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Abstract

We model a three-stage duopolistic game where firms first simultaneously choose
the technological direction of their innovation, then invest in the chosen direction, and
finally, compete. Investments can be in competing or non-competing innovations and
their outcome is uncertain. If successful, a firm can be imitated by the rival. Patent
protection prevents imitation and is granted to non-obvious innovations. We show that
compared to a regime where negligible innovations are patentable, strengthening the
non-obviousness requirement for patentability can increase market efficiency. Impor-
tantly, we also show that the level of the requirement may affect the direction of firms’
R&D trajectories. While in a mild patent regime firms tend to invest in competing
technologies, a stricter non-obviousness requirement may induce firms to operate in
different technological areas, and this increases social welfare and consumer surplus.
We illustrate our general theory through a stylised model of Cournot competition with
process innovations.
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1 Introduction

Patents give an innovative firm an exclusive right over the use of its innovation for a certain

period of time. As a compensation for the costs and the risks incurred in conducting R&D

activities, the exclusive right provides the firm the incentives to innovate. The crucial issue

is therefore understanding how the presence and characteristics of a patent system impact

on firms innovative activities.

Much of the literature in the economics of innovation has focused on analysing how patent

policy impacts the amount of firms R&D investments. This occurs despite it is well known

that the presence, and the effectiveness, of a patent system can have an impact not only on

the extent of innovation but also on its direction. A seminal empirical study by Petra Moser

based on 19th century data on inventions presented at two World’s Fairs reveals that firms

R&D activities in countries with a patent system followed different technological trajectories

from those in countries without a patent system; based on this evidence, the author concludes

by saying that “patents help to determine the direction of technical change” (Moser, 2005).

Quite surprisingly, only recently the issue of how the patent system impacts on the direction

of firms’ innovative activities has received the attention of scholars and policy-makers.

In this article we focus on the very essence of a patent system, namely the requirements

for patentability. In order to be patentable, an innovation must be new, useful and non-

obvious. Nonetheless, while novelty and usefulness of an innovation can be assessed rather

easily, the definition and the assessment of the non-obviousness requirement (also known as

inventive step in the European jargon) is much more controversial.

Point of departure to assess non-obviousness is the so-called ‘prior art’, namely every-

thing that was in the public domain prior to the date on which the patent application was

filed; accordingly, the “non-obviousness principle asks whether the invention is an adequate

distance beyond or above the state of the art” (Barton, 2003). The non-obviousness concept

is extremely vague and in fact its verification takes place by following different approaches

in the various legal jurisdictions, to the point that in some countries achieving this require-

ment is considered to be more difficult than in others.1 On top of this, patent laws and

regulations are frequently changed and amended. For example, in Australia there have

1For example, to evaluate the inventive step of an innovation, the European patent office (EPO) adopts
the so called problem-solution approach based on the problem to be solved, as derived from the ’technical
effect’ of the distinguishing claim features. By contrast, the UK patent office (IPO) follows an approach
which places more emphasis on the inventive concept of the claim as a whole. Consequently, the IPO
approach gives the applicant more chances of demonstrating an inventive step and it is usually considered a
less stringent approach than the EPO’s problem-solution approach.
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been long-standing concerns that the bar to obtaining patent protection has been set too

low; for this reason, in 2018 it has been announced a consultation into proposed legislative

amendments which include fundamental changes to make it more stringent the inventive step

provisions.2 In Europe, the European Patent Office’s Guidelines, i.e. the regulations guiding

the patent office examination of patent applications, have been updated in 2019 in order to

make it more difficult to satisfy the inventive step requirement (see Wooden et al., 2020).3

Where setting the bar for granting a patent is clearly one of the crucial aspects for the

functioning of a patent system. On the one hand, in fact, a too loose requirement allows

also inventions of little use or of modest innovative value to be protected; on the other

hand, however, a too stringent requirement could prevent even substantial innovations from

obtaining protection. In both cases, there is a risk of distorting the incentives to innovate

and, therefore, of undermining the correct functioning of the patent system.

Our analysis shows that the requirement for patentability may have an impact not only

on firms’ incentives to invest in R&D, but also on the direction of these investments. This

issue seems to be particularly relevant in competitive settings where firms compete not only

on the products’ market but also at the R&D level and where strategic motives are likely

to influence the direction of firms innovative activities. To see this, we develop a model

where two competing firms first decide which of two different technological areas to operate

in, i.e. firms choose the direction of their innovation, and then they invest in R&D into the

chosen area. Once investments have bee taken, firms compete in the product market. The

innovation process is uncertain and, if successful, an innovator can protect its innovation from

imitation by applying for a patent; protection is granted only if the innovation is sufficiently

innovative, i.e. if it satisfies the non-obviousness requirement imposed by the patent law.

The firms decision about the technological territory where to conduct R&D activity is

the crucial feature of our model. When firms operate in the same technological area, their

investments can give rise to competing innovations; in this case, if both firms innovate, only

one can be granted a patent. When firms operate in different areas, innovations, and the

patents protecting them, can coexist. Crucially, when firms are active in the same techno-

2See https://www.ipaustralia.gov.au/policy-register/amend-level-inventive-step for details on the consul-
tation process in Australia.

3The debate on the role of the non-obviousness requirement has recently flourished further due to
the advent of R&D processes driven by artificial intelligence, machine learning, and robots. Indeed,
an innovation may be non-obvious to a person, although it represents an obvious application of avail-
able knowledge for a robot. For this reason, legislators have become more and more aware that the
employment of these technologies represents a challenge for the current patent laws. See the Euro-
pean Parliament resolution on IPRs for the development of AI technologies (2020/2015(INI)) available at
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0277 EN.pdf.
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logical area, an inefficient duplication of R&D may emerge; this makes R&D differentiation

desirable from the social efficiency perspective.

In this setting, we show that compared to a regime where also negligible innovations

are patentable, a stricter non-obviousness requirement for patentability may induce firms

to invest more, thus positively affecting market efficiency. More importantly, we also find

that raising the bar for patentability may increase social welfare through its impact on the

direction of firms’ investments. While with a generous patent regime firms prefer to invest

in the same technological territory, a stricter requirement for patentability induces firms to

operate in different technological territories with desirable effects on efficiency. An appro-

priate determination of the patentability requirement stimulates firms innovative activities

and eliminates any potential risk of duplication of R&D.

Our analysis proceeds in two parts. In the first part, we develop a very general reduced-

form model of competition between two firms that, prior to competing on the product market,

have to decide in which direction and how much to invest in research and development. This

model is consistent with various different set-ups; for illustrative purposes, in the second part

of the paper we apply the analysis to the specific case of Cournot competitors that prior to

compete invest in process innovation.

The paper is organised as follows. In Section 2 we discuss how our analysis contributes

to the economic literature. In Section 3, we present a general model of competing firms that

prior to competition must decide the direction of their R&D and how much to invest; this

general model is then illustrated in Section 4 through a standard model of Cournot duopoly

with process innovation. Section 5 concludes the paper.

2 Review of the literature

As mentioned, the economics literature studying the impact of patents on the direction of

innovation is quite scant. In Von Graevenitz et al. (2013) the authors present a model

in which firms first choose the technological area of their R&D activities and then decide

how many patent applications to file; the main scope of this paper is on disentangling the

effect of technological complexity on the increase in firms’ patenting activities. Bryan and

Lemus (2017) analyze the misallocation of R&D investments deriving from firms incentives

to pursue either easy and less valuable projects or complex ones that guarantee large value.

They claim that policies designed to influence the rate of innovation (such as patents and

rewards) are not suitable to induce the efficient direction of innovation. We contribute to
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this debate by discussing how an appropriate management of the patentability requirement

may affect the direction of firms technological trajectories avoiding inefficient duplication.

Relatedly, Hopenhayn and Squintani (2021) analyze the sources of misallocation of R&D

investments. They distinguish between static and dynamic sources of misallocation. The

former arise due to excessive entry in some technological areas and too little entry in others.

The latter, instead, occurs because of the cost of reallocating research investments when a

project is solved by one inventor. In our model, we find that innovators tend to concen-

trate R&D efforts towards the same technological area and this induces them to invest less.

However, we show that a policy-maker could re-establish directional efficiency by artificially

increase the cost of investing in competing technologies.4

Our contribution adds also to a recent paper by Comino and Manenti (2022). The au-

thors study how the presence of a stronger/weaker patent regime affects the technological

trajectories of firms in a context where firms amass large patent portfolio strategically. In-

terestingly, the authors find that on top of the classical deadweight loss associated with the

monopolistic position that they grant, patents can be the source of another potential inef-

ficiency related to the distortion they may cause in relation to technology choices. In their

analysis, the role of the patentability requirement is ignored, which instead is the focus of

our paper.

A paper which is more closely related to ours is Chen et al. (2018). As in our study,

the authors also analyze the impact of the patentability requirements on the characteristics

of firms R&D activities. The authors use a model of cumulative innovations where in each

period firms engage in patent races to develop a new product that improves upon the current

product. In each period firms choose between a risky and a safe project. A stricter standard

for patentability is found to have countervailing effects. On the one hand, it reduces the static

incentives of investing in the risky project that may fail to lead to a patentable innovation;

on the other hand, it increases the dynamic incentives to invest in the risky project by

extending the period of incumbency. We depart from Chen et al. (2018) in several directions.

Our goal is to qualify how the requirements for patentability impact on firms choices when

they compete not only on the product market but also in R&D activities. In a context of

simultaneous innovations, our goal is to understand how a more or less strict patent regime

influences not only how much companies invest but also the type of competition in R&D

4Moraga-González et al. (2022) and Dijk et al. (2021) also investigate how firms allocate resources towards
different R&D projects. More in details, Moraga-González et al. (2022) focus on how mergers between two
firms alters the direction of R&D of the merged entity. Instead, Dijk et al. (2021) analyze a similar problem
focusing on start-up acquisition.
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activities, i.e. whether or not firms engage in a patent race.

Finally, and more generally, our paper contributes to the literature on the non-obviousness

requirement, excellently reviewed in Denicolò (2008). Kou et al. (2013) and, In a similar set-

ting as in Chen et al. (2018), O’Donoghue (1998) and Hunt (1999) analyze the impact of the

non-obviousness requirement for patentability on firms’ incentives to innovate; nonetheless

they do not discuss the impact of non-obviousness on the firms technological choices which

is the focus of our paper.

3 A general framework

3.1 The setup

Consider a market populated by two competing firms, i and j. The current technology allows

the two firms to generate a certain value v > 0. Prior to competition firms simultaneously

decide the direction and the degree of their R&D investments aimed at improving the quality

of their current products. Formally, we assume that there are two possible technological

trajectories along which firms can innovate, i.e. two potential projects, a or b; firms choose

in which project to invest and then how much to invest in R&D to develop the chosen

project. Innovation is gradual, namely a non-innovating firm is able to stay in the market

and to compete with an innovating firm.

We assume that the decision to invest in a given technological territory is irreversible,

for example because prior to conduct the R&D activities, firms must sink specific resources

in the chosen project which would be lost in the case the firm goes for a different project in

another technological area. These are fixed-sum investments that do not alter the subsequent

decision on how much to innovate (i.e. how much actually invest in R&D to develop the

project) in the chosen technological area. Once R&D decisions are taken, firms compete in

the product market.

For simplicity, the two projects are assumed to be symmetric. Let us indicate with βi

the quality/the prospective value generated by firm i’s R&D such that, if innovation takes

place, the value of firm i’s product becomes v + βi. we assume that in order to develop an

innovation of value βi - whether this innovation relates to project a or b - firm i invests an

amount of resources I(βi). Such investment increases the larger the prospective quality of

the innovation and it is convex; formally: I ′(βi) > 0, I ′′(βi) > 0. We interpret βi as the

degree of firm i’s innovativeness.

The R&D process is assumed to be uncertain: once invested, firms may succeed in
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developing the innovation with a given probability p ∈ (0, 1); this probability is exogeneous

and common to both firms and projects.5

Notice that in our simplified setting, firms choose how much to invest in R&D and, given

the exogenous probability p, these investments uniquely determine, in case of success, the

degree of firms innovativeness, βi. All this to say that, equivalently, firms can maximise their

profits by either choosing I(·) or βi; for this reason, with a slight abuse of wording, in the

paper we often refer to βi as the level of investment in R&D chosen by firm i.

A successful firm can costlessly apply to the patent office (PTO) for a patent protecting

its invention. Without protection, the invention can be imitated, that is a non innovating

firm can copy the innovation of the rival and exploit its value, at no cost. It should be

noted that the possibility of imitating an innovation without cost generates opportunistic

behaviors and underinvestment. The patent system, through the exclusivity it guarantees

in the exploitation of an innovation, represents a way to solve underinvestment. Given that

patenting is costless, a firm always applies for a patent whenever innovating. Note that

we focus on non-drastic innovations: even if unsuccessful, a firm keeps competing against a

successful rival holding a patent protecting its invention. This is equivalent to say that v is

assumed to be large enough to allow a non-innovating firm to survive.

An innovation is patentable if and only if it is not obvious, i.e. its degree of innovativeness

is sufficiently large; formally, indicating with β̄ the non-obvious requirement, an innovation

is patentable if βi ≥ β̄. The larger β̄, the more stringent the patent regime and the more

innovative the innovation must be in order to be patentable; if, instead, β̄ = ε, where ε is a

positive and negligible number, then also marginal innovations can be patented. Throughout

the paper, we assume that firms perfectly observe β̄ when investing in R&D.

Once uncertainty is resolved and, eventually, the PTO has issued a patent, consumers

observe the quality of the two products and the price charged by each firm and decide which

product to purchase. Hence, our model has three stages:

t1: firms decide the direction of their R&D (either to invest in project a or b);

t1: firms decide how much to invest in R&D;

t2: once the uncertainty regarding innovations is resolved and the PTO has eventually

issued the patent(s), firms compete in the products’ market.

5A natural extension of our setting is to make the probability of success, p, endogenous, for example by
assuming that it increases with a firm investment in R&D.
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After firms have invested and uncertainty regarding their R&D efforts is resolved, three

possible situations can occur depending on which firm has been successful in innovating.

First, both firms have been successful, an event which occurs with probability p2; second,

both firms fail in the R&D stage, an event which occurs with probability (1− p)2. Finally,

with probability p(1 − p), only one firm successfully develops the innovation, whereas the

rival fails. As patenting occurs at no cost, a successful firm always ask for patent protection;

the PTO issues the patent if the innovation satisfies the patentability requirement.

Independently on the project firms have selected, three cases can occur at the competition

stage t2: both firms hold a patent, only one firm holds a patent, and neither firm hold a

patent. Let us indicate with:

- πi(βi, βj) the profit of firm i, gross of the cost of the R&D investments, when both

firms hold a patent, where βi and βj are the qualities of firms innovations (we often

refer to βi and βj as the quality of the patents);

- πi(βi, 0) (resp. πi(0, βj)) firm i’s gross profits when only firm i (resp. firm j) holds a

patent protecting its (resp. the rival’s) innovation;

- πi(0, 0) firm’is profits when neither firm holds a patent.

As mentioned above, we limit our analysis to a symmetric framework; formally, this

implies that for any βi = βj = β, firms profit functions satisfy the following conditions:

πi(β, 0) = πj(0, β), πi(β, β) = πj(β, β), and πi(0, 0) = πj(0, 0).

In what follows, we develop an extremely general framework with no specific assumptions

about how firms compete in R&D or in the final market. Nonetheless, in order to obtain

meaningful predictions on firms investment decisions and on their effects on social welfare,

we necessarily have to narrow the scope of our setting. We do so in the least restrictive way

and such that the model is consistent with various different set-ups.

A first natural assumption regarding firms’ profits is to assume that a firm’s gross profit

increases with the quality of its protected innovation and decreases with the quality of the

innovation of the rival; formally: ∂πi(βi, 0)/∂βi > 0, ∂πi(βi, βj)/∂βi > 0, ∂πi(0, βj)/∂βj < 0,

and ∂πi(βi, βj)/∂βj < 0. On top of this, we also make the following assumptions on firms

profit functions:

Assumption 1 (On marginal benefits). For a given common quality of the patents β, the

marginal benefit that firm i enjoys from an increase in the quality of its patent a) is larger
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when it is the only one holding a patent than when also the rival holds a patent, but b) this

marginal benefit is not too large; formally,

a)
∂πi(βi, 0)

∂βi

∣∣∣∣
βi=β

>
∂πi(βi, β)

∂βi

∣∣∣∣
βi=β

, and b)
∂πi(βi, 0)

∂βi

∣∣∣∣
βi=β

< 2
∂πi(βi, β)

∂βi

∣∣∣∣
βi=β

;

Assumption 2 (On profits ranking). For a given common quality of the patents β, firm i’s

profits are the highest when it is the only one holding a patent, and are the lowest when only

the rival holds a patent; when both firms hold a patent both firms get larger gross profits then

when they both do not hold any patent. Formally, the following ranking in firms gross profits

applies:

πi(β, 0) > πi(β, β) > π(0, 0) > πi(0, β) > 0.

These assumptions are very reasonable; intuitively they simply state that being the only

one holding a patent allows the firm to appropriate a greater value from the patented inno-

vation.

As regards the consumer surplus, we indicate with CS(βi, βj) the surplus enjoyed by

consumers when both firms hold a patent of quality βi and βj respectively, with CS(βi, 0)

the surplus when only one firm holds a patent βi, and CS(0, 0) when no firm has developed

a technology. It is reasonable to assume that the functions CS(·, ·) grow in both arguments

- the more valuable the patented technologies, the greater the value for consumers. On top

of this, we also assume that

Assumption 3. For a given degree of firms innovativeness β, the consumer surplus is the

highest when both firms hold a patent, and is the smallest when neither firm holds a patent.

Formally, the following ranking in consumer surplus applies:

CS(β, β) > CS(β, 0) = CS(β, 0) > CS(0, 0).

Intuitively, innovations generate value; when both firms innovate consumers enjoy larger

benefits than when only one invention of a given quality is available.

Competing and non-competing innovations. In the first stage of our game, firms

decide in which direction to innovate (either project a or b). Depending on their technological

choice, two cases can arise. In the first, firms choose to invest in the same technological area

and to develop the same innovative project; in this case, if firms are successful and their

innovations are both eligible of being protected with a patent, we say that they invest in
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competing innovations. In the second, firms conduct R&D activities in different technological

areas and we say that they invest in non-competing innovations.

These two scenarios have a crucial difference in terms of patent protection: while in the

latter case, if firms succeed can both obtain a patent as their innovations fall in different

technological territories, in the former case patents cannot coexist. Hence, when firms invest

in the same project and successfully innovate, only one of them can be granted a patent.

Examples of both scenarios abound. In the video-game industry, both Nintendo and Valve

own distinct patents for their portable consoles’ controllers. In shoe manufacturing virtually

each producer has its own patented system for cushioning the soles of its products, whether

it is foam, encapsulated air, shock-absorbers like those of automobiles, or other special toe

and heel reinforcement pads. In both examples, firms compete on the final market with their

patents which, therefore, coexist precisely because they are technologically different. The

scenario with competing innovations is different; the two firms engage in a sort of race to

patent; they work independently of each other on the same invention and if they both succeed,

only one is granted the patent. This is typical of very standardized technologies, where the

direction of innovation is clear to all the actors who are investing in R&D activities with the

aim of innovating in this common direction (Kultti et al., 2006). For instance, Nvidia and

AMD, the two leaders in the production of graphic cards, have been working head to head

in the development of ray tracing and upscaling technologies, the new frontier in graphic

cards. Ultimately Nvidia got the better with its patented technology.

Noticeably, when both firms successfully invest in competing technologies we need a

rule for granting the patent to one of them. If the PTO were perfectly able to understand

which innovation is the most valuable, then it would be natural to assume that the patent

is awarded to the firm whose innovation is of an even marginally higher quality. In this

case, however, it is possible to see that our framework does not admit a Nash equilibrium in

pure strategies in firms’ R&D levels. Intuitively, each firm has always incentive to invest a

little more than its rival to obtain the patent. To avoid this problem of nonexistence of the

equilibrium, we need to assume that the patent office is unable to accurately assess which of

the two competing innovations generates more value/it is more innovative;6 in the presence

6Formally, inaccurate patent examination implies that the patent office is not able to observe the precise
value of an innovation, βi, but a distribution of values, [βi − d;βi + d], with d > 0 representing the degree
of inaccuracy. Hence although, say, the innovation of firm i is greater than that of firm j, formally βi > βj ,
the PTO cannot discern which innovation is of higher quality, as long as βj < βi < βj + 2d. We assume that
in this case the patent office chooses which firm to grant the patent to randomly. In the online Appendix
(available upon request) we show that for d large enough a pure strategies Nash equilibrium in firms’ R&D
exists. Note also that a PTO inaccurately screening patent applications could also make mistakes in issuing
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of such an indeterminacy, when the patent office receives two applications belonging to the

same technological territory, it randomly issues the patent - i.e. each competing technology

has probability 1/2 of being protected. It deserves to be noted that the assumption of the

patent office inaccurately screening applications is very much practically rooted and, in fact,

it is also common to the vast literature discussing the effects on patents of the quality of

patent examination.7

3.2 The equilibrium with a patent regime of maximum extension

Given the characteristics of our framework, it is possible to show that under very mild

conditions the equilibrium in firms’ R&D activities both in terms of direction and of intensity

have well-defined properties.

Let us start with the case of a very extensive patent regime, that is a regime in which

an innovation can be protected regardless of its degree of innovativeness. In such a setting,

even obvious innovations for which β = ε, with ε arbitrarily small, can be patented.

When firms invest in the same innovative project (either a or b) and both succeed in

developing the innovation, they are both eligible for receiving protection but only one of them

is granted a patent. The firm that does not receive the patent cannot bring its innovation to

the market and, therefore, it is as if it had not invested. Since with competing innovations

the probability of a firm to receive the patent is equal to 1/2, the expected profits of the

firm i given firms R&D levels βi and βj, net of the cost of R&D, are

EΠc
i (βi, βj) =

p2

2
(πi(βi, 0) +πi(0, βj)) + p(1− p)(πi(βi, 0) +πi(0, βj)) + (1− p)2π(0, 0)− I(βi), (1)

with i, j = 1, 2, and where the superscript c stays for competing. Firms choose βi and

βj to maximise their expected profits. Assuming that EΠc
i(βi, βj) is well shaped, let us

indicate with βc the symmetric equilibrium level of firms R&D when they invest in the same

technological territory.

When firms invest in different projects, they can both be granted a patent in case they

succeed. Hence firm i’s expected profits are

EΠn
i (βi, βj) = p2πi(βi, βj) + p(1− p)(πi(βi, 0) + πi(0, βj)) + (1− p)2π(0, 0)− I(βi), (2)

and where the superscript n stays for non-competing. Assuming that EΠn
i (βi, βj) is well

patents, guaranteeing protection to obvious technologies. To keep things as simple as possible, we rule out
this to occur.

7See Comino et al. (2019) for a survey.
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shaped, we indicate with βn the symmetric equilibrium level of firms R&D in this case. It

is possible to prove the following

Observation 1. Firms’ R&D investments are larger when they invest in different projects:

βn > βc.

Proof. By definition, the equilibrium levels of investments with competing and non-competing

technologies, βc and βn, must satisfy the following conditions:(
p2

2
+ p(1− p)

)
∂π(βi, 0)

∂βi

∣∣∣∣
βi=βc

= I ′(βc), (3)

and

p2
∂π(βi, β

n)

∂βi

∣∣∣∣
βi=βn

+ p(1− p)∂π(βi, 0)

∂βi

∣∣∣∣
βi=βn

= I ′(βn). (4)

Subtracting (3) from (4), the following condition must hold:

p2

(
∂π(βi, β

n)

∂βi

∣∣∣∣
βi=βn

− 1

2

∂π(βi, 0)

∂βi

∣∣∣∣
βi=βc

)
+ p(1− p)

(
∂π(βi, 0)

∂βi

∣∣∣∣
βi=βn

− ∂π(βi, 0)

∂βi

∣∣∣∣
βi=βc

)
= I ′(βn)− I ′(βc).

Provided that π(βi, 0) increases with βi and that I(βi) is concave, it is immediate to see

that given Assumption 1 this expression holds if and only if βn > βc.

This is an important result of our setting and shows that when any innovation, even the

most marginal, can be patented, then firms invest more if they act in different technological

areas. It is interesting to notice that when firms are active in different projects, their R&D

choices are strategic substitutes. As a consequence, the strategic interaction in the level of β

pushes investments up and at the equilibrium firms invest more that with competing tech-

nologies. Differently, when firms invest in competing technologies this strategic interaction

is not present.8

The next observation focuses on consumers.

Observation 2. Consumers are better off when firms conduct R&D in different technological

territories.

8This can be easily seen by looking at firms first order conditions which do not depend on each other
level of investment.
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Proof. When firms invest in competing innovations, provided that, if successful, firm i (resp.

j) develops an innovation of quality βi (resp. βj), the expected consumers surplus is the

weighted sum of the consumer surplus in the various possible events:

ECSc(βi, βj) =
p2

2
(CS(βi, 0) + CS(0, βj)) + p(1− p)(CS(βi, 0) + CS(0, βj)) + (1− p)2CS(0, 0).

Given the symmetry of our setting, when firms invest the equilibrium level βc, this expression

boils down to:

ECSc(βc, βc) = p2CS(βc, 0) + 2p(1− p)CS(βc, 0) + (1− p)2CS(0, 0). (5)

Consider now the case with non-competing innovations, the expected surplus function is:

ECSn(βi, βj) = p2CS(βi, βj) + p(1− p)(CS(βi, 0) + CS(0, βj)) + (1− p)2CS(0, 0).

At the equilibrium level of investments, βn, the above expression boils down to:

ECSn(βn, βn) = p2CS(βn, βn) + 2p(1− p)CS(βn, 0) + (1− p)2CS(0, 0). (6)

As βn > βc and given Assunption 3, it is immediate to see that ECSn(βn, βn) > ECSc(βc, βc).

Since firms invest more when they work on different projects and higher R&D investments

translate into a higher value for consumers, it is no surprise that consumers are better

off when firms develop non-competing technologies. On top of this, with non-competing

technologies, there is a probability that two innovations are brought to market at the same

time, which generates even more value for consumers.

Patents exist to stimulate investments in research and development. Therefore, one of

the crucial aspects for evaluating the effectiveness of a patent system is to compare the level

of innovation that firms are induced to generate in the presence of patents with the level

that would be optimal from a social point of view. In our setting, it is possible to show that

a very generous patent system which allows any innovation to be patented does not induce

firms to invest efficiently.

Observation 3. Under very mild conditions firms underinvest with respect to the social

optimum.

Proof. Let us indicate as EW `(βi, βj), the social welfare in regime ` = c, n as a function of

firms’ investments, with EW `(βi, βj) assumed to be concave in βi and βj. Firms underinvest
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at the equilibrium if

dEW `(βi, βj)
∣∣
βi=β`,βj=β` =

(
∂EW `(βi, βj)

∂βi
dβi +

∂EW `(βi, βj)

∂βj
dβj

)∣∣∣∣
βi=β`,βj=β`

> 0,

with ` = c, n; rearranging, this expression can be rewritten as:

dβi
dβj

> − ∂EW
`(βi, βj)

∂βj

/
∂EW `(βi, βj)

∂βi

∣∣∣∣∣
βi=β`,βj=β`

.

Given the simmetry of our setting, the numerator and the denominator of the right hand

side of this inequality are identical and the underinvestment condition collapses to

dβi
dβj

> −1.

This condition tells us that firms invest less than the social optimum whenever firm

reaction functions in R&D choices have a slope greater than -1; this is a condition which is

typically assumed to be satisfied in oligopoly models as it guarantees that the solution can

be obtained as a convergence of a dynamic adjustment process (Martin, 1993).

At the first stage of the game, firms simultaneously decide on which research project

to conduct their R&D activity. Our last observation concerns this technological choice

undertaken by the firms.

Observation 4. Provided that the R&D cost function is sufficiently convex, at the equilib-

rium firms invest in competing innovation.

This observation follows directly from Observation 1 and from the fact that the costs of

R&D are convex. Therefore, given that βn > βc, when firms invest in the same technological

area they bear a lower R&D cost: if the function I(β) is sufficiently convex, the lower costs

incurred in research and development more than compensate for the lower gross profits. In

our illustrative model, we will see that even a simple quadratic cost function leads to this

result.

From these observations, it, therefore, follows that a very generous patent system, al-

though solving the classic under-investment problem due to imitation and free-riding, yet

presents several critical issues. First of all, as firms do not invest the socially efficient amount

of resources in R&D (Observation 3), incentives to invest are still scant. On top of this, at
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the equilibrium firms prefer to compete on the same territory (Observation 4) even though

this is not the preferred option by consumers (Observation 2) and, under mild conditions,

undesirable even from the more general social welfare perspective.

Given these inefficiencies of the mild patent regime, one may wonder whether a stricter

patent regime where only sufficiently innovative technologies are patentable may induce firms

to invest more and, possibly, in different technological areas.

3.3 Non-negligible non-obviousness requirement

Suppose now that the patent regime is characterised by a stricter non-obviousness require-

ment such that only innovation with a degree of innovativeness greater than β̄ > 0 can be

patented.

From the previous section we know that with the mild patent regime β̄ = ε, firms invest

βc when they are active in the same technological territory, and βn otherwise, with βc < βn;

this implies that if β̄ < βc, the patent regime is ineffective, as firms can still patent the

inventions generated in the mild patent regime. For stricter patent regimes, two scenarios

may occur: βc < β̄ ≤ βn, i.e. the regime is binding only if firms invest in competing

technologies, and β̄ > βn, i.e. the regime is always binding. In either scenarios, when the

patent regime is binding, firms are induced to invest more than their optimal levels under

the β̄ = ε regime to satisfy the patentability requirement.9 Hence the following observation:

Observation 5. A more stringent patent regime, for which only innovations with a degree

of innovativeness greater than β̄ are patentable, can stimulate firms’ investments.

This observation reveals that a policy-maker can use the non-obviousness requirement to

reduce, possibly eliminate, the inefficiency highlighted in Observation 3. It remains to be

seen whether a more stringent patent regime may affect firms’ technological choices inducing

them to invest in different projects. Our last observation, the most relevant among all the

observations obtained in our general setting, goes in this direction:

Observation 6. If for some level of firms’ innovation, industrial profits gross of the invest-

ment costs are larger when both firms hold a patent than when only one firm holds a patent,

9It should be noted that for a sufficiently high β̄, one or both firms may decide not to invest. In particular,
in this extreme scenario, it may happen that for β̄ beyond a certain threshold, one of the two firms prefers not
to invest while the other continues to do so. In this case, the firm that continues to invest would experience
an increase in profits since it would compete with a rival offering a lower quality. The illustrative model will
help us to elaborate better on this extreme case.
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formally if πi(β, β) + πj(β, β) > πi(β, 0) + πj(β, 0), then there exists a level β̃ such that for

β̄ ≥ β̃ firms invest in different technological territories.

Proof. In order to prove this final observation, it is useful to highlight the impact of a

more stringent patent regime on firms profits. As β̄ increases, firms tend to invest more to

comply with the stricter requirement for patentability and this clearly reduces their profits

compared to the β̄ = ε regime. More specifically, when βc < β̄ ≤ βn, the patent regime

distorts firms’ R&D choices only when they are active in the same technological territory; a

further increase in the non-obviousness requirement reduces firms profits even more. When

β̄ > βn, a further increase in β̄ distorts firms’ investment both when they are active in the

same territory and when they are active in different territories; firms profits decrease with β̄

in both technological settings.

Formally, assuming that the patent system is not so stringent as to induce firms not to

invest, we can write that:

∂EΠc(β̄, β̄)

∂β̄
< 0 and

∂EΠn(β̄, β̄)

∂β̄
= 0, for βc < β̄ ≤ βn (7)

and
∂EΠc(β̄, β̄)

∂β̄
< 0 and

∂EΠn(β̄, β̄)

∂β̄
< 0 for β̄ > βn. (8)

Hence, EΠc(β̄, β̄) and EΠn(β̄, β̄) are (weakly)monotonic decreasing functions, with

EΠc(β̄, β̄) > EΠn(β̄, β̄) for β̄ < βc; a necessary condition for the two firms to choose to invest

in different technological areas is the existence of a level β̃ such that EΠn(β̃, β̃) = EΠc(β̃, β̃);

if this happens, then for β̄ > β̃, EΠn(β̄, β̄) > EΠc(β̄, β̄), and firms choose different techno-

logical areas.10

If β̃ exists, two possible cases may occur, as visually highlighted by Figure 1. In case

(a), β̃ lies between βc and βn; in case (b), β̃ is greater than βn. Due to conditions (7),

in case (a) the necessary and sufficient condition for there to be an intersection is that

EΠn(βn, βn) > EΠc(βn, βn). Using expressions (1) and (2), this condition boils down to:

2πi(β
n, βn) > πi(β

n, 0) + πi(0, β
n).

10In principle, it may happen that there exist more β̃’s such that EΠn(β̃, β̃) = EΠc(β̃, β̃). This doesn’t
alter our message, provided that what matters to us is that there is at least one value of β for which this
equality holds; when this occurs, there exists at least a value of β̄ such that EΠn(β̄, β̄) > EΠc(β̄, β̄) .
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βc βn β̃

(a) (b)

Figure 1

If this condition is verified, there exists a level of β̃ ∈ (βc, βn] such that

2πi(β̄, β̄) > πi(β̄, 0) + πi(0, β̄)

for any β̄ > β̃.

In case (b), β̃ > βn, where β̃ solves EΠn(β̃, β̃) = EΠc(β̃, β̃). When this occurs, then for

β̄ > β̃ EΠn(β̄, β̄) > EΠc(β̄, β̄). Using expressions (1) and (2), this condition boils again

down to:

2πi(β̄, β̄) > πi(β̄, 0) + πi(0, β̄).

Hence, a necessary and sufficient condition for cases (a) and (b) to occur is that for

some levels of firms innovation 2πi(β, β) > πi(β, 0) + πi(0, β); in our symmetric setting,

πi(β, β) = πj(β, β) and πi(0, β) = πj(β, 0), from which the observation follows.

With a mild requirement for patentability, as in the case β̄ = ε, when firms operate in the

same technological area they tend to invest less than when they operate in different areas.

Given the convexity of the investment function, less investment means significantly lower

costs; this makes it preferable for firms to compete in R&D activities, even at the risk of

failing to obtain a patent in case of success. When the requirement for patentability becomes

more stringent, firms are induced to invest more to obtain a patentable innovation both in

the case of competing and non-competing innovations; this increases R&D costs and makes
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the choice of operating in the same technological area less and less advantageous compared

to operating in different technological areas, to the point that firms may prefer the latter

situation to the former.

The message of our model is therefore clear: under relatively mild conditions on firms’

gross profit functions, raising the bar of the requirements for the patentability of innova-

tions can represent an effective tool for stimulating firms investments and directing their

technological choices.

4 An illustrative model of process innovations

We can now illustrate our theory by applying the above general framework to the specific

setting in which firms invest in process innovation and compete á la Cournot.11 The timing

is as above: in the first stage, firms choose between the two alternative projects a and b (i.e.

firms decide the technological territory of their R&D). In the second stage they decide how

much to invest and, finally, compete in the product market.

More specifically, we assume that in the second stage, firms invest I(βk) = β2
k/2, k = i, j

to develop a process innovation which, in case of success, reduces a firm’s marginal cost

of production from c to c − βk, where c can be interpreted as the current/pre-innovation

technology. Innovation is uncertain and, as before, we indicate with p ∈ (0, 1) the probability

of success in developing the innovation, assumed to be the same for both projects.

Firms compete in quantities; market demand is linear, t = v−qi−qj, with v > 012; qi and

qj the levels of output produced by the two firms and t is the price. Given this framework,

firms’ second stage profits, gross of the R&D investment, in the three possible scenarios that

can occur at the competition stage (both firms hold a patent, only one firm holds a patent,

neither firm hold a patent) can be easily determined. Formally, if both firms hold a patent

protecting a technology of quality βi and βj, profits gross of the R&D costs are

πi(βi, βj) =
(v − c+ 2βi − βj)2

9
, and πj(βi, βj) =

(v − c+ 2βj − βi)2

9
. (9)

If only one firm holds a patent, let us say firm i, firms get

πi(βi, 0) =
(v − c+ 2βi)

2

9
, and πj(βi, 0) =

(v − c− βi)2

9
, (10)

11Results hold under different models of competition and innovation, such as price competition with
differentiated goods and product innovation.

12Clearly, we assume that v > c.
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respectively. Finally, when neither firm hold a patent, they both get

πi(0, 0) = πj(0, 0) =
(v − c)2

9
.

Given these payoffs, it is easy to observe that Assumptions 1 and 2 are satisfied.13 For

later scopes, it is useful to compute the consumer surplus in the three scenarios occurring

at the competition stage. It turns out that with linear demand and process innovations, the

consumer surplus when both firms hold a patent is

CS(βi, βj) =
(2(v − c) + βi + βj)

2

18
,

when only firm i holds a patent is

CS(βi, 0) =
(2(v − c) + βi)

2

18
,

and when neither firm hold a patent is

CS(0, 0) =
2(v − c)2

9
.

Using these expressions, it is straightforward to observe that Assumption 3 is satisfied.

4.1 The equilibrium with a patent regime of maximum extension

Consider the scenario characterized by an extremely generous patent system, such that also

negligible inventions are patentable. If both firms invest in the same research project, they

will eventually develop competing technologies. Instead, if they opt for different projects,

they will develop non-competing technologies. In the former case, the PTO grants patent

13Standard calculations reveal that:

∂πi(βi, 0)

∂βi

∣∣∣∣
βi=β

≡ 4(v − c+ 2β)

9
>

4(v − c+ β)

9
≡ ∂πi(βi, β)

∂βi

∣∣∣∣
βi=β

;

using these expressions it immediately follows that

∂πi(βi, 0)

∂βi

∣∣∣∣
βi=β

< 2
∂πi(βi, β)

∂βi

∣∣∣∣
βi=β

.

Assumption 1 is therefore satisfied. Moreover, for any given level βi = βj = β, it is easy to check that
Assumption 2 holds.
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protection only to one of the two applicants; we assume that when both succeed and develop

the invention, each firm as a probability 1/2 to get the patent. In the latter case, both firms

can protect their innovations when they succeed.

It is possible to verify that the observations of our general theory are satisfied. Following

the same order, let us start with Observation 1. Solving the firms’ second-stage maximization

problems, it turns out that the equilibrium level of innovation is the largest when firms are

active in different technological territories than when they compete in the same project.

Remark 1. When firms compete à la Cournot with linear demand and invest in process in-

novations, R&D investments are higher under non-competing technologies than under com-

peting technologies:

βn ≡ 4p(v − c)
9− 8p+ 4p2

>
2(2− p)p(v − c)

9− 8p+ 4p2
≡ βc.

Proof. Substituting the gross profit functions derived above back into expressions (1) and

(2), it turns out that the expected profit functions with competing and non-competing tech-

nologies are

EΠc
i(βi, βj) =

(
p2

2
+ p(1− p)

)(
(v − c+ 2βi)

2

9
+

(v − c− βj)2

9

)
+

(1− p)2 (v − c)2

9
− β2

i

2
, (11)

and

EΠn
i (βi, βj) =p2

(v − c+ 2βi − βj)2

9
+ p(1− p)

(
(v − c+ 2βi)

2

9
+

(v − c− βj)2

9

)
+

(1− p)2 (v − c)2

9
− β2

i

2
, (12)

respectively. Firms choose βi and βj to maximise these profits. Solving the system of f.o.c.s in

the two scenarios, the symmetric equilibrium levels of innovation βc and βn can be obtained.

It is easy to see that βc < βn.14

The second and third observations are about social efficiency. Note that in our general

theory, we have only been able to characterise the consumer surplus (see Observation 2); in

the illustrative model, however, we know the functional forms of firms’ profits and consumer

14Notice that the assumption of myopic PTO ensures firms do not have any incentives to deviate from
their equilibrium levels of investments.

20



surplus, therefore we can accurately evaluate the overall efficiency of the market with com-

peting and non-competing technologies. Using the values βc and βn defined in Remark (1),

it follows that

Remark 2. Under very mild patentability requirements, when firms compete à la Cournot

with linear demand and invest in process innovations: i) consumer surplus and social welfare

are larger when firms invest in different technological areas, and ii) firms do not invest

efficiently.

Proof. Plugging βc and βn into the consumer surplus functions CS(βi, βj), CS(βi, 0) and

CS(0, 0) occurring at the competition stage, and then plugging them back into expressions

(5) and (6), the expected consumer surpluses when firms invest in the same and in different

technological territories are

ECSc(βc, βc) =
2(81− 144p+ 208p2 − 192p3 + 118p4 − 42p5 + 7p6)(v − c)2

9(9− 8p+ 4p2)2
,

and

ECSn(βn, βn) =
2(81− 144p+ 208p2 − 120p3 + 56p4)(v − c)2

9(9− 8p+ 4p2)2
,

respectively. It is possible to check that ECSc < ECSn ∀ p ∈ (0, 1).

The expected social welfare is the sum of firm’s expected profits and consumer surplus;

hence, expected social welfare in regime ` = n, c is EW `(βi, βj) = EΠ`
i(βi, βj)+EΠ`

j(βi, βj)+

ECS`(βi, βj). Using the profit functions given in expressions (1) and (2) and the consumer

surplus functions in expressions (5) and (6), the expected social welfare conditional on βi

and βj when firms invest in the same and in different technological areas are

EW c(βi, βj) =
4(v − c)2

9
+

2(2− p)p(v − c)(βi + βj)

9
+

11(2− p)p
(
β2
i + β2

j

)
36

−
β2
i + β2

j

2
, (13)

and

EW n(βi, βj) =
4(v − c)2

9
+

4p(v − c)(βi + βj)

9
+
p(11(β2

i + β2
j )− 14βiβjp)

18
−
β2
i + β2

j

2
, (14)

respectively. Plugging βc and βn into these functions, the expected social welfare with

competing and non-competing technologies are therefore:

EW c(βc, βc) =
2 (5p6 − 30p5 + 110p4 − 240p3 + 344p2 − 288p+ 162) (v − c)2

9 (4p2 − 8p+ 9)2
,
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and

EW n(βn, βn) =
4 (20p4 − 84p3 + 172p2 − 144p+ 81) (v − c)2

9 (4p2 − 8p+ 9)2
.

Simple calculations show that EW c(βc, βc) < EW n(βn, βn) ∀ p ∈ (0, 1). This proves part

i) of the remark.

Expressions (13) and (14) are concave in βi and βj; the socially optimal investment levels

can be obtained by solving the first order conditions for welfare maximisation:

βcw =
(v − c)(4− p)p
9− 11p+ 4p2

, and βnw =
4(v − c)p

9− 11p+ 7p2
.

It is possible to check that βcw > βc and βnw > βn. This completes the proof of the remark.

Observation 4, the last one concerning the model with the mild patent regime β̄ = ε, is

about the firms decision on the direction of their R&D activities. Comparing firms expected

profits when they compete in the same technological area and when they operate in different

areas, it follows that:

Remark 3. When firms compete à la Cournot with linear demand and invest in process

innovations, at the equilibrium they invest in the same technological area.

Proof. Plugging βc and βn in the expected profit functions, firms profits at the equilibrium

are

EΠc(βc, βc) =
(v − c)2(81− 144p+ 136p2 − 48p3 − 8p4 + 12p5 − 2p6)

9(9− 8p+ 4p2)2
, (15)

and

EΠn(βn, βn) =
(v − c)2(81− 144p+ 136p2 − 48p3 − 16p4)

9(9− 8p+ 4p2)2
. (16)

Simple algebra is enough to prove that EΠn(βn, βn) < EΠc(βc, βc) for any p ∈ (0, 1).

Remarks 2 and 3 are the core of our analysis of a regime with mild patentability re-

quirements. They highlight a misalignement between private and social incentives towards

research and development. On the one hand, independently on their technological choice,

firms underinvest w.r.t. the social optimum. Underinvestment is due to the fact that firms

fail internalizing the effects of innovations on consumers. Both when operating in the same

and in different technological areas, these effects on consumer surplus are predominant and

failing internalizing them implies lower firms investments in equilibrium.

On top of the underinvestment problem, firms allocate R&D efforts inefficiently, choosing

to invest in the same project rather than in different projects, as social efficiency would
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require. Observation 4 is more general than it may seem. It states that this inefficiency

in firms technological trajectories emerges as an equilibrium if the cost function I(·) is

sufficiently convex. In our illustrative model we show that this technical requirement is

indeed quite mild, as it holds with a standard quadratic cost function.

In the next subsection, we will analyze the effect of a policy that strengthens non-

obviousness by requiring firms to develop innovations with higher economic value in order

to be patentable. Our goal is to understand whether such a policy could, by altering firms’

incentives, induce coordination of R&D efforts in non-competing technologies.

4.2 Non negligible non-obviousness requirement

Suppose that the non-obviousness requirement for patentability is set at β̄ > 0. As a

consequence, firms failing to develop an innovation with a value equal or larger than β̄

will not be granted patent protection. In case a firm develops a non-patentable innovation,

imitation occurs instantaneously and at no cost.

From the discussion in the general model we know that the non-obviousness requirement

affects firms’ R&D choices only if β̄ > βc, as firms would keep investing as in the β̄ = ε regime

otherwise. Two scenarios can occur: i) βc < β̄ < βn, i.e., the requirement for patentability

is binding only when firms invest in the same technological territory, and ii) βn ≤ β̄, i.e., the

requirement is always binding. In both cases, when the requirement is binding firms must

invest more to obtain a patentable innovation; hence a stricter regime stimulates firm R&D

(Observation 5). There is a limit about where to place the bar for patentability though; if

the regime is too strict, in fact, firms may prefer not to invest - and to produce with the

current technology - or to invest a smaller amount - and accept to be imitated by the rival

in case of success in developing a non-patentable innovation.

Unlike the general theory, in the illustrative model we are able to fully characterise firms

investment decisions also when the patent regime is very stringent. When β̄ gets larger, firms

must increase their investments to comply with the stricter requirement for patentability;

firms invest more - and incur in higher R&D costs - up until when one firm finds it profitable

to unilaterally deviate by investing less then β̄. In doing so, the (certain) reduction in R&D

costs more than compensates for the lower (expected) profits that the deviating firm obtains

by giving up on obtaining the patent and by accepting, if successful, the risk of being imitated

by the (unsuccessful) rival. The Nash equilibrium in R&D levels is asymmetric, with one

firm investing β̄, and the other investing less. For an even more stringent patent system,

both firms may find optimal to deviate and the equilibrium is characterised by both firms
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investing less. More specifically, we are able to prove the following:

Remark 4. When β̄ > β̂`, with ` = c, n: i) one firm deviates and invests less than β̄, where

β̂c =
p
(
p(4(6− p)p− 41) +

√
p(p(4p(p(2(75− 13p)p− 353) + 372) + 13)− 1440) + 1296 + 36

)
(v − c)

(4(p− 2)p+ 9)(p(5p− 8) + 9)

β̂n =
2p
(
2p2 − 4p+ 3

(√
27− 6p+ 6

))
(v − c)

4p4 − 16p3 + 88p2 − 90p+ 81
,

with β̂` > β`, and ii) if β̄ > ˆ̂β` both firms deviate, where:

ˆ̂βc =
2p
(√

2(324− 24p5 + 179p4 − 527p3 + 881p2 − 783p) + 8p2 − 16p+ 18
)

(v − c)

(9− 8p) (4p2 − 8p+ 9)
,

ˆ̂βn =
2p
(

(9− 2p)
√

2p(2p(p(9p− 8) + 26)− 153) + 486− 8p3 + 26p2 − 72p+ 162
)

(v − c)

729− 4p(p(2p(p(5p− 18) + 4)− 81) + 243)

Proof. When firm j invests β̄, firm i’s expected payoffs from deviation can be written as15

EΠc
i(βi, β̄) = pπi(0, β̄) + p(1− p)πi(βi, βi) + (1− p)2πi(0, 0)− β2

i (17)

when firms invest in competing innovations, and

EΠn
i (βi, β̄) = p2πi(βi, β̄ + βi) + p(1− p)

(
πi(βi, βi) + πi(0, β̄)

)
+ (1− p)2πi(0, 0)− β2

i (18)

with non-competing innovations. Notice that when firms invest in non-competing innovations

and both succeed in the R&D stage, the latter can use both innovations as the deviating

firm’s innovation is not protected by a patent.16 In contrast, the former can only adopt the

technology developed independently. Using the above expressions, it turns out that when

firms are active in the same technological territory the optimal deviation is to invest the same

level of R&D the firms undertake under a mild patent regime, βcdev = βc, while they invest

less than under a mild patent regime in the case of non-competing technologies, βndev ≤ βn,

where

βndev =
2p(v − c− pβ̄)

9− 2p
.

In the appendix, we show that these deviations are profitable if and only if they guarantee

15The full derivation of each element of these expressions is in the Appendix.
16In our illustrative model, firms invest in process innovations. We assume that the firm that uses both

innovations is able to reduce its marginal cost by an amount equal to the sum of the two innovative tech-
nologies.
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more profits than complying with the patenting requirement - i.e., when EΠ`
i(β

`
dev, β̄) >

EΠ`(β̄, β̄), with ` = c, n. This happens when β̄ > β̂` where:

β̂c =
p
(
p(−4(p− 6)p− 41) +

√
p(p(4p(p(2(75− 13p)p− 353) + 372) + 13)− 1440) + 1296 + 36

)
(v − c)

(4(p− 2)p+ 9)(p(5p− 8) + 9)

β̂n =
2p
(
2p2 − 4p+ 3

(√
27− 6p+ 6

))
(v − c)

4p4 − 16p3 + 88p2 − 90p+ 81
.

Notice that β̂` > β`. For completeness, in the appendix, we also show that if the re-

quirement is even more stringent - i.e., β̄ >
ˆ̂
β` > β̂`, both firms decide to drastically reduce

investments in innovation and forego patent protection. This happens when also the other

firm finds deviating profitable.

Remark 4 fully characterises firms investment decisions in the two possible scenarios and

shows how these decisions are influenced by the degree of strictness of the patent regime.

The last issue that remains to be investigated with our illustrative model concerns the use

of β̄ to affect firms’ technological choices in stage 1. Remark 3 states that, with a negligible

non-obviousness requirement, firms invest in the same technological territory and develop

competing technologies; hence, one may wonder whether a stricter regime can induce firms

to choose different territories, thus increasing the overall amount of innovation. In order to

discuss this issue, it is useful to provide a detailed description of the expected profits enjoied

by the two firms as a function of β̄, in the two cases of firms active in the same territory and

in different territories. Using Remark 4, these profit functions are

EΠ`
i(β̄) =



EΠ`
i(β

`, β`) if β̄ ≤ β`

EΠ`
i(β̄, β̄) if β` < β̄ ≤ β̂`

EΠ`
i(β

l
dev, β̄) if β̂` < β̄ ≤ ˆ̂β`

EΠc
i(0, 0) if β̄ > ˆ̂β`

with ` = n, c,

where EΠc
i(β

c, βc) and EΠn
i (βn, βn) are given in expressions (15) and (16), EΠn

i (βn, βn) and

EΠn
i (βn, βn) are given in expressions (11) and (12) where βi = βj = β̄, and finally, where
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0 β̄

EΠ(β̄)

EΠn(β̄)

βn β̂n ˆ̂
βn

0 β̄

EΠ(β̄)

EΠc(β̄)

βc β̂c ˆ̂
βc

Figure 2: Total profits of the two firms when choosing non-competing (left) and competing
(right) technologies, conditional on the non-obviousness requirement β̄.

EΠc
i(0, 0) = EΠn

i (0, 0) = (v−c)2
9

, and

EΠc
i (β

c
dev, β̄) =

1

9

(
(2(p− 2)p(p(p(6(p− 3)p+ 29)− 16) + 36) + 81)(v − c)2

(4(p− 2)p+ 9)2
− β p(2(v − c)− β)

)
EΠn

i (βndev, β̄) =
1

9

(
β2p

(
9− 2p(1− p2)

)
+ (9− 2(1− p)p)(v − c) ((v − c)− 2βp)

(9− 2p)

)
.

Figure 2 provides a graphical representation of firms expected profits in the two scenarios.

If we superimpose these two figures, we can easily find under which conditions firms choose

to invest in different technological areas in the first stage of the game. Formally, we can

prove the following remark:17

Remark 5. Assume firms compete à la Cournot with linear demand and invest in process

innovations. If R&D activities are sufficiently uncertain, that is if p ≤ (7−
√

13)/4(≈ 0.84),

then firms choose to invest in different technological territories if β̄ ∈ (β̃, 2(v − c)/3], where

β̃ =
(v − c)p

(
(2− p)(9− 4(2− p)p) +

√
p(p(8p(p(2(p− 8)p+ 97)− 218) + 2097)− 1188) + 324

)
(4(p− 2)p+ 9)(5(p− 2)p+ 9)

.

17It should be noticed that Remark 5 confirms the condition for Observation 6 to hold. Using the expres-
sions of firms’ gross profits given in (9) and (10), it follows that for βi = βj = β, industrial profits when both
firms hold a patent, πi(β, β) + πj(β, β) can be greater than the industrial profits when only one firm holds
a patent, πi(β, 0) + πj(β, 0), if and only if p < (7−

√
13)/4.
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0 β̄

EΠ(β̄)

EΠc(β̄)

EΠn(β̄)

βc βn β̂n β̂cβ̃
0 β̄

EΠ(β̄)

EΠc(β̄)

EΠn(β̄)

βc βn β̂n β̂c

p < (7−
√

13)/4 p > (7−
√

13)/4

Figure 3: Remark 5

Proof. This remark can easily be proved graphically. Figure 3 compares the two profit

functions EΠc(β̄) and EΠn(β̄) in the two relevant cases, namely for p < (7 −
√

13)/4 and

p > (7−
√

13)/4, where (7−
√

13)/4 ≈ 0.84.

Let us consider the case with p < (7 −
√

13)/4 first; when this occurs, the condition

EΠc(β̄) = EΠn(β̄) has two solutions. Using expressions (11) and (16), it is possible to check

that EΠc
i(β, β) = EΠn

i (βn, βn) for β = β̃, where β̃ < βn if p < (7−
√

13)/4. On top of that,

from expressions (15) and (16) it follows that EΠc
i(β̄, β̄) = EΠn

i (β̄, β̄) for β̄ = 2(v − c)/3.

We known that when β̄ = ε, EΠc(β̄) > EΠn(β̄) and that firms’ expected profit functions

are weakly monotonic decreasing functions; hence, it follows that for β̄ ∈ (β̃, 2(v − c)/3],

EΠn(β̄) > EΠc(β̄). When this condition occurs, firms choose different territories in the first

stage.

Consider now the case with p > (7 −
√

13)/4. It is possible to check that EΠc(β̄) >

EΠn(β̄) for any value of β̄. Hence, when p > (7 −
√

13)/4 firms never choose different

territories in the first stage. Finally, when p = (7 −
√

13)/4, β̃ = βn = 2(v − c)/3; in this

case, EΠc(β̄) = EΠn(β̄) for β̄ = β̃, and EΠc(β̄) > EΠn(β̄) otherwise. See Figure 4 for

a graphical representation of the region of parameters in which a policy would effectively

induce firms to invest in non-competing technologies.

Remark 5 shows that unless R&D is too certain, there exists a level of non-obviousness

such that when the legal requirement is above this threshold, firms’ profits under competing
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technologies
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technologies
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√
13

4
1

β̃

Figure 4: The direction of firms’ R&D

technologies are lower than those profits under non-competing technologies, and firms are

induced to invest in different technological territories. In other words, the policy-maker

can use the degree of non-obviousness as an instrument to induce forms to differentiate the

direction of their technological choices.

Figure 4 provides a graphical illustration of Remark 4 and it shows how the patentability

requirement should be adjusted in relation with the degree of R&D uncertainty. In detail,

when the probability of success is very low, a relatively mild non-obviousness requirement is

enough to induce firms to invest in different technological. As the probability of success gets

larger, the non-obviousness requirement must be increased accordingly to make the policy

effective. In the extreme case p is very high, the policy-maker cannot induce any change in

the direction of firms’ R&D and the two companies invest in the same technological areas.

This result carries important policy implications, as it suggests that an effective policy should

be designed to account for the risk profile of the innovative projects and should become more

stringent the less risky the R&D process.

Figure 4 also shows that a too strict requirement for patentability (β̄ > 2(v − c)/3) is

ineffective, as firms go for competing technologies - and they forgo investing in innovation

as much as necessary to meet the non-obviousness requirement as this is too expensive.

A final note on the welfare effect of a policy as described in Remark 5. By inducing firms

to differentiate their R&D activities, the policy favours the development of innovations that

are not in competition for patent protection. This has two major welfare effects. On the
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one hand, consumers may benefit from more innovative products; on the other, the risk of

duplication of R&D efforts is eliminated. As a result, inducing technological differentiation

through a more a stringent requirement for patentability is socially desirable.18

Corollary 1. A policy that induces firms to invest in different areas has two desirable effects:

it favors the development of more innovations; second, it eliminates inefficient duplication

of research efforts. The policy

5 Discussion and concluding remarks

In this paper, we propose a novel theory regarding the role of the patentability requirement

for innovations. We show that this requirement may represent an effective policy instrument

to reduce firms’ underinvestment in R&D and, crucially, to influence the direction of these

investments. Absent patent protection, the threat of imitation reduces firms’ incentives to

invest in innovative projects and generates the so-called hold-up problem (Arrow, 1962).

Patents may help solving the hold-up by ensuring appropriability of intellectual property.

Yet, in this paper, we show that in the context of simultaneous innovations – which is a

common feature in highly standardized sectors (Kultti et al., 2006) – an extremely generous

patentability requirement is not enough to ensure efficiency. Furthermore, patents induce

firms to engage in patent races, thus generating a further inefficiency due to the associated

duplication of R&D. Hence, an efficient patent system should not only stimulate firms to

invest efficiently but it should also induce them to diversify their investments.

We show that the policy-maker can find a balance between these goals by strengthening

the patentability requirement. With a stricter non-obviousness requirement, only innovations

of sufficiently high economic value are considered for patent protection. Thus, provided that

the requirement is not implausibly strict, the first direct effect of such a regime would be to

mitigate underinvestment in R&D. This paper suggests that, under some conditions, raising

the bar for patentability may also achieve a second, indirect effect, which is to alter the

firms’ decision about the direction of their R&D projects.

We reinforce our theoretical analysis by presenting an illustrative model based on a

standard framework of firms investing in process innovations with quadratic R&D costs. In

the model, we show that if the R&D projects are not too certain, there always exists a

18This can be easily seen using expressions (13) and (14); we have that EW c(β̄, β̄) < EWn(βn, βn) when
β̄ ∈ (β̃, βn] and EW c(β̄, β̄) < EWn(β̄, β̄) when β̄ > βn.
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threshold for the patentability requirement such that firms are induced to invest in different

technological areas.

We recognise that, from a practical perspective, defining the non-obviousness requirement

can be a hard challenge. The economic value of innovations is not immediately clear, and

it may be difficult for firms to interpret the PTOs guidelines, as well as for PTOs commis-

sioners to evaluate patent applications. Nevertheless, our analysis offers some guidance to

help policy-makers in setting the correct requirement. Our theory suggests that the policy

should take into account the level of uncertainty in R&D; the illustrative model goes a bit

further along this direction and shows that the policy-maker should focus above all on the

riskiest projects, which are those for which an increase in the requirements for patentability

is more likely to induce technological differentiation.
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A Mathematical Appendix

Additional Proof of Remark 4. We derive the payoffs from deviation in each subgame

in both scenarios (competing and non-competing technologies).

Let us first consider the case with competing technologies. Intuitively, the deviating firm

- i.e., the firm that lowers its investment below the non-obviousness requirement - can use

its technology only if it succeeds in the R&D stage, while the rival fails. Indeed, if the rival

succeeds at the R&D stage (with probability p), it would receive a patent, and because the

two technologies belong to the same territory, the deviating firm has to give up its own

technology to avoid infringements. Instead, if the rival fails (with probability 1 − p) in the

previous stage, the deviating firm can use its technology only if it is successful, which is also

costlessly imitated by the rival. Hence, the deviating firm’s payoffs in equation (17) are:

πi(0, β̄) =
(v − c− β̄)2

9
,

in the former case, and

πi(βi, βi) =
(v − c+ βi)

2

9
,

in the latter.

Consider now the case where firms are investing in different territories. The deviating

firm can always use its own low-quality technology, as it never infringes the rival patent.

However, the rival will always imitate the deviating firm and, when possible, adopt both

the patented and the non-patented innovations: the two process innovations add each other

up and the firm produces with c − βi − βj marginal cost. The deviating firm’s payoffs in

equation (18) are therefore:

πi(βi, β̄ + βi) =
(v − c+ βi − βj)2

9

if both succeed, whereas πi(0, β̄) and πi(βi, βi) as derived above, if only one firm succeeds.
Using these payoffs in equations (17) and (18), we obtain:

EΠc
i (βi, β̄) =

1

9

(
p(v − c− β̄)2 + p(1− p)(v − c+ βi)

2 + (1− p)2(v − c)2
)
− β2

i

2

EΠn
i (βi, β̄) =

1

9

(
p2(v − c+ βi − β̄)2 + p(1− p)

(
(v − c+ βi)

2 + (v − c− β̄)2
)

+ (1− p)2(v − c)2
)
− β2

i

2

which are concave in βi. By solving the first order conditions, we obtain the deviating level

of investments βcdev and βndev shown in the proof of Remark 4 in the text.
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The deviation-thresholds β̂c and β̂n are the solutions of to the two conditions Eπci (β̄, β̄) =

Eπci (β
c
dev, β̄) and Eπni (β̄, β̄) = Eπni (βndev, β̄), where

EΠc
i (β

c
dev, β̄) =

1

9

(
(2(p− 2)p(p(p(6(p− 3)p+ 29)− 16) + 36) + 81)(v − c)2

(4(p− 2)p+ 9)2
− β p(2(v − c)− β)

)
,

EΠn
i (βndev, β̄) =

1

9

(
β2p

(
9− 2p(1− p2)

)
+ (9− 2(1− p)p)(v − c) ((v − c)− 2βp)

(9− 2p)

)
.

The second set of thresholds ˆ̂βc and ˆ̂βn represent the cut-off value of the non-obviousness

requirement above which both firms want to deviate from complying with the patent policy

and give up patent protection. This region of parameters is outside our area of interest, as

a patent requirement approximating these values would simply be too stringent and, hence,

extremely inefficient. For tractability, we simplify the strategy of the two firms above these

thresholds assuming they forego R&D investments at all. This assumption comes at no cost

in our analysis.

To derive ˆ̂βc and ˆ̂βn, consider the payoff of the firm that does not deviate from β̄. Its

expected profit functions in the two scenarios are:

EΠc
j(βi, β̄) = p πj(0, β̄) + p(1− p)πj(βi, βi) + (1− p)2πj(0, 0)− β̄2

2

if the two firms invest in competing technologies, and:

EΠn
j (βi, β̄) = p2 πj(βi, β̄ + βi) + p(1− p)

(
πj(0, β̄) + πj(βi, βi)

)
+ (1− p)2πj(0, 0)− β̄2

2

otherwise, where:

πj(0, β̄) =
(v − c+ 2β̄)2

9
, πj(βi, βi) =

(v − c+ βi)
2

9
, and πj(βi, β̄ + βi) =

(v − c+ 2β̄ + βi)
2

9
.

Using βi = βcdev and βi = βndev, and solving EΠc
j(βi, β̄) = πj(0, 0) and EΠn

j (βi, β̄) = πj(0, 0),

the two thresholds are

ˆ̂
βc =

2p
(

8p2 +
√

2(−24p5 + 179p4 − 527p3 + 881p2 − 783p+ 324)− 16p+ 18
)

(v − c)

(9− 8p) (4p2 − 8p+ 9)
,
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and

ˆ̂
βn =

2p
(
−8p3 + 26p2 − 72p+ (9− 2p)

√
2p(2p(p(9p− 8) + 26)− 153) + 486 + 162

)
(v − c)

729− 4p(p(2p(p(5p− 18) + 4)− 81) + 243)
.
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