Following Suh (2023), the empirical strategy employs a difference-in-differences framework
with continuous treatment. This design exploits the exogenous shift in R&D ownership
generated by the 2008 DDB ruling, utilizing cross-sectional variation in treatment intensity.
The treatment group comprises individuals working for firms located in the eight states
directly affected by the invalidation of pro-employee statutes.24

While the 2008 ruling uniformly shifted statutory R&D rights toward employers across
all eight treated states, the practical severity of this shock varied depending on the inventor’s
pre-existing control over her human capital, governed by state-level NCA enforcement. In
states with strict NCA enforcement, inventors already faced severe mobility restrictions and
possessed weak outside options; the marginal impact of losing R&D right via the ruling shift
was relatively muted. Conversely, in states with weak NCA enforcement, inventors retained
high mobility. For these inventors, the invalidation of free-to-create statutes constituted a
substantial reduction of their effective R&D ownership.

To accurately capture this heterogeneous treatment intensity, the empirical specification
defines a treatment dose that is inversely proportional to NCA stringency:

Doses = 1s∈Streat

(
max
s′

(NCAs′) − NCAs

)
, (31)

where Streat is the set of eight treated states with pro-employee statutes, and NCAs is the
NCA Enforcement Index for state s as measured by Garmaise (2011). A higher value of
Doses indicates that the DDB ruling had a larger practical impact on effective ownership of
inventor i in treated state s. For all control states, Doses takes a value of zero.

Utilizing this exposure measure, the baseline regression is estimated at the inventor
level:

yijs,t+2 = α + β (Doses × Postt) +X′
ijstωX + εijst, (32)

where yijst is the innovative output of inventor i, who is employed at firm j in state s in
year t. I measure the innovative output at t + 2 to account for the patent system process
(Hall et al., 2001). Postt is an indicator equal to one for all years following the ruling. The
vector of observables Xijst controls for time-varying firm size25, year fixed effects, state fixed
effects, firm fixed effects, and inventor-level technology-class (CPC) fixed effects26. Because
more than 50 percent of inventors in the sample are granted only one patent, the inclusion of
inventor fixed effects induces selection by dropping single-patent observations. The baseline
specification therefore controls for inventor-level technology-class fixed effects instead. Both

24Generally, the state where the employer is located or where the job duties are performed constitutes a
reasonable choice of law and is likely to be honored by courts (American Bar Association 2014).

25I use a small firm indicator to denote firm size. Smallijt = 1 if firm j employing inventor i at time t
satisfies the criteria of being a small firm (no more than 500 employees), as defined by USPTO.

26An inventor-level technology-class is defined as the class field that the inventor most often innovates in.
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Doses and Postt are absorbed by the state and year fixed effects. The coefficient of interest,
β, captures the differential change in innovative output for inventors subjected to a higher
treatment dose.

The analysis evaluates innovation output using three measures. The primary one is
based on a patent count, defined as:

yijs,t = Patent Counti,t. (33)
The second measure captures individual technological output based on total patent quality,
measured by citations:

yijs,t =
∑

p∈P (i,t)

citationp. (34)

where P (i, t) is the sample of patents granted to inventor i in year t. Citations are truncated
at the 5-year window to mitigate right-censoring issues. The third metric is quality-weighted
patent output, defined as:

yijs,t =
∑

p∈P (i,t)

f(citationp), (35)

where f(·) is an increasing function.27 The first two specifications are evaluated using a
Poisson regression, while the third one is evaluated using OLS. In Appendix A.5, I report
a firm-level regression using the change in the number of active inventors as the dependent
variable.

The identifying assumption is a parallel-trends condition. Suh (2023) validates the
parallel trends assumption for this legal shock at the aggregate firm level. Extending the
identification to individual inventors requires that, prior to 2008, the distribution of inven-
tors across firms of different sizes was evolving in parallel across treated and control states.
Because the treatment dose derives from state-level legal environments, standard errors are
clustered at the state level throughout all specifications to account for arbitrary serial cor-
relation within jurisdictions.

This paper further explores the firm-size heterogeneity in response. The baseline speci-
fication in (32) is augmented with a three-way interaction term, alongside all relevant lower-
order interactions:

γ (Smallijt × Doseis × Postt) , (36)
The coefficient γ captures the heterogeneous treatment effect by firm size. If there is a
positive estimate for γ, it suggests that small firms can mitigate the negative effect of pro-
employer ownership.

27Here I assume that f(citationp) = ln(1+ citationp). The notation (1+ citationp) here captures the fact
that the impact of an innovation includes both the innovation itself and the subsequent citations it receives.
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A.4 Results

This section establishes the empirical validation for the contract assumption. Empirical
results demonstrate that inventor innovation output responds negatively to the pro-employer
ruling. The magnitude of this response is heavily mediated by firm size, consistent with the
assumption of a structural incentive channel that is described in the general equilibrium
model in Section 4.

Table A1: Relationship between Innovation Output and Pro-employer Ruling Treatment
Patent Quantity Patent Quality Quality-weighted Quantity

(1) (2) (3) (4) (5) (6)

Doses × Postt -0.005* -0.007** -0.026** -0.031** -0.042*** -0.047***
(0.003) (0.003) (0.013) (0.014) (0.01) (0.012)

Smallijt × Doses × Postt 0.013*** 0.044*** 0.036***
(0.002) (0.014) (0.011)

Observations 2,065,225 2,065,225 2,052,616 2,052,616 2,065,225 2,065,225
R-squared 0.148 0.149
Year, state, industry and firm FE Yes Yes Yes Yes Yes Yes

Notes: Standard errors are clustered at the state level. All dependent variables are measured at t+ 2.
Columns (1)–(2) use the patent count defined in Equation (33) as the outcome. Columns (3)–(4) use the
patent quality defined in Equation (34) as the outcome. Columns (5)–(6) use the quality-weighted patent
output defined in Equation (35) as the outcome. Column (2), (4), and (6) also control for the small firm
indicator, the interaction term between the small firm indicator and treatment dose, and interaction term
between the small firm indicator and post treatment indicator. All specifications control for year, state,
industry and firm fixed effect. *** Significant at the 1 percent level; ** significant at the 5 percent level; *
significant at the 10 percent level.

Table A1 reports the results of regression (32). The first two specifications are evaluated
using Poisson regression to account for the zeros. The columns are organized by outcome
variable. Columns (1) and (2) estimate the impact on innovation output using raw patent
counts (Equation (33)). Columns (3) and (4) use total forward citations (Equation (34)).
Finally, columns (5) and (6) capture quality-weighted patent output (Equation (35)). For
each set of results, the table first presents the average treatment effect, followed by a spec-
ification exploring firm-size heterogeneity. Across all columns, the evidence demonstrates
that exogenously shifting statutory R&D ownership toward employers depresses innovative
output, with this depression mitigated within small firms.

Columns (1) and (2) present the results of the first measure, showing that shifting
R&D ownership toward employers reduces innovation. In column (1), the coefficient on the
interaction Dose × Post is −0.005. It implies that for an inventor in a treated state at the
average level of exposure, Dose = 6.98, the DDB ruling reduced an average inventor’s output
by approximately 3.43%. Translating this productivity loss into aggregate financial terms
using the patent valuation methodology of Kogan et al. (2017), this drop corresponds to an
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annualized loss of roughly $1.60 million (in 2025 dollars) in innovation value per firm, relative
to the unaffected control states. In terms of aggregate economic magnitude, this shock is
associated with a total loss of $87.55 billion. Using the second measure, for an inventor in a
treated state at the average level of exposure, the DDB ruling reduced an average inventor’s
output by approximately 16.60%. This result implies that the shock has a stronger effect on
quality, compared to quantity. Using the third measure, the effect is approximately 10.37%.
This negative effect is consistent across alternative measures of innovative output as shown in
column (3) and column (5). Together, these baseline estimates confirm that when statutory
innovation ownership shifts from inventors to employers, overall innovative output drops.

I document heterogeneity across firms of different sizes. The negative effects of the pro-
employer ownership shift are mediated by firm size, as shown in the even-numbered columns
of Table A1. The treatment effects across all specifications are always negative, while the
interaction coefficient for small firms is always positive. This implies that affiliation with
a small firm offsets the negative impact of the ownership shift. In column (2) and (4), the
net effect is reversed when working in a small firm. In column (6), the baseline treatment
effect for large firms is −0.047, while the interaction coefficient for small firms is +0.036. This
implies that affiliation with a small firm offsets more than 75 percent of the baseline negative
impact induced by the legal shock. For the average innovative public firm, which generates
$46.29 million in annual innovation value, this differential implies that each large firm incurs
an additional loss of at least $4.11 million per year. The results support the claim that
offering R&D ownership to inventors matters for innovation output, suggesting an inventor
incentive channel. Additionally, small firms are better able to incentivize inventors even when
baseline direct ownership is stripped away, consistent with the implications of the model’s
contract space assumption. This mitigation effect is replicated across both patent counts
(Column 2) and total citations (Column 4), where the positive small-firm interaction term
systematically dampens the primary negative shock. This mitigation effect is a combination
of two channels. One is the contract adjustment channel. Firms provide more additional
incentives in small firms, leading to a smaller drop in inventors’ productivity. The other is
the inventor reallocation channel. Inventors move to small firms. Both channels are captured
in the model in Section 4.

In summary, when innovation ownership shifts from inventors to employers, overall
innovative output is affected negatively, especially for large firms. In Appendix A.5, I report
a firm-level regression using the change in the number of active inventors as the dependent
variable. It captures inventor allocation across firms. The results are consistent with the
inventor-level outcome. All results are consistent with the model’s implications, confirming
the assumption of the model. When direct ownership is stripped away, small firms are better
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able to incentivize inventors. One potential explanation is that, to tie the inventors’ payoff to
innovation outcomes, firms use alternative incentives such as equity. However, equity is a less
powerful incentive device in large firms, where the link between the inventor’s effort and the
overall firm value is diluted by unrelated activities within the organization. In small firms,
equity is more tightly tied to the inventor’s own contribution, so firms can more effectively
compensate inventors for the loss of direct ownership.

A.5 Change in the Number of Active Inventors

Table A2 reports the change in the number of active inventors by firm size. The growth rate
of active inventors is defined as

ginventor,j,t =
Nj,t

Nj,t−1

− 1,

where Nj,t is the number of inventors in firm j who are granted at least one patent in year
t. For a firm with no active inventors in year t − 1, I use the most recent year s in which
the firm had an active inventor (Nj,s > 0) and compute the average annual change over the
(t− s)-year interval.

The firm-level results on inventor counts are consistent with the inventor-level findings in
Table A1. The shock has a negative effect on the inventor growth rate. After the shock, the
growth rate of active inventors drops by approximately 2 percentage points. This negative
effect is mitigated in small firms, where the drop in growth rate is roughly half the drop in
large firms. This size-dependent heterogeneity is consistent with the model’s implications.

Appendix B Model and Proof

B.1 Closed-Form Model Solution

We can reformulate the firm’s optimization problem from Equation (14) as follows:

max
a,ϕ

(
µeIx0(z, q̃)− A

(
(a(1− ϕ) + ϕ)2 µ2x0 (z, q̃)

2 + a2τ q̃2
)
− 1

2
e2I − ηq̃

)
νq̄

st eI = µ (a(1− ϕ) + ϕ)x0 (z, q̃)

(37)

By substituting the expression for eI into the objective function and evaluating the
first-order condition with respect to the equity share a, we obtain:

a∗ = max

{
(1− ϕ) [(1− ϕ)µ2x0(z, q̃)

2 − 2Aϕµ2x0(z, q̃)
2]

(1− ϕ)2 (2Aµ2x0(z, q̃)2 + µ2x0(z, q̃)2) + 2Aτq̃2
, 0

}

= max

 1− 2Aϕ
(1−ϕ)

1 + 2A( τ q̃2

(1−ϕ)2µ2x0(z,q̃)
2 + 1)

, 0


(38)

48



Table A2: Relationship between the Growth of the Number of Active Inventors and Pro-
employer Ruling Treatment

(1) (2)

Doses × Postt -0.016*** -0.020***
(0.005) (0.006)

Smallijt × Doses × Postt 0.011**
(0.004)

Observations 121,857 121,857
R-squared 0.274 0.274
Year, state, and firm FE Yes Yes

Notes: Standard errors are clustered at the state level. All depend variables are measured at t+ 2. The
table uses the change rate of the number of active inventors as the outcome. An active inventor is defined
as an inventor who is granted with at least one patent in the given year t. I drop the extreme growth rates
which are either in the top 1% or the bottom 1%. Column (2) controls for the small firm indicator, the
interaction term between the small firm indicator and treatment dose, and interaction term between the
small firm indicator and post treatment indicator. Both specifications control for year, state, industry and
firm fixed effect. *** Significant at the 1 percent level; ** significant at the 5 percent level; * significant at
the 10 percent level.

Faced with a menu of potential contracts, an inventor characterized by idea quality z

selects her preferred firm size q̃ by maximizing her instantaneous utility:

max
q̃

u (cI , eI) =E (cI)−
A

νq̄
Var (cI)−R (eI , q̃) νq̄

st a = a∗ (q̃)

TI = T ∗
I (q̃)

(39)

Putting the expression of the optimal equity level, a∗(q̃), the optimal onwership ϕ, and
T ∗
I (q̃) = (1−ϕ) (1− a∗)µeIx0 (z, q̃) into the maximization problem and solving the first-order

condition,

µ2x0 (z, q̃)

q̃

∂x0 (z, q̃)

∂q̃
((1 + (1− a)(1− ϕ))− 2A (a(1− ϕ) + ϕ)) (a(1− ϕ) + ϕ) = 2Aa2τ − η

q̃
,

(40)
which implies the optimal firm size.

B.2 Proof for Lemma 1

Proof. When ϕ < 1
2A+1

, a∗ > 0, it takes the value:

a∗ =
1− 2Aϕ

(1−ϕ)

1 + 2A
(

τ q̃2

(1−ϕ)2µ2x2
0
+ 1

) ,
which decreases in q̃

x0
. Define f(q̃) = q̃

x0(z,q̃)
. To ensure that the optimal equity decreases in

firm size, it requires that f(q̃) increases in firm size q̃.
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Recall that h(q̃) is as:

h(q̃) =
1

1 + exp (−b0 − b1 log(q̃))
(41)

where b1 > 0. Then x0(z, q̃) = γLz(1 +
γH
γL
h(q̃)).

First, we can rewrite the function h(q̃) as:

h(q̃) =
1

1 + exp(−b0)q̃−b1
=

q̃b1

q̃b1 + exp(−b0)
.

Substitute this into x0(z, q̃):

x0(z, q̃) = γLz

(
1 + γ

q̃b1

q̃b1 + exp(−b0)

)
= γLz

(1 + γ)q̃b1 + exp(−b0)

q̃b1 + exp(−b0)
,

where ∂x0(z,q̃)
∂q̃

= γLzb1q̃
b1−1 γ exp(−b0)

(q̃b1+exp(−b0))
2 > 0. The target function f(q̃) becomes:

f(q̃) =
q̃

x0(z, q̃)
=

1

γLz

q̃(q̃b1 + exp(−b0))

(1 + γ)q̃b1 + exp(−b0)
.

Take the derivative of the non-constant part, q̃(q̃b1+exp(−b0))

(1+γ)q̃b1+exp(−b0)
. Let the numerator be N(q̃) =

q̃b1+1 + exp(−b0)q̃ and the denominator be D(q̃) = (1 + γ)q̃b1 + exp(−b0).
Taking the derivatives:

N ′(q̃) = (b1 + 1)q̃b1 + exp(−b0),

D′(q̃) = b1(1 + γ)q̃b1−1.

Applying the quotient rule numerator N ′D −ND′:
N ′D −ND′ = [(b1 + 1)q̃b1 + exp(−b0)][(1 + γ)q̃b1 + exp(−b0)]− [q̃b1+1 + exp(−b0)q̃][b1(1 + γ)q̃b1−1]

= (b1 + 1)(1 + γ)q̃2b1 + exp(−b0)(b1 + 1)q̃b1 + exp(−b0)(1 + γ)q̃b1 + exp(−b0)
2

− b1(1 + γ)q̃2b1 − exp(−b0)b1(1 + γ)q̃b1

= (1 + γ)q̃2b1 + exp(−b0)[(b1 + 1) + (1 + γ)− b1(1 + γ)]q̃b1 + exp(−b0)
2

= (1 + γ)q̃2b1 + exp(−b0)(2 + γ − b1γ)q̃
b1 + exp(−b0)

2.

When b1 ≤ 1, the expression above is strictly positive for all q̃ > 0, meaning that the equity
level a∗ decreases in q̃. ■

B.3 Proof for Lemma 2

Proof. From the Equation 29, it is easy to see that when ϕ ≥ 1
2A+1

, a∗ = 0. When a∗ > 0,
which is equivalent to ϕ < 1

1+2A
, the expression of equity a∗ can be written as:

a∗ =
N(ϕ)

D(ϕ)
where the numerator is

N(ϕ) = 1− 2A
ϕ

1− ϕ
and the denominator is

D(ϕ) = 1 + 2A

(
τ q̃2

(1− ϕ)2µ2x0(z, q̃)2
+ 1

)
.
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Let us analyze the derivatives of N(ϕ) and D(ϕ) with respect to ϕ. It is easy to see
that N(ϕ) is strictly decreasing in ϕ, and the denominator D(ϕ) is strictly increasing in ϕ.
Therefore, their ratio a∗ = N(ϕ)

D(ϕ)
is strictly decreasing in ϕ. This concludes the proof. ■

B.4 Proof for Lemma 3

Proof. At the optimal level:
e∗I = µ (a∗(1− ϕ) + ϕ)x0 (z, q̃) .

It is easy to see that ∂e∗I
∂(a∗(1−ϕ)+ϕ)

> 0. ■

B.5 Proof for Proposition 1

Proof. When inventors are fully incentivized, ϕ = 1
1+2A

. The optimal equity is a∗(q̃, z) = 0.
The optimal effort eII (z, q̃) is:

eII (z, q̃) = µ
1

1 + 2A
x0 (z, q̃) . (42)

When firms retain ownership, ϕ → 0, the optimal equity is:

a∗ =
1

1 + 2A
(

τ q̃2

µ2x0(z,q̃)2
+ 1

) , (43)

which is always lower than 1
(1+2A)

. The corresponding effort eFI is:
eFI (z, q̃) = µax0 (z, q̃) . (44)

Compare the two cases, the change in effort is:
eII (z, q̃)− eFI (z, q̃)

eII (z, q̃)
= 1− (1 + 2A)a∗(z, q̃). (45)

Since (1 + 2A)a∗(z, q̃) is less than 1 and decreases in firm size, q̃, the change in effort, the
gap between the optimal R&D ownership effort and the firm-owned effort is always positive
and more salient in large firms. ■

B.6 Proof for Proposition 2

Proof. At the optimal level:
e∗I = µ (a∗(1− ϕ) + ϕ)x0 (z, q̃) .

where a is given by:

a∗ =
1− 2Aϕ

(1−ϕ)

1 + 2A
(

τ q̃2

(1−ϕ)2µ2x2
0
+ 1

) ,
when ϕ < 1

1+2A
, and a∗ = 0 otherwise. This proof focuses on the case where equity is

positive.
Since µ and x0(z, q̃) are strictly positive and independent of ϕ, the monotonicity of eI
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with respect to ϕ is identical to the monotonicity of the term inside the parentheses:
ϕ̃ ≡ a∗(1− ϕ) + ϕ.

Substituting the expression for a∗ into ϕ̃, we have:

ϕ̃ =
(1− ϕ)− 2Aϕ

1 + 2A+ 2Aτq̃2

(1−ϕ)2µ2x2
0

+ ϕ

=
1− ϕ− 2Aϕ+ ϕ

(
1 + 2A+ 2Aτq̃2

(1−ϕ)2µ2x2
0

)
1 + 2A+ 2Aτq̃2

(1−ϕ)2µ2x2
0

=
1 + ϕ

(
2Aτq̃2

(1−ϕ)2µ2x2
0

)
1 + 2A+ 2Aτq̃2

(1−ϕ)2µ2x2
0

.

Therefore,
∂ϕ̃

∂ϕ
= Constant ×

[(
1 + 2A+

2Aτq̃2

(1− ϕ)2µ2x2
0

)
(1 + ϕ)− 2

(
1 + ϕ

(
2Aτq̃2

(1− ϕ)2µ2x2
0

))]
= Constant ×

[
2Aτq̃2

(1− ϕ)µ2x2
0

+ ϕ(1 + 2A) + 2A− 1

]
,

where the Constant =

(
2Aτq̃2

µ2x20

)
(
1+2A+ 2Aτq̃2

(1−ϕ)2µ2x20

)2

(1−ϕ)3
is positive. The sign of ∂ϕ̃

∂ϕ
depends on the

ratio of non-innovative to innovative risk τ q̃2

µ2x2
0
, and on the inventor ownership ϕ. When

the inventor holds a sufficiently large share of R&D, ϕ ≥ ϕ̄ ≡ 2A−1
1+2A

, ∂ϕ̃
∂ϕ

> 0 always holds.
Therefore, eI is strictly increasing in ϕ.

Otherwise, the result depends on the sign of the first term. Following the proof of
Lemma 1:

∂ τ q̃2

µ2x2
0

∂q̃
≥ 0,

implying the effective ownership ϕ̃ increases in ϕ when the q̃ ≥ q̃0.28 When ϕ < ϕ̃ and q̃ < q̃0,
∂ϕ̃
∂ϕ

< 0, an increase in ϕ leads to a decrease in effective ownership and hence a drop in effort
e∗.

In the closed-form model with modified assumptions, the cutoff is ϕ̄ ≡ 2A−1
1+2A

. In the
full model, the ownership cutoff is higher than 2A−1

1+2A
. This is because that the closed-form

variance specification suppresses the effort-dependence of innovation risk, which inflates the
share of innovation risk in the inventor’s variance and tightens the threshold. ■

28q̃0 satisfies 2Aτq̃20
(1−ϕ)µ2x2

0(z,q̃0)
+ ϕ(1 + 2A) + 2A− 1 = 0.
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B.7 Proof for Proposition 3

Recall that the optimal firm size is determined by Equation (40):

µ2x0 (z, q̃)

q̃

∂x0 (z, q̃)

∂q̃
((1 + (1− a)(1− ϕ))− 2A (a(1− ϕ) + ϕ)) (a(1− ϕ) + ϕ) = 2Aa2τ − η

q̃
(46)

It is easy to see that the solution of q̃ depends on the value of ϕ.

B.8 Full Model: Innovation

For an inventor who chooses to work in the production sector, the consumption is

cLI = ξw =
ξ(1− β)

(1 + ξlI)β
q̄. (47)

For an inventor who chooses to work in the R&D sector, the consumption is
cI(a, TI , q, z, ϕ, q̄)dt

= TIV (q̄)dt+ adV (j|q, z),

= TIνq̄dt


+aτνqdt, Pr = 1− τdt− µeIdt

−a(1− τdt− rdt)νq, Pr = τdt

+((a(1− ϕ) + ϕ) (1− rdt)x(z, q̃)q̄ + aτqdt) ν, Pr = µeIdt

(48)

where r is the interest rate. The consumption is linear in ν. The inventor’s expected
consumption is given by:

E (cI(a, TI , q, z, ϕ, q̄)) = ((a(1− ϕ) + ϕ)µeIx0 (z, q̃) + TI)νq̄,

with the corresponding variance expressed as:
Var (cI(a, TI , q, z, ϕ, q̄)dt) =E((cIdt)2)− E(cIdt)2

=E
(
(a(1− ϕ) + ϕ)2 x2(z, q̃)µeI + a2q̃2τ

)
ν2q̄2dt

=
(
a2q̃2τ + (a(1− ϕ) + ϕ)2 E(x2(z, q̃))µeI

)
ν2q̄2dt

This variance is driven by two distinct channels: fluctuations in the baseline non-innovation-
related firm value and the stochastic nature of the R&D process itself. While both com-
ponents scale with firm size q̃, the volatility stemming from non-innovation shocks grows
at a faster rate. This implies that inventors in larger firms are exposed to more intense
noise unrelated to their research output. Consequently, larger firms face more severe agency
frictions, as the equity stake held by the inventor becomes a less effective instrument for
stimulating R&D effort. Based on the menu of available employment contracts, the inventor
selects the optimal firm size q̃ that maximizes her objective function.

The inventor’s disutility of choosing effort eI in a firm q̃, R(eI , q, q̄), is given by Equa-
tion (3). Using the normalized q̃, it can be rewritten as R(eI , q̃) =

1
1+δ

e1+δ
I + ηq̃.
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The flow utility is defined as:

UI(cI , eI) =
(
(a(1− ϕ) + ϕ)µeIx0 (z, q̃) + TI −A

(
a2q̃2τ + (a(1− ϕ) + ϕ)2 E(x2(z, q̃))µeI

)
−R(eI , q̃)

)
νq̄,

(49)
The inventor’s objective is to choose an effort level that maximizes this utility:

max
eI

UI(cI , eI).

The first-order condition (FOC) characterizes the optimal effort:

eI =
(
(a(1− ϕ) + ϕ)µx0 (z, q̃)−A (a(1− ϕ) + ϕ)2 E(x2(z, q̃))µ

) 1
δ (50)

which is invariant to ν.
The equilibrium wage rate TI is determined via Bertrand competition:

(1− a) (1− ϕ)µeI [E (V (j|q + x(z, q̃)q̄)− V (j|q)])− TIV (q̄) = 0

TI = (1− a)µeIx0(z, q̃)

which is invariant to ν.
Therefore, the instant utility is linear in νq̄:

UI(cI , eI) =
(
(a(1− ϕ) + ϕ)µeIx0 (z, q̃) + TI −A

(
a2q̃2τ + (a(1− ϕ) + ϕ)2 E(x2(z, q̃))µeI

)
−R(eI , q̃)

)
νq̄

=uI(z, q̃)νq̄

(51)

where uI(z, q̃) is unaffected by ν.
The inventor’s firm selection problem can be written as:

q∗ = argmax{uI (z, q̃) νq̄} (52)

Since νq̄ > 0, the decision rule is the same as:

q∗ = argmax{uI (z, q̃)} (53)

This demonstrates that the normalized decision rule q̃∗(z) only depends on parameters.
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Appendix C Quantitative Exercise

C.1 Earning standard deviation to mean ratio

The estimation uses a parametric approach. Assume that inventor earnings cI follow a log-normal
distribution:

cI ∼ LogNormal(ϕ, σ2
e), ϕ ∈ R, σe > 0.

The standard-deviation-to-mean ratio (CV) depends only on σe:

CV =

√
Var(cI)

E[cI ]
=

√
eσ2

e − 1.

The Lorenz curve L(p) gives the share of total earnings held by the bottom fraction p of the
population. For a log-normal distribution, it has the closed-form expression

L(p) = F
(
F−1(p)− σe

)
,

Akcigit and Goldschlag (2025) reports the empirical Lorenz curve of inventor earnings. Given this
curve, the parameter σe can be recovered, and the implied standard-deviation-to-mean ratio follows
directly from the closed-form expression above.

C.2 Counterfactual Decomposition (Leave-One-Out)

To further isolate the quantitative contribution of each adjustment margin, this appendix reports an
alternative “leave-one-out” decomposition. In this exercise, all three counterfactuals are decomposed
by shutting down one channel while permitting the other two margins to re-optimize. Results are
reported in Table C3.

The results are consistent with the sequential exercise reported in Table 6. Because the partici-
pation channel is added last in the sequential decomposition, its marginal contribution coincides with
the result of removing it in the leave-one-out exercise. The reallocation channel yields magnitudes
similar to those in the sequential exercise, especially for the 0% and 10% ownership cases, implying
that it has limited interaction with the participation channel. This is mainly because the inventor
participation rate changes little in both cases. The contract channel has the largest discrepancy in
magnitude. Shutting down the contract channel has two effects. One effect is to change inventors’
incentives. The second effect is to change the equilibrium inventor allocation relative to the full
counterfactual with all three channels active. In the 0% ownership case, shutting down the contract
channel leads to a larger drop in the growth rate, since firms cannot compensate for inventors’ lost
direct ownership by offering more equity. In the 10% ownership case, shutting down the contract
channel leads to a large increase in the growth rate. This is mainly due to the incentive effect. The
baseline equity scheme provides a higher equity level than the new optimum. Combined with the
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increase in the inventor’s direct ownership, this over-incentivizes inventors, leading to higher effort.
In the 50% ownership case, however, the second reallocation effect dominates. The equity provided
in the baseline economy is substantially higher than the optimal level. As a result, it restricts the
inventor’s reallocation and leads to a smaller growth gain. Taken together, both decompositions
point to the same conclusion. The interaction between contracts and reallocation, rather than any
single channel in isolation, drives the aggregate growth response to ownership shifts.

Table C3: Leave-One-Out Decomposition of Macroeconomic Growth

Baseline Counterfactual Inventor Ownership Regimes

Moment (2% Ownership) 0% Ownership 10% Ownership 50% Ownership

Growth Rate 2.01% 2.01% 2.03% 3.09%

Percentage Change(Shutting Down Individual Channels)

Without Participation Channel — -0.05% +0.38% +44.19%
Without Reallocation Channel — -0.07% +0.41% +7.12%
Without Contract Channel — -1.26% +4.93% +53.51%

Total Percentage Changes — -0.15% +0.66% +53.54%

Marginal Percentage Contribution

Participation Channel — +63.33% +42.42% +17.46%
Reallocation Channel — +50.00% +37.12% +86.70%
Contract Channel — -746.67% -652.27% +0.06%

Notes: This table reports the “leave-one-out” decomposition of the aggregate growth rate. Panel A
reports the percentage change relative to the baseline when the specified channel is rigidly fixed at its
baseline optimal policy while all other margins re-optimize in general equilibrium. Panel B isolates the
percentage contribution of that specific channel to the total change in General Equilibrium (GE) growth
induced by the ownership shock. The contribution is mathematically defined as
(gGE − gshut_down)/(gGE − gbaseline)× 100.

Appendix D Discussion on Assumptions

This paper is based on several assumptions. This section discusses assumptions, extensions and fu-
ture research. The baseline assumes no commitment regarding ownership allocation. An alternative
setting is to allow inventors to commit to transferring part of their statutory share to the firm, but
not vice versa, reflecting the disparity in legal resources between individual employees and corporate
employers (Alok and Subramanian, 2023). This would alter the counterfactual predictions at high
ϕ: when inventors hold substantial statutory ownership, they could voluntarily transfer part of it
to improve risk-sharing. In the limit, when ϕ → 1, the result converges to the full-commitment case
as in Section 6.3.

In the baseline model, each inventor is matched to her optimal firm. One natural extension is to
incorporate a more sophisticated search and matching process. Search frictions would prevent some
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inventors from reaching their preferred firm. As a result, the reallocation of inventors between small
and large firms in response to ownership shifts would be less pronounced than the counterfactuals
suggest.

Another important assumption is that inventors are short-lived, which abstracts from repeated
interactions. This assumption is reasonable for one-time inventors, who account for more than 50%

of inventors in the USPTO sample period. For serial inventors, long-lived agents would allow firms
to sustain implicit incentive contracts through reputation, which could partially mitigate the agency
friction. However, credit attribution within large firms is noisy and slow, so the core mechanism
would be attenuated but not eliminated. A full dynamic contracting analysis of this channel is left
for future research.

D.1 Discussion on Results

One natural question is why the firm doesn’t promise the inventor a certain share of her innovative
outcome? It seems a natural cure for the problem. In other words, why do firms enforce pre-invention
assignment agreements?

There are three possible reasons. First, the gray area in common law (Section 2) creates a
hold-up risk. Without a pre-invention assignment agreement, inventors could exploit the ambigu-
ity to extract rents from employers. Though pre-invention assignment agreements lower innovative
productivity, they protect firms from this hold-up risk. Second, the US lacks the institutional infras-
tructure required to implement a more sophisticated pre-invention assignment contract that specifies
the shares belonging to the inventor and the employer. In fact, the German Employee Inventions
Act (Gesetz über Arbeitnehmererfindungen) explicitly states the invention assignment rules be-
tween inventors and firms, and does not allow for private negotiation. Implementing such a system
requires a careful evaluation of every innovation’s value, which is extremely demanding and calls for
institutional support. In Germany, the Arbitration Board under the Employee Inventions Act is in
charge of settling disputes between inventor-employees and their employers. However, in the United
States, such institutional infrastructure does not exist, making implementation infeasible. Third,
institutional inertia may prevent reform even when the system is suboptimal. Hvide and Jones
(2018) document that after Norway shifted innovation ownership from professors to universities,
innovative output dropped by half, yet no policy reversal followed.
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