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ABSTRACT

Signaling Role of Patenting Decisions
A.Burak Kiigiik
Master of Arts in Economics
January 26, 2024

This thesis analyzes a strategic environment in which firms compete under simul-
taneous innovation and choose between filing a patent and relying on secrecy to
protect their intellectual property. We build a theoretical model in which an in-
ventor is essential to production and the inventor’s ability is the key determinant
of his or her productivity. Under full information, in which firms observe each
other’s innovation output and the inventor’s ability, they opt for patenting and
there is turnover only when the inventor has low ability. Incorporating informa-
tional asymmetry when firms have simultaneous innovation with certainty leads to
an equilibrium in which the incumbent has incentives to distort optimal patent fil-
ing decision. The incumbent firm does not file a patent to avoid losing the inven-
tor to the competitor and paying higher retention wages, whereas the competitor
is granted a patent but cannot transfer knowledge. Our results indicate that un-
der asymmetric information firms are more likely to patent their innovation under
strong property rights, weaker rivalry, and higher monopoly profit. By contrast,
higher ability difference between the inventor types is more important on turnover
and choosing secrecy as the protection mechanism. When simultaneous innova-
tion is possible but not definite, we find a threshold of simultaneous innovation
probability over which firms choose to file a patent. This threshold increases with
stronger property rights, higher monopoly profits and lower duopoly profits. Also,
assuming a 0.5 ratio between duopoly and monopoly profits, we show that firms
file a patent when simultaneous innovation occurs at a rate that is higher than the

lost profit due to revealing information with patents.
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OZETCE

Patent Kararlarinin i§aret Etme Rolii
A.Burak Kiigiik
Ekonomi, Yiksek Lisans
26 Ocak 2024

Bu tez, firmalarin eg zamanh yenilik altinda rekabet ettigi ve sinai miilkiyetini ko-
rumak ic¢in patent bagvurusu yapma veya gizlilige giivenme arasinda se¢im yaptigi
stratejik bir ortami analiz etmektedir. Bir mucitin iiretim i¢in esas oldugu ve mucitin
yeteneginin tiretimin ana belirleyeni olan teorik bir model olusturuyoruz. Fir-
malarin birbirlerinin yenilik giktilarini ve mucidin yetenegini gozlemledigi tam

bilgi altinda, firmalar dengede patent bagvurusu yapmaya karar verirler ve mucitin
rakip firmaya gecmesi yalnizca diigiik yetenege sahip oldugu durumda meydana

gelir. Firmalarin egzamanl yenilik yapmasi mutlak oldugu durumda bilgi asimetrisini
dahil etmek, mucitin ¢alistigi firmanin optimal patent bagvurusu yapma kararini
bozmasina sebep olacak tegviklere sahip oldugu bir dengeye yol acar. Bu firma,
mucidi rakibe kaybetmemek ve daha yiiksek iste tutma iicretleri 6dememek igin

bir patent bagvurusu yapmazken, rakip firma bir patente sahip olur ancak bilgi
transferini saglayamaz. Sonuclarimiz, asimetrik bilgi altinda firmalarin gii¢lii milkiyet
haklar1, zayif rekabet ve yiiksek tekellesme karlar: ile inovasyonlarini daha olasi

bir gekilde patentlemeye egilimli oldugunu gostermektedir. Buna karsilik, mucid
tiirleri arasindaki yiiksek yetenek farkinin is degisikligi ve koruma mekanizmasi
olarak gizliligi secmede daha onemli oldugunu belirtiyoruz. Eg zamanh yenilik
miimkiin ancak kesin olmadiginda, firmalarin bir patent bagvurusu yapmay1 tercih
ettigi es zamanl yenilik olasiligi i¢in bir esik belirliyoruz. Bu egik, giiclii miilkiyet
haklar1, yiiksek tekellesme karlar1 ve diisiik tekel karlar: ile artiyor. Ayrica, tekel

ve ikili tekel karlar1 arasindaki oranin 0.5 oldugunu varsayarak, her ne zaman fir-
malarin patent bagvurusu yapma esigi patentler araciligiyla agiga ¢ikan bilgiden
kaynaklanan kayip karin tizerindeyse, firmalarin bu durumda patent bagvurusu

yaptigini gosteriyoruz.
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Chapter 1: Introduction 1

Chapter 1

INTRODUCTION

This paper examines the incentives of firms to distort their intellectual property
(IP) protection choices by focusing on certain characteristics of patents. First,
patents provide valuable information about the inventors, acting as signals of their
abilities. Second, patents reveal information about the innovation itself, giving
firms a competitive advantage by impeding others from using the same advance-
ments. Based on legal grounds, patents are public information, which makes them
easily (and to some extent freely) accessible. Following this, patents can as well
be used as a source of information about the inventor. We exploit this characteris-
tic of patents as signals about the inventors. Moreover, patents reveal information
about the innovation by outlining the key advancements that are to be legally pro-
tected. Firms in a market that can produce similar (or same) innovations have

an additional incentive for patenting since other parties are impeded from using
the same advancements, at least to some extent, when a firm is granted a patent.
In this context, we focus on two sides of patents. On one hand, patents are infor-
mative about their inventors, and this is not always favored by firms since they
risk losing their human capital, in other words, inventors. On the other hand,
patents provide legal protection in case of simultaneous innovation. We focus on

this trade-off faced by innovative firms.

Our approach coincides with some of those in the labor economics literature ex-
amining promotions. Specifically, we use the idea that job allocations and pro-
motions act as signals of workers’ abilities. In his seminal work, Waldman (1984)

builds a model in which firms are allowed to assign their workers to jobs; and rival
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firms use those job allocations as signals about the workers. The paper also shows
under certain assumptions, firms have incentives to inefficiently assign workers to
jobs so that they do not have to pay higher wages to a worker whenever turnover
is costly. Similarly, we focus on the signaling role of patents and build a model
which shows that firms do not always file a patent since patents reveal the abil-
ity level of the inventor and may require higher wages, especially when turnover is

costly.

On the other hand, patents provide a precautionary guard to firms in case their
rivals produce a similar innovation. Our understanding here coincides with that
of Kultti et al. (2007) in the sense that firms believe that there is simultaneous
innovation at a certain rate, and in such a case, at most one firm is granted a
patent. Therefore, firms are encouraged to protect their intellectual property by
filing a patent before their rivals do so, whereas being granted a patent is a threat

to firms since patents (possibly) reveal valuable information about inventors.

Focusing on this trade-off, we first build a benchmark model in which there is si-
multaneous innovation by two firms;and there is no information asymmetry. As
expected, this benchmark model illustrates the positive sides of filing a patent
since firms cannot reveal additional information by filing a patent. Hence, filing

a patent is a dominant strategy for firms in the benchmark. Second, we add asym-
metric information to the model and let the incumbent firm send a signal of the
inventor ability by choosing whether to file a patent or not. In this case, we find
equilibrium conditions that lead to different results; some assumptions lead to
the results where firms have incentives to distort their patent filing decisions com-
pared to the benchmark. Following this, we shortly explore the benchmark model
when simultaneous innovation is possible but not definite. Our results from this
model suggests that strong property rights, more likely simultaneous innovation,
and higher monopoly profits are associated with filing a patent, whereas weaker
property rights and greater loss on profits by revealing information are associ-
ated with firms’ choosing to rely on secrecy to protect their intellectual property.

We also show that, by assuming a 0.5 profit ratio between duopoly and monopoly
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profits, firms file a patent whenever simultaneous innovation occurs at a rate that
is higher than the lost profit due to revealing information with patents. We dis-
cuss the limitations of the paper and propose implications to test our model with
real data. Finally, we build an extension of the model in which the incumbent ex
ante commits to file a patent and its production depends on the effort level chosen
by the inventor. We show that under some assumptions, ex ante commitment to
patents leads to inefficient results due to turnover. We conclude the paper by out-

lining the key results, future research directions, and some unaddressed questions.

The rest of the paper is organized as follows. In section 2, we discuss the related
literature. In section 3, we present and analyze our main model. In section 4, we
discuss the limitations of our model and propose some implications to test it. In
section 5, we build an extension of the model with ex ante commitment to filing a

patent. In section 6, we conclude the paper.
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Chapter 2

RELATED LITERATURE

Property rights apply to a large set of properties, including any type of “formal”
intellectual property (IP) which can be summarized under trade secrets, copy-
rights, and patents. Unlike physical properties, IPs are quite sensitive to the limits
of their use and the extent of protection defined by law, as this type of proper-
ties mainly consist of breakthrough information, valuable knowledge; thus, it is
harder to protect an IP without depending on court action. Therefore, it is in-
evitable that law has a critical role when IP owners choose a type of protection.
Hypothetically, the boundaries defined by law is a result of a joint agreement;
hence, it must be for the good of the society, or at least for the good of the ma-
jority who came to agreement for the rule of law. However, it is open to debate
that the extent of IP rights brought with patents, and similarly copyrights, grant
a legal monopoly to the owner. While this gives incentives for the future inven-
tions, it may be detrimental for the competition. Once a firm is granted a patent,
other firms may be further discouraged from competition and hence they may

draw back from investing in R&D.

When firms decide on how to protect their IP, their priority is to maximize the
benefit from a given innovation. Hence, they choose the protection mechanism
that makes them more appropriative considering the legal environment, the extent
of the innovation, competition in the market and many other factors that may
directly or indirectly affect their profits. In such an environment, firms commonly
have two choices; they either protect the innovation through patents or choose to

rely on secrecy.

Anton and Yao (2004) model the choice between secrecy and patents with a trade-
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off in which firms must disclose some information about their innovation to signal
their competitiveness while disclosing information leads to an imitation threat.
Their model leads to a result in which the size of an innovation has an impact on
which protection mechanism is chosen. More specifically, small and medium size
innovations are patented whereas larger innovations are mostly protected by se-
crecy. A key part of their model is the level of property rights which represent the
legal protection provided by patents, as expected, stronger property rights are as-
sociated with higher incentives for patenting. This result is consistent with the
work by Horstman et al. (1985), who show that patenting occurs when the imita-
tion is not profitable or when the imitation is profitable but product differentia-

tion is not likely.

Another investigation on why firms do not always patent their innovations is con-
ducted by Kwon (2012), in which they show stronger protection can still decrease
firms’ incentive to innovate, even when stronger protection makes firms more likely
to patent their innovations. This result is consistent with some empirical evidence.
For example, Arundel and Kabla (1998) find that two out of three firms rely on
secrecy among 604 European firms. In addition, Cohen et al. (2000) report that
regardless of the innovation type, firms’ propensity to patent an innovation is

not greater than 50%. This evidence is counterintuitive in the sense that legal
monopoly granted by patents and protected by courts must be less attractive to
firms than relying on secrecy in which case almost no court action is possible in
case the of infringement. However, this supports the consensus in the literature
that secrecy usually provides more protection than patents, as patents disclose
information about an innovation and makes imitation more feasible. This is espe-
cially important for the future of patent policy, some explanation may lie in un-
derstanding the required time for detecting and punishing infringement as it may
be costlier for firms than the expected protection provided by patents, the patent
policy may not be strict enough for infringement and reverse engineering always

remains as a threat.

Following the statements above, a counter argument could be why firms patent
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their innovation when secrecy provides more protection. As in Anton and Yao
(2004), the explanation can be the positive signaling impact of patents, by which
firms can threat their competitors, make them produce less and increase their
market share. However, it may not always be the case in which firms choose pro-

duction levels with respect to their competitors’ cost.

Another explanation by Kultti et al. (2007) touches on simultaneous innovations.

In such a setup, firms are likely to end up with the same innovation and there

is a competition over patents. Their model is intuitive and follows the tradeoff

that multiple innovators of the same innovation is possible and if a firm does not
patent an innovation, it takes the risk that another competitor can patent it, whereas
the firm discloses information with patents and usually bear weaker protection un-
der patents compared to secrecy. Assuming the simultaneous innovations are likely
to occur, their model clearly shows why firms choose patents even when secrecy

provides more protection.

While the simultaneous innovations may be counterintuitive for most firms or in-
dustries, a similar argument can be made by relying on complementary innova-
tions. Such a setup exists in Bessen and Maskin (2009) and by Hall and Ziedonis
(2001). The basic intuition is that with complementary or cumulative innovations,
a firm’s patent can create a hold-up effect by substantially deterring the value of
the complementary patents granted to other firms. Hence, this may be another
reason why firms choose patents over secrecy, by which they can secure their com-
petitive advantage over the competitors. However, this intuition combined with
weaker patent protection also features decreasing level of R&D investment since

firms are discouraged from investing more easily.

Another perspective to IP protection mechanism choice relates to knowledge trans-
fer and efficiency problem. When firms patent their innovation, they bear a cost
due to disclosing information. However, in a way, they make sure that their knowl-
edge is not directly transferable due to legal barriers. A related work by Kim and
Marschke (2005) investigates how firms’ patenting decisions can be explained with

a risk of departure by their scientists. In their work, they model firms’ patenting
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decision as a protection mechanism towards their own employees, patents decrease
the value of the innovation outside of the innovator firm, hence, patents decrease
the inventor’s incentive to move to a competitor by limiting the total value of
knowledge transfer thanks to legal protection. This setup is especially important
for understanding how more efficient IP choice could be without loyalty problems
and how departure threat of inventors may deter the total exploitation from an
innovation. A similar work by Agarwal et al. (2009) shows that when firms have
higher reputation for being tough towards litigation, the departure of inventors
create less spillovers for other firms as well. Hence, firms’ standing towards their
own innovation may also be determining how feasible knowledge transfer within
firms due to departure of inventors can be. Schneider (2008) argues that patents
discloses information which makes it feasible for other firms to patent a sequen-
tial innovation, hence, make a profit, however, similar to Anton and Yao (2004),
they also argue that patents add value to the firm by signaling competitiveness.
Therefore, innovation being more likely to be sequential is also another important

aspect of firms’ IP protection mechanism choice.

Even though the contractual problems are hard to overcome as non compete agree-
ments are usually seen as a barrier for an employee to secure a job, and trade se-
cret laws are hard to implement, patents remain as the strongest formal IP choice
of firms other than relying on secrecy. Works by Scotchmer and Green (1990) and
Gallini (1992) are also cited in patent vs secrecy articles, however, these works
lack incomplete information as a patent discloses the information fully, and the
authors mainly look for implications of the patent policy on incentives to file a
patent. Survey by Hall et al. (2014) supports the claims that secrecy is preferred
more often by firms by showing evidence that only a small fraction of innovative
companies use formal IP protection mechanisms, and they mostly rely on secrecy
instead of patents.

In summary, firms’ [P protection mechanism choice is an outcome of many vari-
ables such as the extent of property rights and legal protection, type of an inno-

vation in the sense that whether it being simultaneous/complementary /sequential
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or a single innovation, possibility of knowledge transfer and imitation threat, the
extent of positive impact of patents by signaling the competitiveness of a firm
(especially by signaling very low cost of production to other firms which mainly
gives the inventor firm a competitive advantage over the rivals), the relative cost
of patenting/secrecy. While the patenting decision is not limited to these factors
mentioned above, they are the main ones investigated in the related articles. In
the literature, there is almost an unarguable consensus that patents disclose infor-
mation and secrecy provides more protection compared to patents, however, some
papers explain partially why firms still choose to disclose information by choosing
a weaker protection with patents. While disclosing information may be beneficial
to the society along the lines of some related articles investigating Open Science,
it may not be favorable by firms, especially in the short run. Hence, applying the
Open Science to firms’ IP protection choice may provide only limited interpreta-

tion as the incentives to disclose differ significantly between firms and individuals.

Although some papers explain why firms choose patents, the arguments can still

not be generalized and apply to all firms. While some firms choose to file a patent
due to sequential innovation or the value created by the signaling impact of patents,
some other firms may still favor patents for unexplained reasons. Hence, in this
paper, we try to bring a new perspective to why firms may not always favor patents,
focusing on the importance of an inventor’s ability and the possibility of simulta-
neous innovation. For the base of the model, we slightly borrow from Kultti et al.
(2007), disregarding the partial protection of IP protection mechanisms, and we

believe the rest is original work.
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Chapter 3

MODEL

In this section, we build a theoretical framework in which patents reveal informa-
tion about an inventor’s ability. Then, we present the model and analyze it under
full information (benchmark model) and under asymmetric information. We pro-

pose our solution concepts and assumptions separately in each subsection.

3.1 General Setup

We consider a two-period model with one inventor and many firms, with our pri-
mary focus on firms A and B. Firm A is unique in that its production is endoge-
nous, while firm B represents the rest of the market where production is drawn
from a set with respect to a function g (further assumptions on this will be made
later). In other words, the market consists of firms A, B, and infinitely many
other firms that are identical to firm B. The competition in this market is cen-
tered around the production of an innovation, which carries a certain value im-
pacting their sales in the first period (product market) and its implementation in
the second period (innovation market). The details of the innovation market will

be discussed in the subsequent paragraphs.

Firms A and B produce the same innovation with probability 8 € [0, 1]. In this
scenario, simultaneous innovation refers to only one party (one firm in this case)
being legally entitled to claim an innovation as their intellectual property, as firms’

innovations are not distinct enough to be granted separate legal entitlements.

Firm A employs an inventor at the beginning of period 1. The inventor can be of
type H or of type L, where type H represents an inventor with the ability level

Oy and type L represents an inventor with the ability level 8. We assume 1 >
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Oy > 0, > 0 and we treat ability as a normalized probability that an inventor
successfully implements a project in the second period. The project in the second

period is related to the innovation produced in the first period.

In period 1 both firms produce an innovation which has a value. Firm A produces
Vi € {V5,Vi}, where i is the ability level of the inventor. Firm B’s production is
denoted by V which is exogenous and drawn from V € VL, Vil]. V; is the value of
the innovation and determines the size of the market; hence, all profits are multi-

plied by this.

After this, firms choose to rely on secrecy or file a patent, where secrecy is de-
noted by s; = 1 and patening by s; = 0. In case both firms file a patent, each

is granted a patent with equal probabilities. A patent grants a monopoly at the
rate a € (0,1). Consistent with the literature patents do not provide full protec-
tion, thus, we restrict a to be strictly between 0 and 1. For instance, even when

a firm is granted a patent, it receives monopoly profit at the rate a and duopoly
profit at the remaining rate 1 — «. A firm receives duopoly profit at the rate 1 — «
if the rival is granted a patent. If neither is granted a patent, they share duopoly
profits. We provide net payoffs for all possible cases on the next page.

Observing the patent realizations, firms have the option to extend an offer to the
inventor. The offer of firm j to the inventor with ability level ¢ is denoted by w{ :
The firm who employs the inventor in the second period receives an additional
profit equal to the ability level of the inventor; this is due to capturing human

capital. Firms are risk neutral. See Appendix B for a detailed discussion on this.

In the subsequent subsections, we provide details for the timing, information struc-
ture, and other assumptions for the full information benchmark and asymmetric

information cases.
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3.2 Simultaneous Innovation with g =1

3.2.1  Full Information Benchmark

We begin by analyzing the model under full information. In this setup, we assume
that the type of the inventor and the innovation value of firms A and B are com-
mon knowledge. As a result, wages will be type-specific, where firm j extends a
wage offer w? to inventor i. However, to be consistent with the asymmetric infor-
mation setup, we will still assume a common prior p , such that the probability

of the inventor being of type H is denoted by Pr{6; = 0y} = p. Under the full

information benchmark, p = 1 if the inventor is of type H and p = 0 otherwise.

Definition 1. An equilibrium for the full information benchmark game under si-
multaneous innovation with 3 = 1 is the tuple (wg, ws, wd, wl s& st sB(V))

where

i (wi, wi, wh, wP) € RY is the set of wages extended to inventor i € {H, L} by

firm j € {A, B},

ii. (s4,s4) € {0,1}2 is the of patenting decision of firm A with the inventor 4 of

type H and L respectively, where s = 0 means that firm A files a patent and

A

st = 1 means that firm A relies on secrecy when when the inventor’s type is i €

{H, L},

iii. s2(V) : [Vg, V] = {0,1} is a mapping representing the patenting decision of
firm B (when mixed strategies are not allowed). Specifically, s?(V) = 0 when firm

B with the production value V files a patent and s®(V) = 1 otherwise,

such that the following conditions are simultaneously satisfied for j € {H, L}:

w}4 € argérélax Pr{z>w?} - [V;6; — a] (3.1)
TERY
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wy € arwgeléiax Pr{z > wf} [VO; — ] (3.2)

s € argmax []l(a: =1)(s"Vimg + (1 = s®)V;(1 — a)mg) + 1(z = 0)
z€{0,1}

SB+1 ]_—SB B A 5
[ 5 Vi(am,+(1—a)mg) + 5 Vi(1=a)m)]+ (Vi —w?P) 1 (w] > w?)

(3.3)

sB(V) € argmaxp - []1(3: = 1)(32V7Td + (1 - 32)17(1 —a)mg) + 1(x = 0)
z€{0,1}

sg+ 1z 1—sfo - B B A
(=5 —Vlam+ (1 - a)ma) + —5—V {1 —a)ma) + (VOn —wi) 1wy > wg)

+(1—p)- []1(1: = D)(s8Vmg+ (1 — sHV (1 — a)mg) + 1(z = 0)

ot (o)) + R0 ) + (78, —uf U (wf > wf)]

(3.4)

The definition described above can be used to solve for an equilibrium and analyze
a candidate equilibrium by checking whether all of the equations in the definition
are satisfied. Equations 3.1 and 3.2 show that maximization problems for wage
offers extended after the patent filing decisions of the firms. Equations 3.3 and

3.4 deal with the maximization problems for optimal patent filing of firms using
backward induction, as the turnover depends on wage offers, and firm A’s decision
is type specific for j € {H, L}. However, under full information, the equations 3.1
and 3.2 do not need to be case-specific since there is only one information node

to be reached before extending wage offers. Below we explain these equations in

more detail.

i. Regardless of the patent filing decision, firms perfectly observe the inventor’s
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type and the value of innovation produced by the other firm under full informa-
tion. Hence, wage offers aim to maximize the payoff from implementing the project
in the second period, considering the competition among firms to hire the inven-

tor. Thus, equations 3.1 and 3.2 do not consider the patent filing decision.
ii. Firm A solves equation 3.3 to determine its optimal patent filing strategy.

- If A chooses secrecy, v = 1 in 3.3, then A receives either a duopoly profit from
the product market when B also chooses secrecy (s? = 1), or (1 — «a) of the
duopoly profit when B chooses to file a patent (s = 0). The latter reflects that
even though B has the legal monopoly in the market when granted a patent, this
is only to the extent « is close to 1; hence, A may still earn a share of the duopoly
profit. Also, the product market is captured at the rate V; for j € {H, L}, result-

ing in the multiplication with V.

- If A chooses to file a patent, x = 0 in 3.3, then A is granted a patent with proba-

bility 532+1. Since we do not allow for mixed strategies, this is either 0.5 if s% = 0,
or equal to 1 if s = 1. If s = 0, then A is granted the patent with a proba-
bility of 0.5; receiving a monopoly at the rate @ and a duopoly at the rate 1 — a.
With the remaining 0.5 probability, B is granted the patent, and A receives only
a duopoly at the rate 1 — . Again, the product market is captured at the rate V;
for j € {H, L}, resulting in the multiplication with V;. Finally, if the wage offer
extended by A is greater than or equal to the wage offer extended by firm B, then

A retains the inventor at the cost wf, implements the project with probability 6;

and receives a payoff of V;

iii. Firm B solves equation 3.4 to determine its optimal patent filing strategy. Un-
der full information, either p = 1 or p = 0, thus, B knows whether the inventor is
type H or L and solves one part of the equation. The rest of the equation is simi-

lar to what is explained above for equation 3.3.

Proposition 1. Since firm B is the representative of the rest of the market, B’s

wage offer equals the (expected) marginal product of the inventor in any equilib-
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rium. This wage offer is characterized by the function f, where f(V,0;; 54, s8) =
E[0; | s, sP|V. With this, we will restrict the domain of the mazimizers in 5.1
and 3.2 to the set wages that are in the co-domain of the function [ for any equi-

librium candidates.

Proof. Suppose for contradiction that firm B offers wf < E[f; | s, sP]V. Then,
since there are infinitely many firms identical to firm B, say firm B’ would offer
wf +e < Elf; | s4, s8]V for some small € > 0 and has a higher probability of
hiring inventor ¢ and still makes a positive profit in the amount equal to E[f; |

54,551V —w? — ¢, then firm B has a profitable deviation by offering w + € +

]E[9¢|3A,SBN_/7w;-376

A < E[6; | 54, sB]V. However, the same argument can be sustained

infinitely many times until one of the outside firms extends a wage offer equal to
E[0; | s*,s5]V. This is because (expected) marginal product of the inventor for
the rival firms are equal and this leads to a standard Bertrand competition result.

O

Proposition 2. Under the full information benchmark, in equilibrium, there is
turnover only if the inventor is of type L. The inventor’s wage offer is determined
by the outside option with respect to the function f. Specifically, wi = VO and
wi €0,V0y).

Proof. Suppose there is no turnover when the inventor is type L. Then, it must be
that wit = f(V,0;) = V0y, so that A matches B’s offer. Then since V;, < V,
by hiring type L, firm A makes a loss equal to (V — V1) - 0 > 0 for any V > 0.
However, firm A would make zero profit by deviating to wage offer ws! = 0, which
strictly dominates wi = V@, for any V > 0, and gives the same payoff for V' = 0.
Hence, firm A has a weakly dominant strategy to extend a wage offer wi = 0.
From Proposition 1, firm B extends w? = V0, thus, there is turnover as long as
V > 0. Now suppose there is turnover when the inventor is is type H. Then, it
must be that wiy < f(V,0y) = VO < VyOy the last inequality follows from

V € [V, Vy]. However, A has a weakly dominant strategy to extend a wage offer
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wi = VO, which gives a positive profit as long as V' < Vj, and yields zero profit

when V = Vj. Hence, there cannot be turnover when the inventor is type H. [

Proposition 3. Patent filing decision. Under the full information benchmark,
firms always choose to file a patent in equilibrium. Hence, s5 = s3 = sP = 0.
Proof. The proof is intuitive. Filing a patent possibly yields a monopoly profit to
a firm, whereas not filing gives a duopoly profit at its best. Formal proof follows
from equation (3) and (4). Suppose firm A with inventor type H finds it opti-

mal to not file a patent (s% = 1). Then, equation (3) is satisfied if and only if
sSBVuma+(1—sP)Vy(1—a)my > 332+1 Vi (am,+(1—a)my) + 1_253 Vi (1—a)my) which

holds true if and only if Viymg(s? + #(1 —a) > VH7rd(SBQJrl (1—a)+ 532—+1VHa7rm

which is a contradiction since SBQ—HVHomm > 0 for any s”. The other case for firm
A is symmetric. Finally, for firm B, let s%(V) = 1 for some V € [V, Vy]. Using

sgp = s¢ = 0 in equilibrium, then it must be V(1 — a)my > 3V (am, + (1 — a)mq) +
1V (1 — a)mq, which holds true if and only if (1 — a)my > am, + (1 — )74, which is

a contradiction for any a € (0,1). Hence, s? = s4 = 54 = 0 in equilibrium. ]

The benchmark provides the following results. Firstly, when types are fully ob-
served, firms’ optimal choice is to file a patent since it has no impact on the sec-
ond period wages. In other words, whenever § = 1 and there is perfect informa-
tion, then firms face no trade-off regarding patent filing decisions. Hence, in the
benchmark, firms always choose to file a patent. Secondly, there is no turnover
when firm A starts with a high type inventor, and there is always turnover when

A starts with a low type inventor!

The results from the benchmark are rather simple. However, we will point out to

these results and make comparisons after introducing the model with asymmetric

IThis is because V € [Vi, V). While this assumption determines when there is turnover,
if we instead assumed another set [0, V] such that V, Vy, Vg € [0, V}, we could show that there
is turnover whenever V' > Vg and V' > V7, and these would occur with a certain probability
depending on the distribution of V. However, this would not change our main results whenever
V € [V1, Vg and we would observe different results when it does not hold. Therefore, for sim-
plicity and to focus on the patent filing decision of firms, we will maintain our assumption that
Ve [VL, VH].
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information.

3.2.2  Asymmetric Information

This section introduces and analyzes the main model of the paper. We first de-
scribe the environment and then solve for an equilibrium. Our solution follows a
certain path. First, we introduce the solution concept. Then, we analyze firms’
profits in each possible case, establish how the posterior belief is updated, pin
down the wage offers and determine when there is turnover. Using our deductions,
we give a formal definition of the equilibrium and solve for patent filing decisions.

Finally, we analyze the equilibrium strategies and the conditions to sustain them.

Different from the benchmark, now firms A and B observe each other’s innova-
tion value only when the rival firm files a patent. We remind ourselves that a
firm cannot guarantee a patent by filing it since only one firm can be granted it
under simultaneous innovation. However, even when the firm who files a patent
is not granted a patent, the innovation value is revealed to the other firm due

to filing. In addition, the inventor’s type is initially unobserved by both firms
and there is a common prior probability p that the inventor is of type H; hence;
Pr{0;, =0y} = p. Under asymmetric information, we assume p € (0,1). Firm
A privately observes the value V; after the production and this reveals the type of
the inventor to A; similarly firm B privately observes the value V. This is before
firms make their patenting decisions. Therefore, firm j’s innovation value is its

private information unless it files a patent for j € {H, L}.
Asymmetric information adds the following trade-offs to the model.

1- From firm A’s perspective, filing a patent possibly yields a monopoly profit.
However, it may lead to turnover or possibly a higher retention wage since the in-
ventor’s type is revealed to firm B. Given that firm A’s payoff depends on both
being granted a patent and employing the inventor in the second period, A’s opti-

mal decision reflects this trade-off.

2- From firm B’s perspective, whenever firm B files a patent, it reveals its produc-
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tion value, hence, this reveals the wage offer made by firm B. As otherwise, if B
does not file a patent, B’s true wage offer is its private information and A decides
what wage to offer given the expected wage offer of B*. When B files a patent,
this makes it easier for firm A since A can then correctly anticipate the outside
option of the inventor and may as well prevent any turnover by matching this of-
fer. However, similar to firm A, firm B also needs a patent to (possibly) enjoy a
monopoly profit. Hence, firm B’s decision reflect this trade-off between revealing

its wage offer and risking monopoly profit.

Additionally, firm A’s decision to file a patent will be used as signals by firm B
to form rational beliefs about the type of the inventor employed by firm A . To
clarify, when firm A files a patent, it directly reveals the type of the inventor;
however, when A does not file a patent, the inventor’s type is known to firm A
only. Hence, B will assess when firm A is likely to file a patent and when it is not.
Since mixed strategies are not allowed here and types are binary, A’s equilibrium
patent filing strategy will either perfectly reveal types under a separating equi-
librium, or will leave B’s posterior same as its prior belief under a pooling equi-
librium. However, off-the-equilibrium path beliefs will play a critical role and de-
termine how the asymmetric information equilibrium differs from the benchmark
equilibria . We will establish that there is a set of equilibria with optimal strate-

gies different from those in the full information benchmark.

We will use Perfect Bayesian Equilibrium as a solution concept and solve for an
equilibrium using backward induction. Beliefs will be updated according to Bayes’
Rule whenever possible (whenever a decision node is reached with a positive prob-
ability). However, as mentioned before, beliefs in equilibrium will be correct and

firm B will either perfectly anticipate types, or B’s posterior will remain the same

In an alternative mechanism, A can first observe B’s wage offer and then decide whether to
match it or not. However, in this section, we will assume that A observes the true value of the
wage offer extended by B only when B files a patent. This is rather more complicated since now
A’s optimal strategy depends on the expected wage offer extended by B.

3Rationality is only to the extent B’s posterior belief can be updated with respect to Bayes’
Rule. Therefore, off-the-equilibrium path beliefs will play a crucial role while determining the set
of equilibria that can be sustained.
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as its prior.

For each proposition, we will indicate the necessary restrictions on the off-the-
equilibrium path beliefs. Since we use backward induction to solve for an equi-
librium, we start by examining the turnover in all possible cases before giving the

formal definition of an equilibrium.

From Proposition 1, firm B’s wage offer will be characterized by the function f.
Hence w? = f(0,V;s4,s8) = E[0; | s4,5P] - V. One important distinction
here is that although firm A decides whether to file a patent or not both when
the inventor is of type H and L, firm B observes only one decision made by A.
Hence, s indicates what firm B observes. When we apply backward induction,
we start from the last decision node, which is when firms decide what wage to of-
fer given the patent filing decision of the other firm (and whether one of the firms
is granted a patent as a result). At this stage, firms already know their own in-
novation values, V; for firm A and V for firm B. In addition, each firm observes
whether the other firm filed a patent, and if a patent is granted to one of the firms.
Therefore, there are 6 cases; A or B or neither is granted a patent, and there is
turnover or no turnover for each of these. For convenience, we summarize the

firms’ payoffs for each case below.

Case 1: A is granted a patent and there is no turnover
Payoff of A: Vi(am,, + (1 — a)my) + Vil — wi

Payoff of B: V(1 — a)7y

Case 2: A is granted a patent and there is turnover
Payoff of A: V;(am, + (1 — a)my)

Payoff of B: V(1 — a)mg + V; — w?

Case 3: B is granted a patent and there is no turnover
Payoff of A: Vi(1 — a)mg + Vif; — w?

Payoff of B: V(am,, + (1 — a)my)
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Case 4: B is granted a patent and there is turnover

Payoff of A: V;(1 — a)my

Payoff of B: V(am,, + (1 —a)my) + V; — w?

Case 5: Neither firm is granted a patent and there is no turnover
Payoff of A: Vimy + V,0; — sz

Payoff of B: Vg

Case 6: Neither firm is granted a patent and there is turnover
Payoff of A: Vmy

Payoff of B: Vg + V6, — w?

Notice that above payoffs are not given in the simplest way; we would like to show
the distinction between firms’ payoff from the product market and innovation
market. Hence, we do not use a common parenthesis with V or V;. In addition,
B’s wage offer is type specific whenever A is granted a patent, this is because a

patent reveals the inventor’s type*.

For convenience, let = p -0y + (1 — p) - 0 and let # = am, + (1 — a)my. From
Proposition 1, B’s wage offer is characterized by the function f and A’s wage offer
is always type specific’. Since we assume V € [V, Vy], there will be turnover

whenever the inventor is of type L. Hence, A (as in the benchmark) has a weakly
dominant strategy to extend a wage offer wi = 0. Therefore, for any V' > 0, there

will be turnover if the inventor is of type L.

Firm B will form a belief € [0, 1] denoting the probability firm B attaches
to that the inventor is of type H whenever A does not file a patent. Formally,
= Pr {Gi =0y | st = 1}. We will make some deductions regarding  for pos-

sible strategies of firm A.

4B’s wage offer will also be type specific under a separating equilibrium even if A does not
file a patent. This is because B will perfectly distinguish types in any separating equilibrium.

® A’s wage offer will be E[f(.)] if A wants to retain the inventor by matching B’s offer, other-
wise it can be anything in the set [0,E[f(.)]). In the latter case, extending a wage offer equal to
zero is a dominant strategy for A.
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Suppose that in equilibrium firm A always files a patent when the inventor is of
type H, and never files a patent when the inventor is of type L. Then, B’s belief
will represent this separation in A’s strategies with different types of the inventor.
In this case, B believes the inventor is of type L whenever firm A does not file a

patent, i.e. pu = 0.

Suppose that in equilibrium firm A always chooses to file a patent regardless of
the inventor’s type. Then, Bayes’ Rule does not imply anything about B’s poste-
rior belief since we cannot reach a case in which A does not file a patent. In this
case, B’s belief will be free, i.e., u € [0, 1] will represent off-the-equilibrium path
beliefs.

Suppose that in equilibrium firm A always files a patent when the inventor is of
type L, and A never files a patent when the inventor is of type H. Then, B’s be-
lief will represent this separation in A’s strategies. Firm B will believe the inven-

tor is of type H whenever A does not file a patent, i.e., u = 1.

Finally, suppose that in equilibrium firm A never files a patent both when the
inventor is of type H and of type L. Then, B’s posterior is the same as its prior
since there is no separation in A’s strategies, and no additional information is re-

vealed because A never files a patent. Hence, i = p.

To summarize, under a separating equilibrium, B’s posterior is either equal to 1
or 0. Under a pooling equilibrium, if A files a patent regardless of the inventor’s
type, then B’s posterior belief is free. If A never files a patent, then B’s posterior

is the same as the prior belief.

Using our simplifications regarding firm B’s posterior belief, we now derive if and
when there is turnover. We start from Proposition 1. Since firm B’s wage offer is
wB = f(0,V;s4, s8) = BlY; | s4,sP] -V, using our rationale for i, we derive the

following wages for each case.

If A files a patent both when the inventor is of type L and of type H (meaning
s = 0 = s7; pooling equilibrium), B will perfectly observe the types, hence will

extend two different wage offers depending on the inventor’s type; wh = V0 and
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wB = V0, respectively. These are exactly the same wages as in the full informa-

tion benchmark.

However, whenever A’s equilibrium strategy is the pooling with s = 1 = s4 so

that A never files a patent, then B’s wage offer will reflect the information asym-
metry; B’s best guess will be the prior. Hence, w? = E[f; | s* = 1,s5] -V =
(p- 0y + (1 —p)-0,)V = V. From A’s perspective, wi = 0 still remains as the
weakly dominant wage offer for type L as in the benchmark. However, A’s wage
offer for type H will reflect its best guess for the outside option of type H inventor
and it will be equal to E[f(.)].

Whenever both A and B file a patent, wfl = V6 since V is known to A and 6y is

revealed to B.

When A is the only firm that files a patent, A’s wage offer for type H will be
wi = Oy - E[V | s* = 0,57 = 1] since filing a patent by firm A will reveal the

inventor’s type but V is not revealed to A.

On the other hand, whenever firm B is the only firm that files a patent, A’s wage
offer for type H will be wi = V - E[f; | s* = 1,88 = 0], this will depend on
E[0; | s* = 1,58 = 0]; which is either p in a separating equilibrium (s% = 1 and

s# = 0) or will be equal to f in a pooling equilibrium (s4 = 1 and s7 = 1).

Finally, when neither firm files a patent, wi = E[f; | s* = 1,58 = 1] - E[V | s4 =
1,s% = 1], which will either be equal to 0y - E[V | s4 = 1,5 = 1] in a separating
equilibrium (s4 = 1 and s# = 0), or it will be equal to § - E[V | s = 1,s% = 1] in

a pooling equilibrium (s% = 1 and s = 1).
Therefore, turnover is summarized below:

1.If the inventor is of type L, there is always turnover and the inventor moves to

B.

2.If the inventor is of type H, there is turnover if E[V | s4, s8] < V.

Assumption 1. Uniform distribution of V. Let V be drawn from the interval
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VL, V| with respect to the function g. Let g be the pdf representing the uniform

distribution:

S va € [VL,VH],

0 otherwise

Observation 1. Whenever types are revealed to or observed by firm B, hiring the
inventor will bring a net profit of zero to firm B from Proposition 1. However, if
types are not perfectly observed by or revealed to B, then B will make a net loss
of (6 —0) -V by hiring type L; and will make a net profit of (0 — ) -V by hiring
type H. On the other hand, whenever types are revealed to or observed by firm B
and B files a patent, firm A will make a net profit of (Vi —V )0y by retaining type
H, and in case types are revealed to or observed by firm B but B does not file a
patent; firm A will make a net profit of (Vg — E[V | s, s7]) - Oy by retaining type
H, and finally, if types are not observed by or revealed to B, then A will make a
net profit of (Vi —E[V | s4,55])- (0 — 0) in case B does not file a patent and will
make a net profit of (Viz — V) - (@ — 0) in case B files a patent by retaining the

inventor.

Now we are ready to give a formal definition of the equilibrium. We use the re-
sults from Observation 1 to simplify the maximization problems; such as; we pinned
down the wage offers by using our rationale for  and the turnover in each case.

We derived that firm B makes a net profit of zero by hiring the inventor whenever
types are revealed to (or observed by) B. Therefore, instead of writing the formal
maximization problems for wage offers, we simply write the expressions found us-

ing backward induction.

Definition 2. An equilibrium for the asymmetric information game with g =1 is
the tuple (wg, ws, wB, s, 52, s8(V), pn) where:

i (wi, wi, wP) € R is the set of wages extended to inventor i € {H, L} by firm

A and B respectively,
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ii. (s4,54) € {0,1}? denote the patenting decision of firm A with the inventor of

type H and L respectively, where s = 0 means that firm A files a patent, and

A

s = 1 means that firm A does not file a patent (relies on secrecy) when it em-

ploys type i € {H, L},

iii. s2(V) : [Vg, Vy] = {0,1} is a mapping denoting the patenting decision of firm
B (when mixed strategies are not allowed), where sZ(V) = 0 when firm B with

the production value V files a patent and sZ(V) = 1 otherwise,

iv. ;1 € [0,1] denotes the belief of firm B that the inventor is of type H whenever
a patent is not filed by firm A,

such that the following conditions are satisfied:

wh — B[V | 53, 5% - F[6 | 52, ] (3.5)
wi e [0, BV | 575" - B[ | s sB]>> (3.6)
= f(0, V; sA,sB) =V. E[6 | sA,sB] (3.7)

4 € arg max [IL(I =1) (sB(V)-[VHWd+Pr {V<E[V|sf=1,5"=1}(Valbug—wy)]
ze{0,1}

+ (1 — SB(V)) . VH(l — O[)?Td + VHHH — w}‘}) + ]l(l’ = 0)

/ 1—sB(V)

9 'VH'(l—Oé)Wd

(L;“ Vg - (@t + (1 — a)1a) +

+sP(V)Pr{V <E[V | sy =0,s" = 1]}-(VHHH—w}f‘I)+(1—sB(V))-(VHQH—VHH)>
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s4 € arg max []l(m =1) <sB(V) Vg + (1 —sBV)) V- (1 - 04)7rd>

z€{0,1}

sB(V) € arg max{p- []l(a: =1) (sg\/wd + (1 —sH)V(L—a)my

z€{0,1}
+81‘3~1(V>E[V|5§—1,SB—1])'(V@H—V~]E[9|sﬁ—1,53—1])>

sA B — g4 _
—i—IL(x:O)( H2+1V(oz7rm—|—(1—oz)7rd)+ ! 5 HV(l—Oé)ﬂ'd)]

+(1=p)-

I(x=1) <st7rd +(1—=sHV(1— Oé)7Td> + 1(z =0)

A1 1— s _
(SL;L V(amm, + (1 — a)mg) + QSL V(1l— a)ﬂd) — 54 (VO, — w?)

(3.10)

A
P Sy . A A
= t [p- 1-p)- 11
s el 10

Let us first describe the above equations in words.

a. Equations 3.5, 3.6 and 3.7 represent the pinned down wage offers we derived

from backward induction.

b. Equation 3.8 gives the formal expression firm A solves for the optimal patent

filing decision when the inventor is of type H.

i. The indicator function for x = 1 represents the case when A chooses to rely on

secrecy. In such a case, A’s payoff depends on the patent filing decision of B.

- If B does not file a patent so that s® = 1, then they share the market and A

receives a duopoly profit, which is captured at the rate V. Further, since B does
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not file a patent, A retains the high type inventor with the probability that V is
less than or equal to E[V | sf = 1,s% = 1], since otherwise A’s wage offer is
strictly less than B’s offer. Therefore, with this probability A retains the inventor

of type H and receives a payoff equal to Vyfy and pays w4 to the inventor.

- If B files a patent so that s® = 0, then B is granted a patent and a monopoly
at the rate ov. Thus, A receives a duopoly profit at the rate (1 — «) and this is
captured at the rate V. However, since B files a patent, then there is no turnover
anymore; A retains the inventor of type H and receives a payoff equal to Vy0y

and pays w4 to the inventor.

ii. The indicator function for z = 0 represents the case when A files a patent.

Similar to above arguments, A’s payoff depends on the patent filing decision of B.

- If B does not file a patent so that s® = 1, then A is granted a monopoly at the
rate o and captures the market at the rate V. However, since V is not revealed
to A, type H inventor is retained by firm A with the probability V is less than or
equal to E[V | s = 0,s% = 1]. With this probability, A retains type H, earns

Vy0y and pays wﬁ.

- If B files a patent so that s® = 0, then each firm is granted a patent with proba-
bility
0.5

. Hence, with

0.5

probability A is granted a monopoly at the rate o and with the remaining
0.5

probability firm B is granted a monopoly at the rate «. In the former, A receives
a convex combination of monopoly and duopoly profits, whereas in the latter A
receives a duopoly at the rate (1 — «). Both profits are captured at the rate V.

However, since B files a patent, then there is no turnover. Hence, A retains type
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H, earns V0 and pays wi.

c. Equations 3.9 and 3.10 essentially follow the same intuition as explained for

Equation 3.8. Two points differ here.

i. As discussed before, there is turnover whenever the inventor is of type L. Hence,
A’s maximization problem in 3.9 does not involve the profits from the innovation

market by retaining type L.

ii. B’s problem in 3.10 represents its ex-ante expectation. Firm B will maximize
an expectation of both cases, when the inventor is of type H and L, since B does
not know anything related to this while deciding whether to file a patent or rely
on secrecy. However, wage offers and turnover are pinned down from backward
induction; there is always turnover when the inventor is of type L, and there is
turnover if the inventor is of type H and V' is greater than E[V | s4 = 1,s% =
1]. Hence, B’s patent filing decision will take this into account using its private

information about V.

Finally, we will simplify Equation 3.11 into the following three equations for sim-

plicity:
p=p if shp=s=1 (3.12)
p=1 if s =1 and s7=0 (3.13)
p=0 if s4=0 and s7 =1 (3.14)

Proposition 4. (Benchmark Pooling) Restricting off-the-equilibrium path beliefs
tou = 1; sp = s34 = sP = 0 along with the wage offers wiy = w8 = VO when
the inventor is of type H, and wi € [0,V01) and w? = VO, when the inventor is

of type L constitute a continuum of equilibria. Firm B’s wage offer is type specific
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since types are fully observed in equilibrium.

Proof. In such an equilibrium, types are fully revealed and we restrict off-the-
equilibrium path belief to u = 1. Hence, whenever firm A does not file a patent,
firm B will believe for sure that the inventor is of type H. Secondly, we observe
that there is no turnover when the inventor is of type H, and there is turnover
when the inventor is of type L. Suppose for contradiction that firm A has a uni-
lateral profitable deviation to sf = 1, then from equation (3.8), it must be that
Vi (1—a)mg+ Vil —wi > %VHfH— %VH(l —a)mg+ Vil — VO which simplifies to
Vg —wiy > Vi (U527 However, from 3.5, wiy = E[V | sty s5]-E[f | sf1, 7] =
VO since p = 1, which implies that wi} = Vp. Hence the deviation condition
simplifies to 0 > VH(M) which is a contradiction since 7 — (1 — a)my > 0
for any a € (0,1) and 7, > 7y > 0. Therefore, A cannot deviate to s4 = 1.
Moreover, this is incentive compatible for A since not filing sends the same signal
as if revealing type H with a patent (by assumption x = 1). Now let us suppose
for contradiction that A has a unilateral deviation to s7# = 1. Then, it must be
V(1 —a)mq > 5Vi(7 + (1 — a)mq) which simplifies to V7(1 — a)mq > V.7 which is
a contradiction since T = am, + (1 — a)mg > (1 — a)m, for any a € (0,1). Thus,
s7 = 0 is also a best response to s%(V) = 0. Finally, suppose that firm B has an
incentive to deviate to sZ(V) = 1 for some V € Vi, Vi]. Then from 3.10, it must
be V(1 — a)mg > 3Vi(7 + (1 — a)mq) which simplifies to V(1 — a)my > V7 which
is a contradiction since ™ = am, + (1 — a)my > (1 — a)my for any « € (0,1). Thus,
sB(V) = 0 is also a best response for any V' € [V, Vy] since we initially pick an

arbitrary one. |

Observation 2. Filing a patent is a weakly dominant strategy for firm A when-
ever the inventor is of type L, and benchmark equilibrium can be sustained as
long as we restrict off the equilibrium path belief to p = 1 (pooling equilibrium
with s4 = s = 0). However, we believe this is a strong assumption. Since a more
natural guess for off-the-equilibrium path belief would be the prior (or a more cau-

tious guess would be assuming the inventor is of type L whenever A does not file
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a patent). We will argue the required conditions for the benchmark equilibrium

when off-the-equilibrium path belief is not ;4 = 1 in the following propositions.

Proposition 5. If we restrict off-the-equilibrium path belief to up = p (pm’or) or

p = 0 (cautious belief); then the benchmark equilibrium is sustained only if < v S

TF((JE for p=p; and 3~ < W for uw=0. The general condition is VL <

A—(1-a)my
2(9H—(M9H+(1—#)9L) ’

the demominator, the general condition simplifies to &7—}[ < m.

Usmg T = am, + (1 — a)my and manipulating the expression in

Proof. From Proposition 4, we deduce that firm A that employs the inventor of

type H has an incentive to deviate from sf = 0to sp = 1if VOy — wip >

VH(M). Since the candidate equilibrium is the one in which s?(V) = 0,

then wiy = V - E[f | s3,sP]. Assuming off-the-equilibrium path belief that the
inventor is of type H is u € [0, 1], then the signal A sends is incentive compati-
ble if and only if V(0 — (ufg + (1 — p)f1)) < VH(%)“) which simplifies to

v b _al RSN v i—(1-a)mq
- < W In case we assume g = p, then the condition is Vs <T W
Pl

. a o . l T—(1—a)my
= 0, and the condition is ¢— < S0n=0.)

E[Ql | Sg,SB] = QL. ]

since E[f; | s4,s when p = 0 since

Observation 3. We derived the general required condition for the benchmark

QTTm,

S (0 0

i makes the benchmark equilibrium more likely; whereas an increase in V or 0y

pooling as vl We observe that an increase in «, m,,, Vg, 6, and
makes it less likely. Therefore, we relate strong property rights (higher «), higher
monopoly profits (m,,), and lower (ability) difference between types (0y — 6;) with
a more likely benchmark equilibrium. However, the benchmark equilibrium fails
under strong rivalry V and/or higher (ability) difference between types. There-
fore, we relate these with a distortion in patent filing decision of firm A caused

by information asymmetry. To clarify, firm A’s trade-off between guaranteeing no
turnover at lower wages and possibly enjoying monopoly profits characterize the
equilibrium conditions which lead to a distortion in optimal patent filing decision

by firm A.
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Proposition 6. No separating equilibrium. There is no equilibrium in which s =
1 and sf = 0 or one in which sf = 0 and s3 = 1, regardless of sB(V'). The
latter is because filing a patent is dominant for A when it employs the inventor of
type L, and the former is simply because types are fully revealed in any separating
equilibrium. Hence, A has no incentive to risk the monopoly profit by not filing a

patent when it employs the inventor of type H.

Proof. Suppose for contradiction that there exists an equilibrium in which s = 1
and s = 0. Then, Bayes’ Rule implies that ;4 = 1. Hence, B’s wage offer is type
specific; whenever A does not file a patent wh = V - 0y since types are perfectly
revealed to B. Following this, hiring the inventor brings a net profit of zero to B.
Then B’s patent filing strategy for some V' € [V, V] is derived from comparing
the expected payoffs; filing a patent brings a payoff of p - V7 + %V((l —p)T +

(1 — a)my) whereas not filing a patent brings p - [Vay + 1(V > E[V | sf =
1,s2 = 1)(VOy — VE[ | sp = 1,s% = 1] + (1 —p) - V(1 — a)my). Since
E[0 | s& = 1,s% = 1] = 0y under separating equilibrium. Then B compares
p-Va+(1— p)% + m to the expression p - Vg + (1 — p)V (1 — a)mg. If
p-Vi+(1—pZ+ m >p-Vrg+ (1 —p)V(1 — a)my, and, thus, B’s optimal
strategy is to file a patent. Notice that p- V7 + (1 — p)% + m >p-Va+
(1—p) V(l_zo‘)”d - V(l_;‘)” >p-Vrg+ (1 —p)V(1 —a)rg; where the strict inequality

follows from the fact that # > (1 — a)m,;. Hence, B would then choose to file a
patent regardless of the value of V. We had already established that s7 = 0 is a
weakly dominant strategy. Hence, our contradiction will come from showing that
firm A has an incentive to deviate from s = 1 to s% = 0. Given s”(V) = 0 and
p = 1 (from Bayes’ Rule since we are in a separating equilibrium environment),
then we deduce that there is no turnover when the inventor is of type H. Suppose
for contradiction that A cannot deviate to a higher profit by changing its patent
filing strategy from sf; = 1 to sf; = 0. Then it must be 1V (7 + (1 — a)mq) +
(Vg = V)0 < Vy(l — a)mg+ VyOy — VE[ | si = 1,s% = 0]. Realize that given
sB(V)y=0and u =1, E[f | sf = 1,8 = 0] = 0 which implies the condition is

satisfied if and only if Vi (T + (1 — a)ma) < Vi(1 — a)mq which is a contradiction



Chapter 3: Model 30

since 7 + (1 — a)my > 2 (1 — a)my. Thus, A has an incentive to deviate to s = 0
whenever s?(V) = 0 in a separating equilibrium environment. Hence there is no

separating equilibrium. O

Assumption 2. Let Vi, = 0. We make this assumption to simplify the algebra and
focus on firm A’s optimal patent filing strateqy when the inventor is of type H.

Proposition 7. Asymmetric information pooling. Under assumption 1 and 2; if

T —Tq > 9H2—9 and 2(2‘;”29) < %, then sf = 1 = s and s®(V) = 0 along with the

wage offers wiy = VO = w? and wi € [0,V0) constitute a continuum of equilibria.

Proof. Under assumption 2, s& € {0,1} and wi € [0, V) as established previ-
ously. Given that s# = s = 1, Bayes’ Rule implies that posterior expectation
must be equal to prior expectation, thus, u = p. Following this, E[f; | s* =1, s% =
0] = 6. Hence, B extends a wage offer w® = V. Let us focus on when B files

a patent. Whenever B files a patent, there is no turnover, and in case B does not
file a patent, there is turnover with probability (1-Pr{V < E[V | s* =1,s% =1]}).
In such a case, since V is uniformly distributed on the interval [0, V], A will take
the expectation of the set of V after which B files a patent. Hence,

(1 —Pr{V <E[V|s*=1,s%=1]}) = 1. Using this, B’s expected payoff from
filing a patent is p - V7 + (1 —p) - (V7 + VO, — VE[f; | s* = 1,s” = 0]). Since
p = p, we derive E[f; | s* = 1,5%] = . If B does not file a patent, its expected
payoff is p- Vg + 1V (0y — 0) + (1 — p)Vrg + (1 — p)V (0, — 6). Then, s?(V) =0
is a best response if and only if p - Vi + (1 —p) - V7 + (1 — p)V (0, — 0) >
p-Vrg+ V(g —0) + (1 — p)Vry+ (1 — p)V (6, — 6) which holds true if and

O0n—0
2

only if 7 > 7y + %(HH — @) which simplifies to 7@ — w4 > , which is exactly the

condition established in the Proposition 7. Then, we established that sZ(V) = 0

assuming m — mg > OHT’é. Let us now check if A has a profitable deviation from
s4 = 1tosi = 0. In such a case, A’s expected payoff from filing a patent is

%VH(ﬁ' + (1 — a)mg) + Vg — VOy, and its expected payoff from not filing is
V(1 — a)mg + Vg — V. Then, A finds it optimal to not file a patent whenever
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Va(m+ (1 —a)mg) + Vely — VOy < V(1 — a)mg + Vy0y — VO which simplifies
T—(1—a)m, 14 . QT 14
to —z(aer‘)d < v which is 0n D) < 7 O

Observation 4. The conditions for the asymmetric information pooling equilib-

ria are 2(3‘;%) < v and T — g > GHQ 9 Realize that the second expression can

be rewritten as a(m,, — m4) > %. Hence, this condition will reflect the trade-
off faced by firm B while deciding between filing a patent to (possibly) enjoy a
monopoly profit (in which case firm B cannot hire type H) and being unknown
by not filing a patent to hire type H (in which case it risks overpaying type L
and losing monopoly profit but turnover is possible). Hence, the condition reflects
this trade-off faced by firm B; an increase in property rights or the difference be-
tween monopoly and duopoly profits will give firm B incentives to file a patent
whereas a smaller prior probability or a higher ability difference between types

will discourage firm B to file a patent. On the other hand, the second condition

2(3;{”2 7 < X—H reflects the trade-off faced by firm A, in which A decides between
filing a patent for monopoly profit by risking turnover and not filing a patent

to guarantee no turnover at lower wages by sacrificing possible monopoly profit.
Notice that an increase in V' makes firm A less likely to file a patent since with
higher V| revealing type H inventor will cost more to firm A, and a lower pro-
duction by type H meaning a lower value for Vg will make A more likely to file a
patent. Finally, a greater ability difference between inventor types will also push
A to rely on secrecy. On the other hand, increased monopoly profit or stronger
property rights will give A incentives to file a patent. Combining the two expres-
sions, we derive the following condition to sustain the equilibrium proposed in
proposition 7; QHT_(; +amg < ampyp < 2 %(91{ — ). If we further assume that
mg = 0 we derive another necessary condition which is VLH > l. Finally, if we let
Tm = 1 and my = 0, the condition simplifies to 9H f<a<?2- (6’H — @) which

1%
can further be simplified to § < s s

Observation 5. Under the condition that eH —0 +amg < am, < 2- (HH - 9_), we

established there is a pooling equilibrium in which firm A does not file a patent
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both when the inventor is of type H and L, and B always files a patent. Hence,
this condition represents the impact of information asymmetry between firms on
optimal patent filing decision. This supports that firm A has an incentive to dis-
tort optimal patenting decisions; the distortion is stronger under weak property

rights and ”relatively higher competition”, by the former we mean a lower value of

a and by the latter we mean the condition based on %

While there are other (possible) equilibria depending on the restriction on off-the-
equilibrium path beliefs and whether mixed strategies are allowed, we conclude
the analysis of our main model here. In the following subsection, we shortly dis-
cuss the case when firms believe that they possibly but not definitely produce the

same innovation. In other words, when 5 € (0,1).

We will touch on the results, shortcomings and possible extensions of the model in

Section 4.

3.2.8  Simultaneous Innovation with Exogeneous Belief f € (0,1)

In this section we will shortly discuss the case when g € (0,1). First, let us make
some simplifications in the equations and show our aim in a simpler way. We re-
mind ourselves that 7 = am,, + (1 — a)m; as before. Under the full information
and from Proposition 1, wage offers are as follows: wi = w8 = 3 -Vl as dis-
cussed while introducing the model. Here, the outside option of type H is deter-
mined at the rate § since now knowledge transfer is costlier for firm B under the
assumption that firms do not definitely produce the same innovation. However, as-
suming full information; whenever firm A files a patent, firm B observes whether
they produce the same innovation and extends the wage offer after this decision.
We represent our thoughts in two different ways here. In case 3 is just similarity
between the innovations produced at two firms, then, we argue that the wage of-
fer is still characterized by the function f as before, hence; wi = wh = 8- Voy,
wit € 10,8 - VL), and w? = - V0. In case we treat 3 as the probability that
firms A and B produce the same innovation, and we assume that knowledge trans-

fer is possible only when A and B have exactly the same innovation; then we must
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treat this as there is no outside option for the inventor regardless of his type in
our model. However, we treat 3 as the former and argue that 3 represents the
similarity between the projects held at the two firms, and £ is common knowl-
edge among them. Therefore, wage offers are are characterized as we discussed
before. Moreover, there is turnover only when the inventor is of type L, since we
assume V€ [V, Vy] which implies that type H’s outside option can never ex-
ceed his marginal value to A. Therefore, filing a patent is not a decision related
to turnover under full information. For that reason, we disregard the wage offers
and turnover in the maximization problem regarding the optimal patent filing
decision. Secondly; as opposed to the case when f = 1, now even under full in-
formation benchmark, firms face a trade-off while choosing between patents and
secrecy for the following reason. Under our initial assumption that property rights
yield monopoly profit at the rate a € (0, 1), firms face a possible loss of profit
when they file a patent; however, they can enjoy a monopoly profit by relying on
secrecy as long as the innovation produced at A and B are not the same. To clar-
ify, if A and B produce the same innovation and they both rely on secrecy, they
only get duopoly profit 74 < 7, since they share the market. However, if they do
not produce the same innovation, they can either rely on secrecy and fully enjoy
monopoly profit 7, or they can file a patent and earn am, + (1 — @)1y =T < Tp,.
To summarize, firms optimal strategy is to file a patent only when they produce
the same innovation; they would like to rely on secrecy when there is no simulta-
neous innovation. This is the trade-off faced by two firms. Finally, the threshold
condition to file a patent or to rely on secrecy will be the same for A and B re-
gardless of the type of the inventor. This is because the trade-off is only to the
extent they produce the same innovation, hence, they face the same exogenous

risk.

Below we give the maximization problems to choose optimal s4 s# and sZ. Since

s4 = s = L under full information, denote this with s in B’s problem so that

we do not have to write an expected maximization problem for B with respect to
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the prior p € (0, 1).

s = 55 =59 c argmax  f3- [x (sPma+ (1= sP)(1 — a)my)
z€{0,1}

THOR Gl Ak (1—a)7rd)]

+(1-8)- [x-wm+(1—x)-ﬁ] (3.15)

A A
sB c argmax - [x-(sAWd+(1—3A)(1—@)7@)—1—(1—95)(s i 17?—1—1 (1—oz)7rd)]

ze{0,1} 2 2

+(1-70)- [x-wmjt(l—x)-w} (3.16)

Proposition 8. Under full information, firms A (both when the inventor is of
type H and L) and B file a patent if the following condition is satisfied. In other

words, sg = si = sP =0 in equilibrium if:

1G] >2-(1—a)(7rm—7rd)

(Patent filing threshold for j € (0,1)) :

1—-5 Qam,,
(3.17)
Which can be rewritten as
B« 2 (T — Tq) T4
> =2-|11—-— 1
(=9 (0-0°  m = .

Otherwise, firms choose to rely on secrecy in equilibrium and s = s3 = sP = 1.

Proof. First, let us assume sf = s7 = s = 0. Since the maximization problem

is the same for all of them, let us consider s4 = 0. Suppose for contradiction that
A has a profitable deviation to s = 1. Then, from equation 3.15, it must be true
that

T+ (1 —a)my

B-( 5 J+(1=0) m<B-(l—a)mg+(1—08)
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QT

Rewriting 7 = am,, + (1 — a)7g, the inequality simplifies to 8- (“5= + (1 - ) -7 <
B+ (1—a)mg+ (1 — B) - T, which further simplifies to £%™ < (1 —B) - (m,, — 7) =
B

e 2-(Tm—7q)

A < mm
which contradicts 3.18. Hence, the patent filing threshold for 5 € (0, 1) is given in

(1-05)-(1—a)- (m, — mg). This gives the final condition

equation 3.17 and is simplified in 3.18. O]

Observation 6. Here we discuss the full information results from the previous

JRe! 2-(Tm—"a)
1-6)-(1-a) Z Tm, .

First, we observe that the first derivative of the left hand side with respect to 3 is

proposition. We found the threshold to file a patent as (

«

=37 (1—a) >0 VYae(0,1)

and the first derivative with respect to « is

B
(1—-a)?-(1-5)

>0 VBe(0,1)

Therefore, for given values of m,, and 74; firms are more likely to file a patent
whenever there is an increase in a or  or both. Secondly, observe that for any
profit ratio ;—i; strong property rights (T «) and more similar (more likely simul-
taneous) innovation (1 f3) are associated with more likely patent filing and less
likely relying on secrecy. Finally, an increase in 7, or a decrease in 74 or both at
the same time leads to less patents for given values of a and . The intuition here
follows that a greater monopoly profit leaves less room for a firm to take the risk
of imitation (since a patent grants a monopoly at the rate « only), thus, the firm
is less likely to file a patent; whereas a smaller duopoly profit discourages the firm
to file a patent by the same arguments. Since what matters for the condition is
the relative profit ratio 7+, an increase (decrease) in m,, (mq) is cancelled with the
T

exact same decrease (increase) in mq (). Finally, let us assume 72 = 1. Then;

d
Tm

the condition to file a patent simplifies to

pz(1-a)
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which reflects the trade-off between filing a patent under simultaneous innovation
and losing some profit under patents due to weaker property rights compared to
relying on secrecy. Ultimately, it becomes a decision of whether the rival firm is
likely to take the lead in an innovation or not, and whether it is worth revealing

important information with patents.
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Chapter 4

DISCUSSION & IMPLICATIONS

In this section, we briefly discuss the paper, propose alternative mechanisms to
explain our initial hypothesis, and finally address the limitations. First, through-
out the paper, we focus on the decisions made by firms and the inventor plays a
role only when firms extend a wage offer. We simply assume the inventor accepts
the highest wage offer and remains at the incumbent in case of a tie. The latter
argument follows the idea that turnover must be costly for an inventor, especially
when the outside offer is exactly the same as his or her current wage. However, an
inventor’s decision to a job offer may include other important aspects of a job; lo-
cation, prestige, job security, firm culture and more. Therefore, although we disre-
gard these in this paper, we believe they are important factors. More specifically,
inventors are of high importance to R&D firms, (or firms’ R&D department), but
we also expect them to demand higher job security compared to other type of cor-

porate workers, since innovations take longer than usual production.

We assume exogenous production made by firm B, whereas A’s production was
simply restricted to exogenous values produced by types. This is indeed another
restriction we are aware of that is not very realistic. In a more complicated setup,
an inventor can exert effort to produce a value which gives the inventor another
strategic decision. While this feature is reasonable and would bring a higher credit
to our model, it is not at the reach of this paper. In such a setup though, we would
expect the inventor to strategically evaluate the patent filing decision of the in-
cumbent and change their level of effort accordingly. Simply then information
asymmetry moves into another dimension; incumbent receives a signal about the

ability of the inventor by observing the effort exerted by the inventor and the rival
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firm receives another signal from the incumbent about the ability of the inventor
through observing the patent filing decision of the incumbent firm. This sounds as
exciting as it is challenging, however, we still expect to see a distortion in patent

filing decision by the incumbent depending primarily on the exogenous values.

Finally, another limitation from the inventor’s perspective, a continuum of types
would bring a higher level of discussion to the model, and the equilibria would

not be limited as in our binary types model. However, this paper aims to simply
show that information asymmetry and signaling role of patents can distort opti-
mal patent filing decision of a firm that is in an industry where simultaneous in-
novations are (highly) possible. We believe in a setup where types are defined on
a continuum, the results would somehow coincide with the ones proposed in this
paper; a threshold ability would determine the types for whom the incumbent firm
files a patent, and the rest of the types for whom the incumbent chooses to rely on

secrecy and does not file a patent.

We also like to shortly discuss some implications. First, our focus is on simultane-
ous innovation, thus, implications should be investigated in industries where this
is likely. One way to explore this could be by going over Court Cases in which in-
tellectual property disputes are resolved. While going over these cases, especially
those in which one party claims to be the legal owner of an innovation while the
other party is granted a patent; one might have a clue about the industries in
which firms are more likely to experience such legal cases. Secondly, after narrow-
ing down the industries and even the firms that are at an intense rivalry, one can
investigate the turnover of top scientists/inventors among those firms. If turnovers
can be explained by being granted patents and listing the inventor as the contrib-

utor, one can then compile a list of the firms and inventors that fit these criteria.

When turnovers are explained at a lower rate by patents, then it might support
our hypothesis; incumbent distorts the optimal patent filing whenever turnover of
a top scientist is highly costly. This distortion in reality may not go as far as re-
lying on trade secrecy rather than filing a patent but also may remain as simply

giving less credit to the scientist as a contributor on a patent. Distortion might
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be by attributing the work to other people and to the help/fund of other orga-
nizations, or simply by listing the whole team as the contributor rather than the
top inventor/scientist. Finally, use and removal of non-compete agreements can
provide help for an empirical setup by addressing some of the critics related to en-

dogenous decision variables.

Lastly, even though we use ability as a top indicator of productivity in our model,
measuring this in real life is not quite likely, whether it is the ability of a top sci-
entist or any non-science person. However, other measures related to productivity
such as number of patents, citations, highest academic degree, salary increase in
the years of experience, move-up in the industry (one way to consider this is a
promotion to a higher title and/or to another firm that is larger in the market”)
and by larger it could be in research budget rather than firms’ market cap. One
final suggestion to measure an inventor’s promotion in an industry is by analyzing
the research budget the inventor manages throughout years, of course controlling
for inflation, economic booms/recessions, industry and research trends. While the
budget a scientist at a corporate R&D manages may be classified information, in-
formation of who gets which funds and grants are mostly (if not completely) ac-

cessible for those working in academia.
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Chapter 5

EXTENSION: A SIMPLE MODEL OF EFFORT

In this section, our aim is to build a simple model to show that ex ante commit-
ment to filing a patent by the incumbent firm may lead to inefficient results. In
this setup, firm A commits to filing a patent whenever the production is higher
than a threshold. A employs an inventor that is type H with a common prior

p € (0,1) and type L with the remaining probability (1 — p). Types have the
ability 0y > 61 > 0; notice that ability is no more restricted to the set (0,1). Firm
A’s production is determined by the effort level chosen by i. Formally, i chooses
an effort level e € [0,1] and A’s production is denoted by V4 = e. Borrowing
from the singaling literature, effort is costlier for type L; more specifically, exert-
ing effort level e > 0 costs - to inventor i € {H, L}, and exerting effort level

e = 0 costs zero to both types. Firm B’s production level V is exogenous with
V € [0,1]. In addition, same as in the main model, V' is uniformly distributed
on the interval [0,1], thus, E[V] = 1. Firm A ex ante commits to filing a patent
whenever the production level of A is (weakly) greater than the production level
at firm B. More formally, A’s filing a patent decision s4 = 0 whenever V4 > V.
Therefore, effort level chosen by inventor ¢ determines whether a patent is filed or
not. In case a patent is filed by A, then i’s true type is no more revealed to firm
B since even A may not fully observe the type. However, B forms a belief about
1’s type in the following way: If A files a patent, then B believes ¢ is type H, if A
does not file a patent then B’s belief is the prior. Let p(e) € [0,1] be the func-
tion denoting the belief firm A forms that i is type H whenever the effort level e
is chosen by i. Let e; denote the effort level chosen by type i € {H, L}. Then, we

derive the following conditions from Bayes’ Rule:
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-ule)=1 if eg=e#eg
-ule)=0 if egFe=eg
-ule)=p if eg=e=ep
- u(e) €10,1] if ey # e and ey, # e (off-the-equilibrium path belief)

Following this, similar to the main model, i’s outside option is determined by the
function f, where f simply yields B’s expected profit from hiring 7. Hence, when-
ever A files a patent, B extends a wage offer V - E[f; | s* = 0] to inventor ¢ which
is denoted by w?(s?* = 0) and is equal to V -y, and if A does not file a patent, B
extends a wage offer V-E[f); | s* = 1] to inventor i which is denoted by w?(s4 = 1)
and is equal to V -6 where § = p-0; + (1 —p) - 0. Finally, A’s wage offer is charac-
terized by this expectation; if A believes ¢ is type H, then A extends a wage offer

Oy V if E[V]<e
wi(e) = . Vi

A% otherwise.

Assumption 3. Let % < (O —0) < % be true.

Replacing E[V] = %; observe that type H maximizes the following problem to

choose optimal eg.

QH é (&
28 1— 2
my oo TUmd gy,
st. e<l1
e>0

(5.1)

Proposition 9. Under assumption 3, ey =1, e, =0, ule=1) =1, ule=0) =0
paired with off the equilibrium path belief u(e) = 0 if e # 1 along with the wage
offers wi(e = 1) = 2, wi(e) = % ife # 1, wB(s?) = Vlg ife = 1 and
wB(s4) = VO if e # 1 constitute a separating equilibrium in which types are fully

distinguished by firm A.
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Proof. We will check whether e = 1 maximizes the expression in (18), and in-
centive compatibility constraints for the low and high type, so that no type has an
incentive to imitate the other. First, in any separating equilibrium e; = 0, as oth-
erwise effort is costly for the low type. Hence, if type L’s incentive compatibility
is satisfied, then L’s expected profit from exerting zero effort is equal to g. This

is because firm B cannot distinguish between types and B’s belief is prior. Since
we restrict off-the-equilibrium path belief m(e) = 0 for any e € [0,1), then e can-
not make better by deviating to any other e # 1. If L deviates to e = 1, then L’s
expected profit is %H — é, since it is costlier for L to exert the same effort com-
pared to type H. However, this is a profitable deviation if and only if %H — % > g,
which simplifies to (0 — 0) > % and is false given assumption 4. Hence, e;, = 0
is incentive compatible for type L. Suppose H has a profitable deviation, then it
must be to e = 0, as otherwise H exerts an effort level that is costlier but gives
the same expected profit. However, H deviates from ey = 1 to e = 0 if and only
2

which simplifies to (0 — ) < 5., and is false given assumption

0

i O 1
if = < h

O
4. Hence, under assumption 4 and the restriction on off-the-equilibrium path be-
liefs, e, = 0 and ey = 1 are part of an equilibrium. Finally, in any separating
equilibrium, A perfectly distinguishes types and extends the outside option of out-
side H and L given their types; which are w’(e = 1) = %, wA(e) = % for any
e € [0,1) respectively. Finally, B extends a wage offer w?(s?) = V@ ife = 1
and wB(s4) = V@ if e # 1, since B believes i is type H whenever A files a patent,
which happens when e = 1 under this equilibrium, and B believes 7 is type H with

probability p € (0,1) (common prior). O

Observation 7. Under assumption 3; notice that the above equilibrium will leave

firm A with turnover whenever i is type L, and when i is type H and V > %
Since B’s production is uniformly distributed on [0, 1], the latter happens with 0.5
probability. Therefore, ex ante commitment to filing a patent leaves firm A with
possible turnover whenever production is a function of the effort exerted by 7. In

the main model, A never experiences turnover of type H under patents.
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Proposition 10. Suppose assumption 3 fails; then at least either type H or L has
an incentive to deviate to the effort level chosen by the other type. Hence, a sepa-

rating equilibrium cannot be sustained under such a case.

Proof. Focus on 5. < % < (0g — 0). Then, ey = e;, = 1 along with the wage

offers wi(e = 1) = g and w?(e) = |u(e) - %H + (1 — p(e)) - g if e # 1 where p(e)
denotes the off-the-equilibrium path belief of firm A for any e € [0,1] \ {1}. Hence,
type L’s optimal choice is to imitate type H, therefore, this leads to a pooling
equilibrium in which types cannot be distinguished by A. Yet, since the optimal
effort choice by both types are 1, which is greater than V' with probability 1 (be-
cause V' € [0,1]; then A’s ex ante commitment to filing a patent leaves A with
patents under both cases. Moreover, since B believes i is type H when A files a
patent, then w?(s4 = 0) = V0. Therefore, both types have no incentive to de-
viate whenever off-the-equilibrium path belief is j(e) = for any e € [0,1). Now

wB(s4 = 0) = VO which is greater than w(e = 1) = g whenever V > %. O

Observation 8. Whenever assumption 3 fails, and more specifically whenever

2 < % < (0g — 0), type H and L moves to firm B with probability (1 — %).

o =

Moreover, regardless of turnover, type L is overpaid with the amount equal to

g — %L in case of no turnover; and with the amount equal to Vg — %L. However,
type H is underpaid with the amount equal to %H — g in case of no turnover; and

is either underpaid with the amount equal to %H — VO if vV > %, and otherwise H
is overpaid equal to the same amount. The key observation is ex ante committing
to file a patent leads to inefficient turnover. Let’s suppose V' = 3/4. Then, there
is turnover under both types. However, by extending a wage offer w? € [3/4,1),
A can make a positive profit from hiring H, whereas B makes a net profit of zero.
This implies there is room for pareto improvement; information asymmetry com-

bined with ex ante commitment leads to inefficiency.
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Chapter 6

CONCLUSION

While the literature on patents is quite extensive and researchers in this field have
made substantial contributions, signaling role of patents are mostly investigated
from firms’ perspective. Their contribution brought many explanations to and
shed light on the phenomena of why firms file a patent to protect their intellec-
tual property while relying on trade secrecy is more commonly preferred and is
less costlier; the literature did not touch on the role of the patents and how they
shape the career prospects of their contributors. From this perspective, we argue
that a patent can also be informative about its inventor rather than the firm only;
and can provide enough information (signal) to rival firms to assess the productiv-
ity of an inventor. Therefore, our aim throughout this paper is to show that filing

a patent can as well send signals about an inventor.

In order to support our claim in a more formal way, we built a simple but reason-
able model of competition between two firms. These firms were forced to file a
patent in the full information benchmark of the main model since they compete
with each other under simultaneous innovation. In this setup, firms aim to cap-
ture both the market profit and the worker so that they can earn more from their
production. Our results from asymmetric information are based on the trade-off
between revealing the innovation value, revealing the inventor type and risking
the monopoly profit. The results under asymmetric information support our ini-
tial claim that firms have incentives to distort their optimal patent filing decisions
whenever the inventor is essential to the firm compared to one period monopoly
profit. These results also coincide with the understanding that strong property

rights encourage firms to file a patent whereas weaker protection forces them to



Chapter 6: Conclusion 45

rely on secrecy while choosing how to protect their intellectual property.

We believe this paper contributes to the literature by building a rather simple but
reasonable signaling model in which firms face a realistic trade-off between risk-
ing turnover and profits. Moreover, our model is consistent with the literature by
featuring the claim that secrecy provides more protection than patents. To clar-
ify, we assume a non-perfect protection from patents and a perfect protection from
secrecy, though relying on secrecy possibly leaves the firm with partial duopoly
profit due to simultaneous innovation. We reach a threshold to illustrate another
trade-off firms can face in real life. This revolves around the risk of simultaneous
innovation resulting in smaller profits due to not filing a patent, and being granted
a partial monopoly due to revealing information through patents. Our rather im-
plicit assumption here is patents make it easier for others to imitate even though
there is legal protection. However, innovations that are kept as a secret cannot

be imitated unless another firm produces a very similar (or the same) one. Fi-
nally, our extension model suggested that ex ante commitment to patents by the
incumbent is detrimental to both profits and turnover. Indeed the results from the
extension model suggest that under some assumptions the equilibrium we reach

leads to inefficiency by turnover.
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Chapter 7

APPENDIX

Discussion of Profits

Firms A and B compete in two distinct markets; the product market and the in-

novation market. Let us describe the firms’ profits from each market separately.

1- Product Market Profit: A firm’s profit from the product market is deter-
mined beforehand and can take the form of a monopoly profit, a duopoly profit

or a convex combination of both, depending on the firms’ IP choice and the oc-
currence of simultaneous innovation. The IP choice and simultaneous innovation
together determine whether a monopoly is (fully or partially) granted to a single
firm. The value of the innovation further determines the portion of the market
captured by the firm. For instance, if firm j is granted a monopoly in the product
market and has produced an innovation valued at &, then its profit from the prod-
uct market will be k£ times the monopoly profit. Hence, the innovation value has
a direct impact on a firm’s profit in the product market. Note that the innovation
value is not restricted to be less than or equal to 1, meaning that high-value inno-
vations can increase the size of the product market, whereas low-value innovations

can decrease it.

2- Innovation Market Profit: A firm’s profit from the innovation market de-
pends on the successful implementation of a project related to the innovation
produced in the first period. To clarify, in the first period, firms A and B invest
in projects leading to innovations with specific values. For simplicity, we assume
that the initial investment cost has already been incurred, making the investment

decision non-strategic. The implementation of a project in the second period is
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successful only if firm 7 employs the inventor, and the ability level of the inven-
tor determines the probability of successful implementation. The payoff for a firm
from the implementation of a project in the second period is simply the value pro-
duced in the first period, denoted by V; for i € {H, L} in the case of firm A where
Vg > Vi > 0. For firm B, the payoff from implementing a project is represented
by V, which is drawn from [V}, V] according to the probability density function
g. Consequently, the competition in the innovation market revolves around firms
racing to hire the inventor in the second period so that they can assign the inven-

tor to the implementation of their project.

To clarify, we assume firm A’s innovation value produced in the first period de-
pends on the type of the inventor initially employed by A, whereas B’s production
is drawn from a certain set. After the production phase of a project, at the end

of period 1, firms A and B decide whether to file a patent or not. When a firm
does not file a patent, it chooses to protect the innovation by relying on secrecy.
The patenting decision of firm j € {A, B} is denoted by s/, where s/ = 1 if the
firm chooses to rely on secrecy, and s/ = 0 if it files a patent. In the case of both
A and B producing the same innovation and filing a patent, each firm is granted
the patent with probability 0.5. Otherwise, each firm is granted a patent with a
probability of 1 whenever it files for one. Filing a patent is assumed to be free for
both firms. A patent grants a monopoly to a firm at the rate a € (0,1). In the
simplest understanding, o represents the strength of property rights in this indus-
try, indicating the rate at which a patent holder is legally protected and obtains

a monopoly profit. If a firm chooses to rely on secrecy, it either shares a duopoly
profit under simultaneous innovation or receives a monopoly profit otherwise. This
represents a perfect protection from relying on secrecy but also implies that firms

have to share the profit in the market in the case of simultaneous innovation.

After the patenting decision and the grant of patents (if any), firms have the op-
tion to extend a wage offer to the inventor given the patent filing decision of the
other firm. We denote the wage offer of firm j as w’ when the inventor’s type is

not observed by firm ;5 and as wf if it is observed by (or revealed to) j. The inven-
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tor’s payoff is his wage, hence, he accepts the highest wage offer. In case of a tie,

we assume that the inventor does not move to B.

In the second period, firm A or B employs the inventor ¢ € {H, L} and assigns the
inventor to implement the project related to the innovation produced in the first
period. At the end the of the second period, firms realize their payoffs from two
sources. Firstly, they receive payoffs from the product market based on their IP
choices and innovation values. Secondly, firms (possibly) implement the project,

and if the implementation is successful then firms receive payoffs equal to the

value of the innovation produced in the first period. In summary, the first source

of payoffs lie on the simple way of making sales and penetrating the market, whereas
the second source comes from directly monetizing the value created from an inno-

vation, such as franchising or follow-on innovations.

A patent reveals information about both the innovation value and the inventor,
while relying on secrecy perfectly protects the firm from revealing its private infor-
mation. The property rights under patents are not perfect, so a firm with a patent
enjoys a monopoly profit at a rate « € (0,1) and earns duopoly profit with the
remaining (1 — a) probability. Firms may also earn a portion of the duopoly profit

when their rival is granted a patent due to the imperfect property rights.
Let us summarize firms’ profits for each possible case.

If firms do not have the same innovation, each firm enjoys a monopoly profit 7,
from the product market depending on the level of property rights. Under patents,
they receive a monopoly profit 7, with probability « € (0,1) and earn a duopoly

profit w4 with the remaining (1 — «) probability. Under secrecy they receive m,.

If A and B produce the same innovation, the firm with the patent (if any) earns

a monopoly profit m,, with probability a and earns duopoly profit m; with the re-
maining probability (1 — «). In such a case, the other firm without a patent still
receives g with (1 — a) probability. This is due to imperfect property rights under

patents.

If neither firm is granted a patent, with probability 1, each firm earns a duopoly
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profit w4 under simultaneous innovation, and they earn 7, otherwise (when there

is no simultaneous innovation). We assume that m,, > 74 > 0.

Firms’ profits from the product market are captured at rates V; for firm A and V
for firm B, as discussed earlier. The innovation value determines the market size,
but the values are not necessarily restricted to the interval [0, 1] (this would rather
be helpful for simplicity but does not change the equilibrium). Thus, high-value

innovations can increase the market size.

The second part of firms’ payoffs comes from the implementation of a project,
which yields a payoff equal to the value of the innovation. The probability of im-
plementation is #; for firm A when it employs the inventor, resulting in a payoff of
V; with probability 6;. For firm B, the probability of implementation is ;5 when
it employs the inventor, resulting in a payoff of V with probability ;3. The dif-
ference in probabilities is due to the familiarity of the inventor with the innova-
tion produced at firm B to the extent 8 being close to 1. Our rationale here is as
follows; whenever a firm employs an inventor who has previously worked on a re-
lated project and created a specific value, the inventor can monetize this value at
a certain rate. This could be a follow-on innovation, implementation of a related
project, or implementation of the project for franchise purposes. Hence, the im-
plementation is not exactly the same for firm B as it is for firm A unless g = 1.
Mostly in this section, we will focus on the case when § = 1. However, the differ-
ence is not a critical issue due to the (expected) zero-profit condition for the rival

firm(s) from hiring the inventor.
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