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Abstract

Comparing investment levels with and without legal protection is of major im-

portance. We show in this paper theoretical and experimental results presenting cir-

cumstances under which the absence of protection is more conducive to investment.

Focusing on the application to innovation, in an infinite horizon model where an inno-

vator faces repeatedly the same imitators, we first show that any level of investment

profitable under legal protection can be part of an equilibrium in its absence: the par-

asites limit their imitation to preserve the innovator’s incentives to invest. Second, we

show that the innovator might invest more than under legal protection: he is forced

to invest more to keep the parasites satisfied and thus cooperative. The experimental

results confirm that subjects indeed invest more when protection does not exist and,

furthermore, in a fashion consistent with the theory. It also shed lights on equilibrium

selection issues.

1 Introduction

Understanding how legal rules and informal institutions affect investment choices is of major

importance. Case studies have shown how the emergence of norms substituting for legal

institutions can encourage investment. For instance, in an historical framework, Greif (1993)

show how social norms were able to sustain investment in the absence of contract enforcement

by courts. More recently this question has been at the center of the debate on the need for

∗London Business School
†Sciences-Po Paris
‡Sciences-Po Paris

1



patents to encourage investments in innovation. In this paper we revisit this question and

show that legal protection is not a necessary condition to observe positive levels of investment

and that it can actually lead to higher levels of investment.

We study the infinitely repeated interaction between investors and agents, whom we call

parasites, who can potentially expropriate the stochastic outcome of the investment. For

most of the paper, we will refer to and study more specifically the context of investment in

innovation, although the applications are in principle more numerous. Our theoretical model

shows that in such an environment, investment will occur even without legal protection and

possibly at a higher rate than with legal enforcement.

The key ideas will be the following. In the absence of legal protection imitators rationally

choose not to be too aggressive, in an effort to preserve the other party’s incentives to invest

(parasites rationally refrain from killing their host). Moreover, the investors may invest more

than they would under legal protection, in order to increase the promise of future earnings

and thus keep parasites satisfied and cooperative.

There is some empirical evidence consistent with the idea that the absence of protection

can lead to higher rates of investment. Boldrin and Levine (2008) and Bessen and Hunt

(2007) argue, for instance, that the software industry was more innovative before the intro-

duction of patents.1 However, interpreting such an empirical evidence as a showing a causal

relation between the absence of patents and higher investment in innovation is challenging

since we cannot observe the investment levels under the counterfactual scenario. Therefore,

in the second part of the paper we provide some controlled experimental evidence capable of

overcoming the identification challenge by artificially creating two different institutional en-

vironment. In particular, in the experiment we have two main treatments in which potential

investors respectively face a situation of legal monopoly on the outcome of their investment

or a situation of absence of legal protection where they can be expropriated by a parasite

(via aggressive pricing). Consistenly with our theoretical intuition, as shown in figure 1, the

average investment in the treatments reproducing the legal monopoly environment is slightly

lower than in the treatments with no legal protection.

Consider as further example the firm Red Hat, a hugely successful company created in

1993. It was at its stock market introduction, one of the biggest IPOs in the NASDAQ and

since 2009 is part of the S&P500, has over 3000 employees and boasts revenues of over 500

million dollars. For many, this success is puzzling, since the company’s business model is

based on open source software. Most of Red Hat’s revenues come from the sale to companies

of subscriptions including their own pre compiled version of the open source operating system

1A process that started in the US with the Supreme Court decision Diamond vs Diehr in 1981
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Linux, called Red Hat Enterprise Linux, and support services.2

Two facts are particularly striking. First, as acknowledged in Red Hat’s annual report:

“anyone can copy, modify and redistribute Red Hat Enterprise Linux (...) however they are

not permitted to refer to these products as Red Hat”. Numerous clones do indeed exist,

but appear to avoid competing aggressively and do not gain much market share. Second, in

spite of a potentially extremely competitive environment, Red Hat invests a lot in research.

According to a report from the Linux Foundation, Red Hat is the biggest single contributor

to the Linux Kernel (excluding unaffiliated contributors), and pays the salaries of many of

the top contributing individuals.

It seems plausible that clones of Red Hat rationally choose not to be too aggressive, in

an effort to preserve Red Hat’s incentives to keep investing in research.3 At the same time,

Red Hat may, in the absence of patents, innovate more than it would have in their presence,

in order to maintain clones’ incentive not to be too aggressive.

In the rest of the paper, we develop a theoretical model to determine under what condi-

tions this intuition is correct and as we already mentioned we test the main models’ prediction

by resorting to a controlled lab experiment.

The basic structure of the model goes is follows. We consider a serial innovator facing

n imitators, who, once an innovation is introduced on the market, can immediately copy it

at no cost. These players interact in an infinite horizon game. The innovator determines an

initial fixed investment and flow investment every period. The level of investment determines

the probability of obtaining an innovation in each period. If obtained the innovation has a

lifespan of exactly one period. We compare a situation with patents, where the innovator

just collects monopoly profits if successful and a model without where following a success,

all n + 1 firms choose a price and a maximum quantity to supply, allowing for an uneven

split of profits if desired.

We show that, regardless of the number of imitators, any level of investment that leads

to positive profits for the innovator in the presence of patents, can be part of an equilibrium

in the absence of patents, if the imitators are sufficiently patient. The imitators take a

sufficiently small share of profits so that the innovator invests, and if they are patient enough,

this small share is sufficient to keep them from deviating. It is important to note that this

result would not hold in a traditional model of collusion where profits are split equally in

every period. With an even split, an innovator facing a large number of imitators might

2According to Red Hat’s annual report, the revenues from subscriptions in 2010 were $541M out of a
total revenue of $652M”

3Manager of a clone declared in article by Kerner (2005) ”we have the utmost respect for Red Hat and
everything they have done for the community over the years. We have absolutely no desire to upset them.”
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not be able to cover her research costs. It is because the imitators show restraint that the

innovator continues to innovate, a behavior reminiscent of that of clones in the Red Hat

example.

As commonly observed in repeated games, there is generally a large multiplicity of equi-

libria. In particular, there always exists a degenerate equilibrium where the innovator never

invests and if he does, imitators compete aggressively. However, we present circumstances

under which all non degenerate equilibria involve more investment than under patents. The

intuition of the result is the following. It is possible that without legal protection, if the

innovator invests at the investment level chosen under patents, the temptation of parasites

to deviate from the collusive paths is too large. The only solution is then for the innovator

to invest more and thus increase the expected future profits of imitators. The innovator is

forced to work harder to keep the parasites satisfied.

We characterize further the conditions under which more innovation takes place without

protection. We show that it depends on the shape of the stochastic distribution of returns on

investment, specifically on a condition on second order stochastic dominance. The intuition

is best explained in the context of the experiment designed to test our main prediction. We

consider a simplified environment where the innovator makes a unique initial investment de-

cision that determines the probability of obtaining an innovation of fixed value. We compare

two situations with the same expected gains from investment, but where, in the second, there

is a lower probability of obtaining an innovation of higher value. We show that cooperation

will be harder in the second situation since the current temptation to deviate, represented

by the value of the innovation, is higher and the expected future gains are the same (same

expected value). In the second situation the innovator can thus be forced to invest more to

keep parasites satisfied.

The experimental results confirm the model’s predictions. The parameters are designed

such that the optimal level of investment under patents is an equilibrium in the low-prize

parasite treatment (high probability of obtaining a low prize) but not in the high-prize treat-

ment. We show that even controlling for individual characteristics, this level of investment

is indeed significantly less likely in the high prize treatments. Furthermore the pricing be-

havior observed in the experiment is also coherent with our mechanism: the parasites are

significantly more likely to price low in the high prize treatment rather than in the low prize

treatment, when the innovator invested at the optimal level for patents.

The experiment is designed, not only to provide empirical support for the story developed

in the model, but also to achieve two other goals. First, given the multiplicity of equilibria

in our environment, it can shed light on equilibrium selection issues on which the theory is

relatively silent. We do in fact find the degenerate equilibria with no investment is virtually
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never played. Second, and more importantly, the experiment allows us to compare the

level of investment with and without protection, as previously described. To the best of

our knowledge this is the first experiment designed for that purpose and it can become a

promising avenue of research to provide evidence on an issue extremely difficult to test using

field data.

There are a number of papers explaining how innovation may occur in the absence of

any kind of formal protection. Some rely on technological constraints such as imitation

lags (Scherer and Ross (1980)), others on strategic effects (Benôıt (1985), Henry and Ponce

(2010), Henry and Ruiz-Aliseda (2012)). Boldrin and Levine (2002, 2005) provide a theory

of competitive innovation. These papers show, in different environments that innovation can

occur in the absence of formal protection. However, in all these contributions, less innovation

is conducted than if the innovator was granted a monopoly, even though overall social welfare

might be greater.

In the current paper we suggest an alternative explanation for investments in research

in the absence of legal protection. Moreover, we show that our model can give rise to even

more innovation without patents. Both these theoretical predictions and the experimental

evidence we provide fit with the evidence in Boldrin and Levine (2008).

There are two main reasons suggested in the literature for why environments without

patent protection can lead to more innovation. The first one is based on the sequential

nature of research. Bessen and Maskin (2009) show that if innovation is both sequential

(new discoveries build on old ones) and complementary (different researchers use different

approaches), the absence of patents may lead to more innovation. Innovators benefit from

discoveries by rivals as they can build on them.

The second class of models builds on the ”escape the competition effect”. Aghion et

al. (2001, 2005), examine how product market competition affects innovation (and thus

growth). They examine a model where imitation is not immediate: by successfully investing

in research, an innovator can stay ahead of his rivals. It thus creates an incentive to invest

in innovation to escape the competition. Aghion et al. (2001, 2005) show that, at least

for initially low levels of competition, increasing product market competition has a positive

effect on investments.

We also build on the idea that competition, in our case by imitators, exerts a pressure

that forces the innovator to invest more. However, our mechanism is very different. In

our case, more research is performed to keep the imitators satisfied and cooperative. In the

previously mentioned growth model, there is more research to escape the intense competition

on the market. However, a key assumption is that the one who innovates can stay ahead for

some time. In our model, we do not need any type of first mover advantage.
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Our paper as it involves pricing in an environment with repeated interaction is of course

linked to the vast literature on collusion. It is more particularly related to Rotemberg and

Saloner (1986), who study collusion in a stochastic environment, over the business cycle for

instance. We come back in the discussion of the theoretical results to the link with this

paper. In a similar vein, Dal Bo (2007) studies collusion when the interest rate fluctuates

rather than the profit level as in Rotemberg and Saloner (1986).

As we previously stressed, though we focused on the application to innovation, the model

should apply more generally to the comparison of environments with and without legal rules.

Former literature has stressed the importance of private-order or informal institutions re-

lying mainly on economic and social sanctions imposed to sustain investment (Williamson

(1985)). Notably, some historical case have shown the role played by reputation mecha-

nisms (e.g.,Greif 1989, 1993) in a repeated interaction setting. We focus on the impact on

investments.

As a further contribution, this study adds to the recent experimental literature on co-

operation and collusion in infinitely repeated games (recent examples are: Dal Bo 2005;

Dal Bo and Frechette 2011; Camera and Casari 2009; Cooper and Kuhn, 2011; Aoyagi

and Frechette, 2009; Bigoni, Potters and Spagnolo, 2012). While this literature has mainly

focused on understanding both the dynamics of cooperation and the conditions favouring

collusion or cooperation in infinitely repeated games our focus is to compare investment

choices under different institutional regimes.

The remainder of the paper is organized as follows. In Section 2 we introduce the model.

In Section 3 we show that any level of investment providing profits under patents can be part

of an equilibrium in the absence of protection. In Section 4 we derive conditions under which

higher investments are made in the absence of legal protection. In Section 5 we present the

experimental setup and results. All proofs, tables and figures are presented in the appendix.

2 Model

An innovative firm, denoted Firm 1, makes investments in research to bring new products to

market. In period 0, the firm makes an initial capital stock investment k. In addition, at the

beginning of each period t ≥ 0, the firm chooses a flow amount ct ≥ 0 to spend on research.

These investments determine the likelihood that the firm successfully innovates and, if so,

the quality of the resulting innovation. In any single period the firm can develop at most

one innovation.

Any successful innovation can instantly and costlessly be brought to market. However,

the market value of an innovation degrades over time; for simplicity, we assume that the
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lifespan of a new product is exactly one period. The one period monopoly profit π a new

product generates is randomly drawn from R+, where we let π = 0 represent that no (market

worthy) innovation has taken place.

Given investments k and c0, c1...ct−1, let F (π; k, (c0, c1...ct−1)) be the cumulative prob-

ability distribution of developing an innovation worth π at the beginning of period t. For

simplicity, we assume that the impact of the flow investment in research extends only to the

next period, so that the distribution of π in period t > 0 is given by F (π; k, ct−1) .
4

We contrast two situations: one where full intellectual property rights are enforced and

one where they are absent. In the first situation, the innovative firm 1 collects monopoly

profits when it obtains an innovation. The firm thus chooses k, ct, t = 0, 1, 2, ... to maximize

−k −
∑∞

t=0 δ
tc0 +

∑∞
t=1 δ

t
∫∞
0
πdF (π, k, ct−1). Since the problem is stationary, the solution

involves choosing a constant level of research across periods. Thus, the innovator’s problem

is to choose (k, c) to maximize −k + δE(π|k,c)−c
1−δ , where E (π|k, c) =

∫∞
0
πdF (π, k, c) . We

suppose the problem has a solution and if unique, we denote it (k∗, c∗).

In the second situation, with no property rights, Firm 1 remains the only firm with the

ability to innovate, but there are n firms with imitative capabilities that can immediately

reproduce any innovation at zero cost. In practice, there will be lags before imitators can

copy an innovation, and duplication may be costly and imperfect, but we abstract away

from these possibilities, which benefit the innovator, as we are interested in incentives for

innovation absent these previously noted factors.5

The n+1 firms play an infinite horizon game in which they share the same period discount

rate δ. Again, Firm 1 chooses k in period 0 and an amount ct ≥ 0 in each period t ≥ 0.

After Firm 1’s (observed) flow choice in period t ≥ 1, but still within period t, an innovation

is realized and each firm j chooses a price pjt for the innovation.

In a traditional analysis of homogeneous repeated price competition, when several firms

choose the lowest price, demand is equally split among them. There is, however, no reason

why firms could not choose to split demand unequally by restricting the quantities they

supply. This possibility is usually ignored, both for simplicity and because, in the usual

settings, collusion is easiest when firms split demand equally (if all firms have the same

discount rate). In our setting, however, where only one firm incurs development costs, it is

important to allow firms to split demand unequally, if they so choose. Therefore, in addition

to choosing a price, in each period t each firm j chooses a maximum quantity qjt to supply.

The precise rationing rule used to allocate demand is unimportant, but for concreteness

4We have π ≡ 0 in period 0.
5See for instance Scherer and Ross (1980) for non-strategic delays in imitation. There can also be strategic

delay by imitators such as in Benôıt (1985), Henry and Ponce (2011) and Henry and Ruiz-Aliseda (2012).
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we make the following specification. All consumers attempt to buy from the firms with the

lowest price. If demand at this price is less than total supply, each firm sells a quantity

proportional to its supply. If demand exceeds total supply, then each firm sells up to its

supply, and demand shifts in by the total amount supplied. The second lowest price now

acts as the lowest price and we proceed inductively.

We assume demand is split among the firms in the following way. All consumers attempt

to buy from the firms with the lowest price. If demand at this price is less than total suppy,

each firm sells a quantity proportional to its supply.6 If demand exceeds total supply, then

each firm sells up to its supply. This yields a residual demand curve, upon which rationing

is again applied, and so forth.

Formally, let ht denote the history of play up to date t. At each period t, the strategies

are the following:

• In period t = 0, Firm 1 chooses k and c0.

• In periods t ≥ 1

1. Firm 1 chooses ct ∈ R+, as a function of ht.

2. The quality of the period t innovation is drawn from F (π; k, ct−1).

3. Each firm chooses a price quantity pair (pjt , q
j
t ) ∈ R+×R+ as a function of (ht, ct).

Given the essentially stationary nature of the game, we restrict ourselves throughout to

Markov perfect equilibria in which Firm 1 makes investments k, ct = c and the price/quantity

choices along the equilibrium path depend only on the realization of the current period’s

shock (i.e., the quality of any innovation obtained). Off the equilibrium path, an optimal

punishment is for all firms to charge 0 and pick a capacity large enough to supply the market.

3 Rational parasites

The environment we consider is one where imitation is costless and immediate, such as

in open source where discoveries are immediately made public. An innovator cannot stay

ahead of its competitors for long and, at first sight, appears to have little incentive to

invest. Nevertheless, as the story of Linux suggests, the imitators might choose not to be

too aggressive in an effort to preserve the innovator’s incentives. The following proposition

shows that this idea of rational parasites is confirmed by our theoretical analysis: If the

6The precise rationing rule is unimportant. Thus, for instance, rather then seilling a quantity proportional
to its supply, firms could each sell the same quantity, subject to their capacity constraints.
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players are sufficiently patient, any investment pair (k, c) that would lead to positive profits

for an innovator with patents, can be part of an equilibrium in the absence of patents.

Proposition 1 Suppose that E (π|k, c) > c. Then there exists a value δ̄ > 0 such that, for

all δ̄ ≤ δ < 1, there is a Markov perfect equilibrium of the game without patents in which

Firm 1 chooses k in period 0 and c in all subsequent periods.

If an investment (k, c) leads to positive profits under patents, then it is necessarily the

case that E (π|k, c) > c. Conversely, if E (π|k, c) > c then with sufficiently patient firms

there exists an equilibrium where Firm 1 invests (k, c) even without patents.

While this proposition follows from standard dynamic game reasoning with patient play-

ers, our parasite model, where the different players can claim different shares of profits, is

essential for this result. In equilibrium, the imitative firms claim a sufficiently small share of

profits so as to allow the innovator to cover its initial investment k. If we had restricted our

strategies to choosing a price and having profits equally shared, the profits of the innovator

would be given by −k+
δE(π|k,c)
n+1

−c
1−δ . For δE(π|k,c)

n+1
< c and E (π|k, c) > c, there exists an equilib-

rium where the innovator invests when profits are not shared symmetrically but none when

the profits are shared symmetrically between all competitors. Allowing for an asymmetric

sharing of profits captures the idea that imitators can choose not to be aggressive to preserve

the incentives of the innovator.

4 Equilibria in the absence of patents

Proposition 1 establishes that any investment level that is profitable under patents is also

sustainable when patents do not exist, provided firms are made sufficiently patient. Hence,

legal protection may not be necessary. However, given a set of firms with a specified fixed

discount rate, the set of sustainable investments might be smaller without patents. In this

section, we characterize the general conditions under which particular investment choices

by Firm 1 are sustainable without patents. Note that there always exists a degenerate

equilibrium in which Firm 1 chooses investments of zero and all firms always choose a price

of zero if an innovation is obtained.

Although firms pick prices and capacities each period, it is easier to characterize their

strategies in terms of the resultant profits. Underlying these profits are strategies in which,

in equilibrium, firms choose identical prices and choose individual capacities that sum to

total demand at those prices. This setting is similar to the one considered by Rotemberg

and Saloner (1986), who study collusion when demand is stochastic, although the fact that
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we model the problem in terms of a shock on monopoly profits, rather than a shock on

demand, and that our firms choose capacities as well as prices entails some differences.

Consider an innovation with monopoly profit π. This monopoly profit is the maximum

total profit from the innovation that the firms could share. However, the firms might not

be able to share these maximal profits in equilibrium. In particular, as we show below,

if π is unusually high, collusion on the monopoly price may be difficult since firms will

have a large incentive to undercut and grab π, at the cost of losing out on the profits from

future innovations, which would, on average, be much smaller.7 Thus, for an innovation

with monopoly profit π, firms may charge a lower price than monopoly price, yielding total

profits of f (π) π for some f : R+ → [0, 1].

Since firms 2, ..., n + 1 are identical, if there exists an equilibrium where these firms get

unequal shares of profits, there necessarily exists one where they get equal shares. We will

therefore restrict our attention to paths where firms 2, ..., n + 1 are treated identically. We

will also focus on equilibria where deviations are punished by a path where all firms get zero

profits.

Given an innovation with monopoly profit π, let α(π)
n

be the equilibrium share of profits

obtained by a firm ∈ {2, ..., n + 1} and 1 − α (π) be the share of Firm 1. A choice of (k, c)

by Firm 1 forms part of an equilibrium if and only if there exists functions α : R → [0, 1],

and f : R→ [0, 1], such that for every π ∈ R+,

πf (π) ≤ α (π)

n
f (π) π +

∞∑
t=1

δt
∫ ∞
0

α (π)

n
f (π)πdF (π, k, c) , (1)

πf (π) ≤ (1− α (π)) f (π) π +
∞∑
t=1

δt
∫ ∞
0

((1− α (π)) f (π) πdF (π, k, c)− c) (2)

and

−k −
∞∑
t=0

δtc+
∞∑
t=1

δt
∫ ∞
0

α (π) f (π) πdF (π, k, c) ≥ 0. (3)

The first two conditions state that no firm ever wants to undercut the other firms in any single

period. The third condition guarantees that Firm 1 wants to undertake its investments.

Combining (1) and (2), we have that along an equilibrium path, for all π

πf (π) ≤ 1

n

∞∑
t=1

δt
(∫ ∞

0

f (π) πdF (π, k, c)− c
)

(4)

Since the right hand side of the above inequality is bounded, there is a maximum single

7The equilibria in Rotemberg and Saloner (1986) have a similar feature.
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period amount that the firms will be able to split along any equilibrium path. Denote this

amount by π̃ (thus, π̃ = max πf (π) such that (4) holds). In considering equilibria, we can

restrict ourselves to functions f with f (π) = π̃
π

for π > π̃, and f (π) = 1 for π ≤ π̃.8 In

effect, for profit realizations π < π̃, the firms manage to split monopoly profits π among

themselves, while for profit realizations π > π̃, the temptation to deviate is too large if firms

attempt to share profits π – instead they split the amount π̃. Finally, we can set α (π) to be

constant for all π ≥ π̃.9

Thus, a choice of (k, c) forms part of an equilibrium if and only if there exists a π̃ and a

function α : R→ [0, 1] such that for all π ≤ π̃,

π

(
1− α (π)

n

)
≤ δ

1− δ

(∫ π̃

0

α (π)

n
πdF (π, k, c) +

α (π̃)

n
π̃ (1− F (π̃))

)
, (5)

πα (π) ≤ δ

1− δ

(∫ π̃

0

(1− α (π)) πdF (π, k, c) + (1− α (π̃)) π̃ (1− F (π̃))− c
)
,(6)

and

k +
1

1− δ
c ≤ δ

1− δ

(∫ π̃

0

(1− α (π))πdF (π, k, c) + (1− α (π̃)) π̃ (1− F (π̃))

)
(7)

Combining (5) and (6), we can reformulate (4) as:

π ≤ δ

1− δ
1

n

(∫ π

0

πdF (π, k, c) + π (1− F (π))− c
)

(8)

We can then define

π̃Fmax = max

{
π̃|π̃ ≤ δ

1− δ
1

n

(∫ π̃

0

πdF (π, k, c) + π̃ (1− F (π̃))− c
)}

(9)

Given k and c, the quantity π̃Fmax provides an upper bound on the single period profit level on

which firms can manage to collude. If an innovation worth more that π̃Fmaxis realized, firms

8Suppose that we have an equilibrium where for some π > π̃, f (π) < π̃
π and/or

for some π ≤ π̃, f (π) < 1. Define f ′ to be equal to f , except that f ′ (π) =
π̃
π for all π > π̃ and f ′ = 1 for all π ≤ π̃,. Then πf ′ (π)

(
1− α(π)

n

)
≤

π̃
(

1− α(π)
n

)
≤

∑∞
t=1 δ

t
∫∞
0

α(π)
n f (π)πdF (π, k, c) ≤

∑∞
t=1 δ

t
∫∞
0

α(π)
n f ′ (π)πdF (π, k, c), and sim-

ilarly. πf ′ (π) (α (π)) ≤
∑∞
t=1 δ

t
∫∞
0

(1− α (π)) f ′ (π)πdF (π, k, c). Also, −k −
∑∞
t=0 δ

tc +∑∞
t=1 δ

t
∫∞
0

(1− α (π)) f ′ (π)πdF (π, k, c) ≥ 0−k−
∑∞
t=0 δ

tc+
∑∞
t=1 δ

t
∫∞
0

(1− α (π)) f (π)πdF (π, k, c) ≥ 0.
Thus f ′ (π) also yields an equilibrium.

9If α (π) is not constant for all π ≥ π̃, set α′ (π) =
∫∞
0
α (π) dF (π, k, c).
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price to obtain a total profit of π̃Fmax.
10 The existence of this upperbound means that total

industry profits, may be lower in the no-patent world then the patent world. This, combined

with the fact that Firm 1 must share the returns from innovating means that there will be

some investments when patents are available which are no longer profitable without patents.

How will Firm 1 react? The obvious possibility is that Firm 1 invests less, so that it needs

to recoup less money. More interestingly, another possibility is that Firm 1 invests more,

as investing more increases the continuation value of the game, making collusion easier and

increasing π̃Fmax.

To get a feel for how investment depends on the nature of the innovation, consider a

situation where an optimal investment in the presence of patents, k∗, c∗, remains viable in the

absence of patents when firms simply split the returns to any innovation in a fixed manner.

Formally, at k∗, c∗ there is a π̃ and α such that conditons (5), (6), and (7) are satisfied

for α (π) = α for all π. Now consider a different innovation technology characterized by

distribution function G with the same mean as F , but where F second order stochastically

dominates G. When patents are available, Firm 1 will make the same investment choices

under these two technologies, since the distributions F and G have the same mean. That is,

k∗, c∗ remains the optimal choice under G. Without patents, however, the two technologies

may lead to different investment patterns. In particular, k∗, c∗ may no longer even be a

viable investment choice under G. This is because collusion is harder under G than under

F . To see this, notice that for α (π) = α, conditons (5) and (6), reduce to

π ≤ δ

1− δ
α

n− α

(∫ π̃

0

πdF (π, k, c) + π̃ (1− F (π̃))

)
, (10)

π ≤ δ

1− δ
1− α
α

(∫ π̃

0

πdF (π, k, c) + π̃ (1− F (π̃))− c

1− α

)
, (11)

Integrating by parts, we can express these conditions as:

π ≤ δ

1− δ
α

n− α

[
π̃ −

∫ π̃

0

F (π, k, c)dπ

]
π ≤ δ

1− δ
1− α
α

[
π̃ −

∫ π̃

0

F (π, k, c)dπ
c

1− α

]
From the definition of second order stochastic dominance, if F second order stochastically

dominates G, then

10Note that an advantage of the no-patent world is that very highly valued innovations are priced below
the monopoly price, closer to the ex-post optimum of zero.
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[
π̃ −

∫ π̃

0

G(π, k, c)dπ − c

1− α

]
≤
[
π̃ −

∫ π̃

0

F (π, k, c)dπ − c

1− α

]
so that the constraints (10) and (11) are harder to satisfy under G than under F .11 In a

sense then, investment is more difficult with riskier innovations. We formalize this in the

following proposition, which states that if an investment is viable with a fixed split under

distribution function G, then it continues to be viable for a distribution function F which

dominates G.12

Proposition 2 Suppose that for an innovation characterized by the distribution G, there is

an equilibrium in which Firm 1 invests k, c, and the firms split the profits from any innova-

tion in a fixed way (i.e., α (π) is constant). Then there is also such an equilibrium for an

innovation characterized by the distribution function F , where F second order stochastically

dominates G.

If we start from an innovation technology for which Firm 1 could make the investment

k, c and take a series of mean-preserving spreads, we might arrive at a situation where such

an investment is no longer possible. In the next section, we show that this may lead to

increased investment by Firm 1.

To fix ideas, consider the case where the innovation takes the value 10 for sure (dis-

tribution F ) to a situation where the innovation takes the values 0, 10 and 20 with equal

probability (distribution G). Both these distribution have the same mean but G is a spread

of F . Collusion is always going to be harder under G. Indeed suppose that colluding on

profits of 20 is not possible, then colluding at 10 is harder under G since the expected future

profits are smaller than under F since the innovation will take value zero with probability

1/3. Although the mean on the entire distribution is the same under both distributions, the

relevant measure for future profits is not the mean but the average over a truncated interval.

4.1 Comparing the Level of Innovation

We would like to compare the level of innovation when patents are available to when they

are not. Often, however, this is an ambiguous comparison, as there are many non-degenerate

equilibria in the no-patent game, some with more innovation than with patents and some

with less, and we have no compelling criterion for choosing among equilibria. Therefore, in

this section we examine a special case where unambiguous statements can be made.

11Constraint (7) also becomes harder to satisfy.
12Similar reasoning shows that mean preserving spreads makes collusion more difficult in the framework of

Rotemberg and Saloner, although their modelling of uncertainty does not allow them to reach this conclusion.
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For some research, the value of a successful innovation is well-understood so that the main

uncertainty comes from how frequently success will occur.13 In line with this, we assume

that the value of a successful innovation is some fixed constant, and investments in research

only determine the likelihood an innovation is developed in any period. We also assume

that the only research expense is the initial investment choice k.14 Formally, we have that

F (π, k, c) =


1 if π ≥ π̄

1− p (k) if 0 ≤ x < π̄

0 if π < 0
From Proposition 2, we know that as we move to distributions which are more and more

stochastically dominated, non-degenerate equilibria become harder and harder to sustain.15

We show that when investment is relatively cheap, Firm 1 responds by investing more than

when patents are available, while if investment is relatively expensive, Firm 1 responds by

investing less.

Let k∗ > 0 be Firm 1’s profit-maximizing investment in the presence of patents. Suppose

that this is not an equilibrium in the no-patent game. Then, either (i) In the subgame

following the realization of an innovation, every equilibrium yields zero profits for all firms

(collusion is not possible), or (ii) In the subgame following the realization of an innovation,

there are equilibria with positive profits, but none of these equilibria yield Firm 1 sufficient

expected profits at date zero to warrant an initial investment of k∗.

In the first instance, the problem is that the expected future profits from collusion are

not large enough to deter the firms from trying to grab the entire instantaenous profits from

a successful innovation. The only way to overcome this is for Firm 1 to invest more than k∗,

thus raising the probability of a successful innovation in any period and increasing the value

of collusion in the continuation game. Thus, in this instance, all non-degenerate equilibria

(when these exist) involve more innovation in the absence of patents.

Lemma 1 Suppose that when Firm 1 invests k∗, in a subgame following the realization of

an innovation, every equilibrium yields zero profits for all firms. Then the only possibility

for a non-degenerate equilibrium involves Firm 1 investing more than k∗.

In the second instance, while collusive continuation equilibria exist, none of them give

Firm 1 enough revenue to cover an investment of k∗ at date zero. Now, the only possibility

for a non-degenerate equilibrium involves Firm 1 saving money by investing less.

13For instance, the value of new software updates may be constant, while the timing depends on the effort
put into their development.

14Discarding the flow investment c eliminates the possibility of non-dominant comparisons where, say, the
stock investment k is greater but the flow investment c is smaller.

15Note that α (π) is necessarily a constant in this special case.
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Lemma 2 Suppose that when Firm 1 invests k∗, in a subgame following the realization of

an innovation, there are equilibria in which firms earn positive profits, but none of these yield

Firm 1 sufficient expected profits at date zero to warrant the initial investment of k∗. Then

the only possibility for a non-degenerate equilibrium involves Firm 1 investing less than k∗.

In the rest of this section, we present situations corresponding both to instance (i) and (ii)

that allow us clearly compare investment levels with and without patents and can guide our

experiment. Specifically, an innovation worth π0
m

will be developed with probability pm (k) =

mh (k), where m is a parameter that varies between 0 and 1, and h : R+ → [0, 1), h (0) = 0,

h′ > 0. A decrease in m corresponds to a mean-preserving spread. Thus, decreasing m

leads to an innovation distribution that is second order stochastically dominated, but with

no change in the optimal investment k∗ under patents.

Suppose that an investment of k∗ is viable when m = 1. As m decreases, eventually k∗ is

no longer viable. We show below that if investment is relatively cheap, so that with m = 1

Firm 1 can recoup k∗ when profits are evenly split among firms,16 then with small m every

non-degenerate equilbrium involves an investment greater than k∗, to encourage collusion.

On the other hand, when investment is relatively expensive, so that Firm 1 must get more

than an even split to recoup k∗, then with small m every non-degenerate equilibrium involves

an investment less than k∗, to make it easier for Firm 1 to recover its investment.

Proposition 3 Suppose that for m = 1, there is an equilibrium in which Firm 1 invests

k∗ > 0 and earns strictly positive profits, and the firms evenly split the gains from a successful

innovation. Then there exists an m̂ such that for all m̂ ≤ m ≤ 1, an investment of k∗ by Firm

1 still forms part of an equilibrium, while for all m < m̂ every non-degenerate equilibrium

involves an investment k greater than k∗. Moreover there is a non-empty interval (m′, m̂)

on which non-degenerate equilibria exist.

Proposition 3 captures a situation where investment is relatively cheap in the sense that

the innovator does not need to be compensated by an unequal share of profits to make him

invest. On the contrary the following results refers to cases where investment in research is

more expensive.

Proposition 4 Suppose that for m = 1, there is an equilibrium in which Firm 1 invests

k∗ > 0 and Firm 1 gets more than an even share of the the gains from a successful innovation,

but no equilbirum in which Firm 1 invests k∗ and the firms evenly split the gains from a

16These conditions, are, of course, not vacuous. For instance, they all hold if δ
1−δh

′(0)π0 > 1, n <
δ

1−δh (k∗), and k∗ < 1
n+1

δ
1−δf(k∗)π0.
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successful innovation. Then there exists an m̂ such that for all m̂ ≤ m ≤ 1, an investment

of k∗ by Firm 1 still forms part of an equilibrium, while for all m < m̂ every non-degenerate

equilibrium involves an investment k less than k∗. Moreover there is a non-empty interval

(m′, m̂) on which non-degenerate equilibria exist.

5 Experimental Setup and Results

In this section we present the design and results of a lab experiment tailored to achieve

three goals. First, to provide some empirical evidence on investment levels with and without

patents. Second, to test specifically some of the results of the theory, in particular Proposition

3. Finally, to shed some light on equilibrium selection issues.

5.1 Experimental setup

The experimental study is based on four different treatments. Two treatments correspond to

an environment with a legal monopoly on the stochastic outcome of investments (we refer to

those as patent treatments) and two to an environment with no legal protection (we refer to

those as parasite treatments). Within each regime (patents vs parasites), we implement two

different types of treatments, corresponding to two different investment options described

in Table 1. Note that one option corresponds to high probabilities of obtaining a low prize

while in the other the prize is doubled and the probabilities halved. These two sets of options

are designed to test specifically Proposition 3. We will refer to the resulting four treatments

as patent-low-prize, patent-high-prize, parasite-low-prize and parasite-high prize.

We reproduce infinitely repeated games in the lab using a standard procedure involving

a random continuation rule (see Dal Bo and Frechette 2011, Dal Bo 2005 and Casari and

Camera 2009 for recent examples). At the end of each round the computer randomly deter-

mines whether another round will be played in the game. The probability of continuation

is fixed at 0.85 for all treatments and is independent of any choices players make during the

game. The players thus play a series of games of random length.

In the two patent treatments, all games are single player games (there is no interaction

with other players). The timing of the game is the following: in the first round, the player

first obtains an initial endowment of 11 tokens and she makes the investment decision:

she chooses between investing 0, 1, 6 or 11 tokens. This initial investment determines the

probability of obtaining a prize in each round of the game. The exact probabilities and the

level of the prize depend on the treatment as described in Table 1.

In the parasite treatments, each game involves two players. At the beginning of the game
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each player receives 11 tokens and one of them is randomly selected to be the innovator.17

She has in the first round to make an investment decision and faces the same options as

in the patent treatments (the other player, the parasite, does nothing in the first round).

Then, in the following rounds, whenever the investment is successful (the probability of

success is determined by the decision of the innovator in the first round), the two players

play a prisoner’s dilemma/pricing game represented in Table 2.18 Note that this is meant

to represent product market competition between the innovator and the imitator and is a

special case of our theoretical model where we restrict the share α of profits to be 1/2 or 1.

In all treatments, as described before, games have random lengths that are independent

of decisions made by the players. At the end of each round, including the first one, there is

a probability of 85 percent of having an additional round in the game. When a game ends

a new one starts and it is played exactly in the same way as the one before. In the parasite

treatments players are re-matched with another player. Thus, there are no interactions

between the different games. The rematching procedure is such that players are rematched

with a different player once they finish a game. Such a procedure minimize the probability

that the same pair will play together more than once. Note that anyway the game is played

anonymously and players cannot identify their partner. For the parasite treatments (resp.

patent), fifteen minutes (resp. ten minutes) after the start of the session, no new game starts

but players finish the games they started.

5.2 Theoretical predictions

In the simplified context considered in the experiment, our model allows us to make clear

theoretical predictions. First, in both patent treatments, the optimal choice of a risk neutral

player is to choose an investment level of 1. However, note that the level of expected profits

are not vastly different across the different choices (12.6 for an investment of 1, 12.1 for 6

and 11.6 for 11).

In the case of the parasite-low-prize treatments, all investment levels are part of an

equilibrium whereas for the parasite-high-prize treatment, an investment of 1 cannot be part

of an equilibrium. Examining the incentives of the different players in this case brings out

clearly the mechanism developed in the theory.

17To avoid framing in the experiment, in the instructions we call the innovator Role A and the imitator
Role B.

18In the patent treatments, whenever the investment is successful, the prize is instead obtained entirely
by the player. To keep the two set of treatments symmetric, players in the patent treatment also have to
choose wether they want to price high or low as in the parasites treatment. The choice low gives them a
profit of zero, and the choice they have to make is thus obvious, but it preserves symmetry with the parasite
treatments and aslo slows down the speed of the game.
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In the parasite-low-prize treatment following an investment of 1, in rounds where a prize

is obtained, an outcome H,H (that is cooperation in the prisoner dilemma/pricing game),

is an equilibrium, i.e deviating by playing L and taking the whole prize 8 is less profitable

than collecting 4 each time a prize is obtained:

8 < 4 + 4 ∗ 0.3 ∗ 0.85

1− 0.85
= 10.8

Whereas for the parasite-high-prize treatment, when a prize is obtained after an investment

of 1, there is an incentive to deviate if the other player plays H

16 > 8 + 8 ∗ 0.15 ∗ 0.85

1− 0.85
= 14, 8

We clearly see that the future continuation value is the same in both cases, 4 ∗ 0.3 ∗ 0.85
1−0.85 =

8 ∗ 0.15 ∗ 0.85
1−0.85 , which means that the temptation to deviate and grab the higher prize is

more acute in the high-prize-treatments. We indicate in Table 3 the expected profits and

the incentives to deviate from the collusive equilibrium.

From the discussion above we have one clear prediction that can be tested:

• Investment of 1 is less likely in the parasite-high-prize treatment than in the parasite-

low-prize treatment

We also have natural consequences of the model that can be tested:19

• Following an investment of 1 by the innovator, the parasite playing L is more likely in

the parasite-high-prize treatment than in the parasite-low-prize treatment

• The probability of observing H,H increases with the initial investment of the innovator

Finally there are some interesting facts on which we can shed some light :

• Is there on average more or less investment with or without patents?

• Is the zero investment equilibrium common in the parasite treatments?

19These are not strictly speaking predictions, but are natural consequences of the model. For instance
in the parasite-high-prize treatment, playing 1 is not an equilibrium, so interpreting what happens off the
equilibrium path is not unambiguous. However, we know that the strategy would then dictate that the
parasite should play L
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5.3 Experimental results

The 10 experimental sessions (3 of each parasite treatments and 2 of each patent treatment)

were run between March and May 2012 at Ecole Polytechnique in a dedicated experimental

lab. A specific software was designed to run the experiment to be able to rematch players

while others were finishing their game.20 The participants were a mix of students and staff

at the university. A total of 132 people participated in the experiment playing a total of

1756 games. The average earnings of players was 17.8 euros. At the end of the game

the participants were asked to fill in a survey that allowed us to control for gender and

whether the participants were students. In the survey we also introduced questions about

individuals’ risk attitudes (Dohmen et al 2005). Thus in some specifications we can also

control for subjects risk self-reported risk attitudes.21 In all the regression analysis that

follow, the standard errors are clustered at the session level (as in Dal Bo and Frechette

(2011) for instance), to control for possible session effects that would introduce correlation

in errors.22

5.3.1 Patents vs parasites

As we previously discussed, comparing the level of investment in innovation with and without

legal protection based on real world data is hard for the simple reason that, since protection

regimes uniformly apply to all those in the same industries, counterfactuals do not typically

exist. Experiments, creating artificial counterfactuals, are thus a valuable source of evidence

to shed light on this comparison. As we can see in Figure 1, innovators invest on average

very similar amounts in the patent and in the parasite treatments. The average investment is

in fact slightly higher in the absence of patents, but this difference is not significant (p-value

of 0.149 in a t-test and non significant coefficient in a regression controlling for individual

characteristics).

These results thus undermine the idea that patent protection is unavoidable to encourage

investments in innovation. This idea is often based on the presumption that players would

revert to the degenerate equilibrium where parasites act aggressively and the innovator thus

20The software was designed under a standard server/client architecture, the server uses’ socket protocol
to communicate with the clients. The server was implemented using the Adobe Flex technology and the
clients deployed under Adobe Air. The backend of the server rely on relational database server (MySQL)
for storing. Each “game” was considered as a thread, this method allowed us to resolve the main issue for
rematching clients dynamically and keeping alive simultaneously other instances in progress.

21Some participants did not fill in the survey which explains that regressions controlling for individual
characteristics will be run on fewer observations.

22We do not cluster at the individual level since the assumption in these type of environments is that each
game can be considered as an individual observation. Note however that the significance of most results is
maintained if we do cluster at the individual level.
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refrains from investing. Table 4 reports the results of a regression where we test the effect

of being in a patent treatment on the probability that the innovator invests zero. These

results indicate that, contrary to the common wisdom, there is in fact a higher probability of

observing no investment in the patent treatments than in the parasite treatments, although

this difference is not significant. This evidence is in line with the motivation behind our

theoretical model of investment in the presence of rational parasites. The next step of our

analysis is to test the main prediction of our theory.

5.3.2 Testing the central theoretical prediction

The main theoretical prediction is that we should observe innovators choosing the level

of investment equal to 1 less often in the high-prize parasite treatments than in the low-

prize parasite treatments. Figure 2 clearly shows that the difference between the low-prize

and high-prize treatments is striking and goes in the direction suggested by the theory.

Furthermore, Figure 3 suggests that learning strengthens this result. We report in Figure

3 in the left panel, the proportion of ones in the first game the players played, and in the

right the proportion in the later games. The proportion goes up for the low-prize treatments

while it slightly decreases in the high prize treatments. With learning players move closer

to equilibrium behavior.

Table 5 reports the results of a probit regression of the probability of an investment of one

by the innovator. The probability of observing an investment of one in the low-prize-parasite

treatment is significantly higher than in the high prize treatments. These result hold even

when we control for individual characteristics and risk attitudes. Note that when the same

comparison is run between the two patent treatments, the effect tends to go in the other

direction: Figure 4 shows that in the case of patents, an investment of one is more likely

in the high-prize treatments.23 Thus, if any behavioral mechanism not considered by our

theoretical framework was playing a role this would tend to go in the opposite direction with

respect to our findings thus biasing the results towards zero.

5.3.3 Pricing behavior

The results of the previous section provide strong support for the central prediction of the

theory. However to test further the coherence of our explanation, we examine in the current

section the pricing behavior of the innovator and the parasite whenever a prize is obtained.

We first focus on the pricing behavior in games where the innovator invested 1 token.

Figure 5 represents the distribution of outcomes in the prisoner’s dilemma keeping in each

23A regression analysis confirms that the effect is significant.
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game only the first round where a prize is obtained provided it exists (the plot averaging over

all rounds looks very similar). We clearly see that the outcome LL where both players price

low is much more likely in the high-prize treatment compared to the low-prize treatment as

the theory suggested: the temptation to deviate is much larger.

It is of course not easy to interpret a pricing behavior following an investment that should

not occur in equilibrium. In particular, why would the innovator invest if he then expects

LL to be the most probable outcome? It therefore seems more natural to focus exclusively

on the behavior of the parasite following an investment of 1 by the innovator. The results

presented in Figure 6 are even more striking: the parasite is much more likely to choose L

in the high-prize treatment rather than the low prize treatments.24

The results presented in table 6 confirm the pattern observed in Figure 6. Even when

controlling for individual characteristics, there is a significantly lower chance that the parasite

plays L following an investment of 1 in the low-prize treatment. Note that controlling for

risk aversion appears to be particularly important (INTERPRET?).

A final test of coherence with the theory is to examine the pricing behavior by level

of investment of the innovator. The more the innovator invests, the higher the expected

continuation value in equilibrium if H,H is played whenever a prize is obtained and thus the

higher the incentives to keep cooperating (Table 3 shows how much the incentives to deviate

decrease as the investment of the innovator increases). We thus plot in Figure 7 the pricing

behavior of the parasite in the high-prize parasite treatments, separately for investments of

1, 6 and 11. There is a clear drop in the proportions of L as the investment moves from 1

to 6, although no significant change as the investment goes from 6 to 11.

5.3.4 Discussion

Taken together the results of the experiment provide evidence broadly coherent with our

theoretical model. We show that indeed the innovators are less likely to choose the investment

level of 1 in the high-prize parasite treatments and that if they actually do, parasites are more

likely to price low, that is choosing the action L in the prisoner dilemma game. Furthermore

the overall results provide evidence that investment do not necessarily fall in the absence of

a legal monopoly on the outcome of the investment. Indeed, on average investment in the

parasite and patent treatments are quite similar. Thus, broadly speaking, the experiment

provides evidence that, at least in a controlled environment, a legal monopoly is not a

necessary condition for investment and helps to shed some light on the basic intuitions

underlying our theoretical model.

24For Figure 6 as for Figure 5, we keep in each game only the first round where a prize is obtained provided
it exists.
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There are of course other theories that can explain why you might have similar levels

of investment with and without patents. The most obvious would appear to be a story of

reciprocity (e.g. Berg et al.1995 and Fehr et al. 1997): If the innovator invests a lot, the

parasite returns the favor by pricing high. It is then rational for the innovator to invest in the

first place. However it is hard to see how such a theory would lead to a higher investment

level under parasites25 but more importantly it does not seem capable of explaining the

different investment choices between the low-prize and high-prize parasite treatments, which

are central to our argument. Finally the significantly lower probability that parasites choose

not to cooperate (play L) following an investment of 1 in the low-prize treatment with

respect to the high-prize treatment while consistent with our theoretical framework seems

hard to reconcile with a reciprocity explanation. Indeed, since both the motivation and

the overall expected stakes are comparable in the two treatments we do not expect any

difference in the behavior of reciprocal players in this case. (I HAVE ADDED THIS LAST

SENTENCES, LOWER Ls IN THE LOW PRIZE WITH RESPECT TO HIGH PRIZE ARE

NOT CONSITENT WITH RECIPROCITY )

6 Conclusion

In this paper we have shown that, when interactions between investors and parasites are

repeated over time, positive investments can occur even in the absence of legal protection

and in fact possibly even at a faster rate. An experiment was designed to test specifically

the results and also to provide a comparison between level of investments with and without

protection, an issue difficult to tackle with field data.

We started the paper mentioning the evidence provided by Greif (1993) who shows that

overseas trade between merchants and intermediaries located on the other side of the Mediter-

ranean was rendered possible by informal institutions. Our model suggests an alternative

informal agreement (possibly complementary to the one developed by Greif), that suggests

moreover that trade could have in fact been even more intense because of the absence of legal

rules. Merchants would need to keep the promise of the future high to keep intermediaries

cooperative. Interestingly, the model suggests that the merchants would not send bigger

ships (that would leave the incentives to deviate unchanged) but more robust ones having

higher chances of reaching their final destination.

25One could always think of a story where the reciprocity occurs only for sufficiently high level of invest-
ments (strictly above 1) and could thus encourage higher investments by the innovator
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7 Appendix

Proof of Proposition 1. We find a δ̄ > 0 such that the following strategies form a

subgame perfect equilibrium whenever δ ≥ δ̄.

• On the equilibrium path:

– Firm 1 chooses k in period 0 and ct = c for t = 1, ... every period.

– In period t = 1, ... , if an innovation of quality π is obtained, Firm 1 chooses

(pk(π), (1− α) qk(π)), and each firm 2, ....n chooses
(
pk(π), α

n
qk(π)

)
, where 0 <

α < E(π|k,c)−c
E(π|k,c) and pk(π), qk(π) represent monopoly prices and qualities leading to

monopoly profits of π.

• If any firm has deviated from the above in some period s < t, then in period t Firm 1

chooses ct = 0, and all firms choose (0, Dt (0)).

We now establish that the above strategies form a subgame perfect equilibrium. If any

firm has deviated in the past, the firms play a single-shot equilibrium thereafter, leading to

zero profits for all players, so we restrict our attention to subgames in which no firm has

previously deviated.

First consider firms 2, ..., n+ 1. Following a successful innovation, a firm’s best deviation

is to just undercut the other firms and choose a quantity at least as large as demand. For

the strategies to form an equilibrium, the following must hold:

π ≤ α

n
π +

1

1− δ
α

n
E (π|k, c) (12)

There is a δ1 < 1 such that (12) holds for all δ ≥ δ1.

Now consider Firm 1’s incentives to invest k in period 0. Her best deviation in period

zero is not to invest. Thus for the strategies to form an equilibrium, firm 1’s expected date

zero profits must be positive:

−k − c

1− δ
+ (1− α)

δE (π|k, c)
1− δ

≥ 0 (13)

Since 0 < α < E(π|k,c)−c
E(π|k,c) , there is a δ2 such that (13) holds for all δ ≥ δ2.

Following a successful innovation in any period, for the strategies to form an equilibrium,

Firm 1 should not want to undercut the other firms, rather than follow the equilibrium path:

π ≤ (1− α)π +
δ

1− δ
(1− α) [E (π|k, c)− c]
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There is a δ3 such that the above inequality holds for all δ ≥ δ3.

Choosing δ̄ = max (δ1, δ2, δ3) establishes the proposition.

Proof of Lemma 1. If every firm earns zero profits in any subgame following the

realization of an innovation, it must be that even if all firms equally share profits (α =

n/(n+ 1) of profits), splitting positive profits is not viable, since an even split is the easiest

equilibrium to sustain in the subgame. That is,

π >
1

n+ 1
π +

1

n+ 1

δ

1− δ
p (k∗) π

Only a choice of k > k∗ will increase the right hand side of the above inequality.

Proof of Lemma 2. Since there are continuation equilibria with positive profits, it

must be that an even split of the innovation is a continuation equilibrium, since that is the

easiest equilibrium to sustain in the subgame. Since Firm 1 does not invest k∗ for any of

these continuation equilibria, we have,

−k∗ +
1

n+ 1

δ

1− δ
p (k∗) π < 0. (14)

For any k, let (1− α (k)) be the smallest share for Firm 1 in the subgame following an

innovation, for which Firm 1 would be willing to invest k. That is,

k = (1− α (k))
δ

1− δ
p(k)π

α (k) = 1− k
δ

1−δp(k)π

From (14), α (k∗) < n
n+1

. Note that for k > k∗, α (k) < α (k∗), since α (k) δ
1−δp (k) π =

δ
1−δp (k) π − k ≤ δ

1−δp (k∗) π − k∗ = α (k∗) δ
1−δp (k∗) π, where the inequality follows from the

fact that k∗ maximizes −k + δ
1−δp (k)π, and since p is increasing in k.

Since an investment of k∗ by Firm 1 does not form part of an equilibrium, it must be that

if Firms 2,...,n obtain a share α(k∗)
n

of an innovation they will have an incentive to deviate.

That is,

π >
α (k∗)

n
π +

α (k∗)

n

δ

1− δ
p (k∗) π

=
α (k∗)

n
π +

1

n

(
δ

1− δ
p (k∗) π − k∗

)
(15)
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If a choice of k > k∗ by Firm 1 forms part of an equilibrium, then

π ≤ α (k)

n
π +

α (k)

n

δ

1− δ
p (k) π

=
α (k)

n
π +

1

n

(
δ

1− δ
p (k)π − k

)
≤ α (k)

n
π +

1

n

(
δ

1− δ
p (k∗) π − k∗

)
From (15) we have

α (k∗)

n
π +

1

n

(
δ

1− δ
p (k∗) π − k∗

)
< π ≤ α (k)

n
π +

1

n

(
δ

1− δ
p (k∗)π − k∗

)
⇒ α (k∗) < α (k) ,

a contradiction. Thus, all non-degenerate equilibria (if they exist), involve a choice of k < k∗

by Firm 1.

Proof of Proposition 3. Under the conditions of Proposition 2, for m = 1 all firms

collude at an equal split following an investment of k∗ and the innovator strictly wants to

invest k∗ at date zero. So we have,

π0
m
≤ 1

n+ 1

π0
m

+
1

n+ 1

δ

1− δ
mh(k∗)

π0
m

(16)

k∗ <
1

n+ 1

δ

1− δ
h(k∗)π0 (17)

when m = 1. Define m̂ as the value of m such that following an innovation, all players are

indifferent between colluding and deviating:

π0
m̂

=
1

n+ 1

π0
m̂

+
1

n+ 1

δ

1− δ
m̂h(k∗)

π0
m̂

⇔ n =
δ

1− δ
m̂h(k∗)

For m ≥ m̂, (16) holds so that Firm 1investing k∗ still forms part of an equilibrium.

If m < m̂, collusion is no longer possible, even in the most favorable situation of an

equal split of profits. From Lemma 1, the only possibility for a non-degenerate equilibrium

involves an investment greater than k∗. We now show that there are such equilbria.

Define k′ > k∗ by

k′ =
1

n+ 1

δ

1− δ
h(k′)π0
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We have n = δ
1−δm̂h (k∗) < δ

1−δm̂h (k′) . Define m′ < m̂ by

n =
δ

1− δ
m′h (k′)

For all m′ ≤ m ≤ m∗ it is an equilibrium for Firm 1 to invest k and the firms to evenly split

the profits from any innovation for some k > k∗ (in particular for k = k′).

Proof of Proposition 4. First note that k∗ maximizes −k + δ
1−δπ0h(k) and thus

satisfies

h′ (k∗) =
1
δ

1−δπ0
(18)

By assumption, for m = 1 there is an α′ < n
n+1

such that,

π0 ≤
α′

n
π0 +

α′

n

δ

1− δ
h(k∗)π0

k∗ < (1− α′) δ

1− δ
h(k∗)π0

while also

k∗ >
1

n+ 1

δ

1− δ
h(k∗)π0

Given k,define α̂ (k) by

α̂ (k) = min

{
1− k

δ
1−δh(k)π0

,
n

n+ 1

}

Note that either (1− α̂ (k)) is the smallest share of an innovation that will justify an in-

vestment of k by Firm 1, or an even split will justify the investment. Thus, for any m, an

investment of k forms part of an equilibrium if and only if

π0 ≤
α̂(k)

n
π0 +

α̂(k)

n

δ

1− δ
mh(k)π0

n ≤ α̂(k) + α̂(k)
δ

1− δ
mh(k)

Define r (α̂ (k) ,m) = α̂(k) + α̂(k) δ
1−δmh(k). By assumption, n ≤ r (α̂ (k∗) , 1).

Define m̂ by

n = r (α̂ (k∗) , m̂)

For m̂ ≤ m ≤ 1 Firm 1 investing k∗ forms part of an equilibrium. For m < m̂, Firm 1

investing k∗ does not form part of an equilibrium. Since α̂ (k∗) < n
n+1

, for m just below m̂,

in a subgame following the realization of an innovation, there are equilibria in which firms
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earn positive profits. From Lemma 2, the only possibility for a non-degenerate equilibrium

involves an investment less than k∗. We now show that there are such equilbria.

We have,

∂r (α̂ (k∗) ,m)

∂k
=

dα (k∗)

dk
+

δ

1− δ
m̂

(
dα (k∗)

dk
h (k∗) + α (k∗)h′ (k∗)

)
=

dα (k∗)

dk
+

δ

1− δ
m̂

(
dα (k∗)

dk
h (k∗) + α (k∗)

1
δ

1−δπ0

)

using 18 in the second equality. Also, since α̂(k∗) = 1− k∗
δ

1−δh(k
∗)π0

< n
n+1

dα̂(k∗)

dk
= − 1

δ
1−δπ0

(h (k∗)− h′ (k∗) (k∗))

h (k∗)2

dα

dk
h (k) = − 1

δ
1−δπ0

(h (k∗)− h′ (k∗) (k∗))

h (k∗)

= − 1
δ

1−δπ0

(
1− h′ (k∗) (k∗)

h (k∗)

)
= − 1

δ
1−δπ0

(
1− k∗

δ
1−δπ0h (k∗)

)
= − 1

δ
1−δπ0

α (k∗)

again using 18.

Hence
∂r (α̂ (k∗) ,m)

∂k
=
dα (k∗)

dk
< 0.

Since ∂r(α̂(k∗),m)
∂k

< 0, for some m < m̂ and k < k∗, n < r (α̂ (k∗) , m̂) .
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Table 1: Investment options in high vs low prize treatments

Low-prize treatments High-prize treatments

Investment Prize Probability Prize Probability

0 8 0 16 0

1 8 0.3 16 0.15

6 8 0.4 16 0.2

11 8 0.5 16 0.25

Table 2: Prisoner’s dilemma between innovator and parasite

H L

H Π/2,Π/2 0,Π

L Π, 0 0, 0

Note: Π = 8 for the low-prize treatments

and Π = 16 for the high-prize treatments

Table 3: Profits and deviation incentives in parasite treatments

Low-prize treatments High-prize treatments

Investment Expected Deviation Expected Deviation

profits of incentive profits of incentives

the innovator the innovator

1 12.6 -2.8 5.8 1.2

6 12.1 -5.1 3.1 -1.1

11 11.7 -7.3 0.3 -3.3

NOTE: Expected profits of innovator calculated under the assumption that (H,H) is played whenever a

prize is obtained. Deviation incentives is the difference between the prize (i.e deviation profits) and the

expected profits if (H,H) is played whenever a prize is obtained (i.e expected profits on equilibrium path).

A positive value for the deviation incentives means that that level of investment cannot be part of an

equilibrium.
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Table 4: Probability of observing no investment by the innovator

(1) (2) (3)

Patent treatment .57 .52 .16

(.50) (.40) (.60)

Individual controls (except risk) no yes yes

All controls no no yes

Number of observations 1756 1702 1692

NOTE: Standard errors clustered at the session level in parentheses. ***Significant at the 1 percent level,

**Significant at the 5 percent level , *Significant at the 10 percent level

Table 5: Probability of observing investment of 1 by the innovator

(1) (2) (3)

Low prize treatment .37∗∗ .29∗∗ .37∗

(.15) (.13) (.21)

Individual controls (except risk) no yes yes

All controls no no yes

Number of observations 947 893 893

NOTE: Standard errors clustered at the session level in parentheses . ***Significant at the 1 percent level,

**Significant at the 5 percent level , *Significant at the 10 percent level
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Table 6: Probability of parasite playing L in games where innovator invested 1

(1) (2) (3)

Low prize treatment -.44 -.36 -.71∗∗

(.38) (.31) (.36)

Individual controls (except risk) no yes yes

All controls no no yes

Clustered standard errors no no no

Number of observations 183 171 167

NOTE: Standard errors clustered at the session level in parentheses. ***Significant at the 1 percent level,

**Significant at the 5 percent level , *Significant at the 10 percent level
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Figure 1: Comparing investment levels
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Figure 2: Investment of one by treatment
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Figure 3: Investment of one: early vs later rounds
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Figure 4: Investment of one: patents vs parasites
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Figure 5: Pricing behavior following investment of 1
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Figure 6: Pricing behavior of parasite following investment of 1
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Figure 7: Pricing behavior by level of investment
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