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1 Introduction

Theoretical and empirical work in innovation economics suggests that the use of scientific
knowledge by setting up and maintaining good industry-science relations positively affects
innovation performance.1 The link with scientific knowledge is especially important in the
fast growing technologies like biotechnology, information technology and new materials.
Empirical evidence shows an intensification of the interactions between universities

and industry (e.g. Branstetter, 2003 and 3th E.U. report on S&T indicators, 2003).
But despite the surge in industry science interactions, the empirical evidence is equally
clear on showing significant institutional barriers to the commercialization of basic re-
search (OECD, 2001 and E.U., 2002). This leads to undersupply of university-industry
transfers, which often remain furthermore geographically restricted (Jaffe et al., 1993 and
Audretsch & Stephan, 1996). Thursby & Thursby (2002) qualify the growth in commer-
cial activities from universities as being mainly a growth in patent applications, less in
terms of disclosures and even negatively in terms of licenses executed.2 Thursby & Kemp
(2002) use a Data Envelop Analysis framework to study the productivity of university li-
censing. They find substantial evidence of inefficiencies across universities, which despite
the growth in commercial activities, seem to persist over time.
Fuelled by the notion that smooth interaction between science and industry is impor-

tant but not obvious for the success of innovation activities and ultimate economic growth,
industry science links (ISL) have become a central concern in many government policies
in recent years. Major benchmarking exercises are set up in the E.U. in search of effective
practices to improve the commercialization of the E.U. science base (Polt, 2001). But also
in the U.S., the search for good practices in ISL have received ample attention (see e.g.
Branscomb et al., 1999 and Siegel et al., 2003). These studies identify the importance of
an appropriate governance and incentive structure within the science institutions to gear
up academic R&D toward exploitation avenues.
In terms of organizational structure, creating a specialized and decentralized technol-

ogy transfer office (TTO) within the university is often viewed as instrumental for de-
veloping relations with industry. A dedicated transfer unit also allows for specialization
in supporting services, most notably management of intellectual property and business
development. There is however the issue of scale as smaller universities often lack the
resources and technical skills to effectively support such organizational arrangements and
investments. And, at the same time, a separate unit needs to be able to maintain close
enough relationships with the researchers in the different departments and have the proper
incentive mechanisms in place to ensure generation and disclosure of inventions.
In this paper, we show that a TTO can be instrumental in reducing the asymmetric

1See Adams (1990), Rosenberg & Nelson (1994), Mansfield & Lee (1996), Mansfield (1991), (1996)
and (1998), Henderson et al. (1998), Branscomb et al. (1999), and OECD (2002).

2The recent surge in university patenting in the U.S. is partly attrib uted to the Bayh-Dole act of
1980, which gave the universities the right to licence inventions from federally funded research.See the
analysis of Henderson et al. (1998), Mowery & Ziedonis (2000), Mowery et al. (2001), Hall et al. (2000),
Nelson (2001) and Sampat et al. (2003). See also Decheneux et al. (2003) on the issue of importance of
the effectiveness of intellectual property rights for firms to engage in industry-science links.
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information problem typically encountered in the scientific knowledge market. This prob-
lem of asymmetric information has been identified as critical in the market for scientific
know-how. We present a model on how the TTO can help alleviating it.
Using a repeated model in a framework where firms have incomplete information on the

quality of inventions, we develop a reputation argument for a Technology Seller to reduce
the asymmetric information problem. The Technology Seller willing to maintain a good
reputation, may have an incentive to “shelve” some of the (bad) projects, thus raising the
buyer’s beliefs on expected quality, which results in less but more valuable innovations
being sold at higher prices. We show that when the stream of innovations is slow, no
reputation can be built. For intermediary values of the stream of innovations, reputation
helps to realize some technology transfers at higher profits. The seller will guaranty a
minimum quality of the innovation transferred. He will be refrained from lying on the
quality of the invention, given the future value of reputation. The average quality offered
by the seller induces firms to adopt the technology, but some non-profitable innovations
are transferred. The quality guaranteed is increasing in the stream of innovations. When
the stream of innovations is high enough, the first best outcome is achieved since only
profitable innovations are transferred.
In our model, a TTO can be interpreted as a Technology Seller pooling innovations

from several research labs within the university. Hence, our results indicate that a TTO
is often able to benefit from this pooling capacity and to build a reputation. This is the
case when the total innovative activity of the university is large enough, but each research
lab is not so large that it is able to build a reputation by itself. However, when the stream
of innovations of each research lab is too small and/or the university has just a few of
them, even the TTO will not have enough incentives to maintain a reputation. We thus
explain the importance of a critical size for the TTO in order to be successful We also
predict, consistent with the empirical evidence, that a TTO may lead to less licensing
agreements, but higher revenue from innovation transfers.
After a literature review in Section 2, Section 3 presents the model and analyzes the

situations where reputation can allow to alleviate the asymmetric information problem on
the innovation quality. In Section 4, we present the advantages of a TTO in light of the
results of the previous section. Section 5 considers the robustness of the result when there
is also asymmetric information about the firms’ cost of adopting the innovation. Section
6 concludes. All the proofs are included in an Appendix.

2 A literature review

Our model adds to a recently emerging literature on the organization and performance of
university-industry technological transfers. A major problem identified in the literature
is the difficulty encountered by the universities to induce researchers first to disclose their
inventions and second to cooperate in further development after the license agreement.
Although the Bayh-Dole act stipulates that scientists must file an invention disclosure
with the university, this rule is rarely enforced. Instead, the university needs to have
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proper license contracts in place as incentive scheme, specifying a share for the inventors
in royalties or equity. This problem is studied in Macho-Stadler et al. (1996) and Jensen
& Thursby (2001) for the moral hazard problem with respect to inventor cooperation in
commercialization and in Jensen et al. (2003) with respect to inventor disclosure. Lach
& Schankerman (2003) provide strong empirical support for the importance of inventor’s
royalty shares for university performance in terms of inventions and licence income. They
also find that private universities which have higher inventors shares have higher license
incomes, suggesting a Laffer curve effect. The incentive effect seem to work both through
the level of effort and the sorting of researchers.
Even when disclosure is remedied through appropriate incentive schemes, not all in-

ventions will be patented and licensed by the university. This relates to the problem of
asymmetric information between industry and science on the value of the innovations.
Firms can typically not assess the quality of the invention ex ante, while researchers may
find it difficult to assess the commercial profitability of their inventions. The literature on
markets for technology suggests the use of a menu of fixed fees and royalties or equity to
signal the quality of the invention or to separate bad applications of the technology from
good ones (Gallini & Wright, 1990, Macho-Stadler & Pérez-Castrillo, 1991, and Beggs,
1992).
Hoppe & Ozdenoren (2002) present a theoretical model to explore the conditions

under which innovation intermediaries emerge to reduce the uncertainty problem. In-
termediaries may have an incentive to invest in expertise to locate new inventions and
sort profitable from unprofitable ones. The sunk costs to acquire this expertise can be
overcome if the size of the invention pool is large enough such that the intermediary can
exploit economies of sharing expertise. While the intermediary will reduce the uncertainty
problem, nevertheless the authors still find a high probability of inefficient outcomes due
to coordination failure. This type of model builds further on the more broader litera-
ture on intermediation to solve the asymmetric information on product quality between
sellers and buyers. Biglaiser (1993) uses an informal reputation argument, which induces
infinitely lived middleman to honor their warranties. Lizzeri (1999) investigates to which
extent an intermediary can serve as a certification agency signalling quality, taking into
account the potential for information manipulation.
Surprisingly, the organizational structure of technology transfers within science insti-

tutions had received little attention in the literature. Bercovitz et al. (2001) on a sample
of U.S. universities provide nevertheless evidence of the importance of the organizational
structure within the university for linking up with industry to explain university perfor-
mance in terms of patents, licensing, and sponsored research. Universities with a high
record in ISLs most often apply a decentralized model of technology transfer, i.e. the
responsibilities for transfer activities are located close to the level of researcher groups
and individuals, often through a dedicated TTO. Nevertheless, a wide variation in TTO
efficiency seems to exist. A majority of universities even if they have a TTO do no succeed
in securing a positive net income from their intellectual property (Nelsen,1998 and OECD,
2002). Further evidence from the U.S. in terms of good practices for technology transfer
units is provided in Siegel et al. (2003). Based on interviews at five major research uni-
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versities, the authors find constant returns to scale of TTO size with respect to licensing
activity, but increasing returns to scale with respect to licensing revenue. Qualitative
survey evidence complements their search for organizational practices increasing the pro-
ductivity of TTOs, such as the university’s royalty and equity distribution schemes and
the quality of the TTO staff, mixing lawyers, scientists and entrepreneurs/businessman
that are capable of serving as a bridge between the firms and the scientists.

3 Model

3.1 Model setup

We consider a model of technology transfer between a research institute and the industry.
In the remainder we will label the research institute as a university.3 A university has
a technology seller TS, infinitely lived. The TS may be a research lab itself with a
sufficiently large stream of innovations to offer. It may also be a dedicated TTO that is
able to pool innovations across research labs.4 In the basic set-up the TS in the university
establishes the terms of the technology transfer of any new innovation.
We assume that the TS has available a sequence of successful innovations at different

dates t. The quality qt of these innovations is ex-ante uncertain, qt ∈ [0, Q]. This is in
accordance with university inventions being often proof of concepts and lab-scale proto-
types. The quality of an innovation follows a distribution function F (.), invariant in time,
whose density function is f(.), with f(q) > 0 for all q ∈ [0, Q] . We will denote by qe the
expected (average) quality:

qe =

Z Q

0

qf(q)dq.

Innovations cannot be commercialized by the TS.5 There is a market for the inno-
vations, where firms are ready to commercialize them. We assume that an innovation is
transferred to a single firm and that each innovation is transferred to a different one.6

A firm obtains gross profits βqt when commercializing an innovation of quality qt, with
β > 0. The cost of adopting an innovation is a. In order to have a well defined problem
we assume that at least the best innovation is profitable: 0 < a < βQ. The costs of com-
mercializing an innovation are included in the parameter β associated to the innovation.

3Since we only consider the license revenues as the objective function of the university, we can treat
universities equal to any other private or public research institute. We ignore the specific trade off which
the university faces balancing its teaching and basic research with applied research.

4For the moment we assume no specific advantages nor costs which the TTO might have over individual
researchers or research labs, which makes that at this stage in the analysis we can interchange both
interpretations for the TS.

5Although the model is not specifically set up to study own commercialization activities of the univer-
sity through spin-offs, the analysis of spin-offs would nevertheless be along similar lines considering that
university spin-offs need private venture capital partners to be able to commercialize their inventions (see
e.g. Chan, 1983).

6Firms are hence short run players.
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In the basic model, the parameters a and β are taken to be public information, Section 5
treats the case of private information.
We assume that the technology-transfer contract takes the form of a share in running

profits, that is the TS will ask for a share s of the firm’s gross profits from the innovation.7

Hence, in a given period, the profits of the TS with an innovation of quality q that transfers
this innovation to a firm are:

R = sβq,

while the firm has profits
π = (1− s)βq − a.

We denote by δ ∈ [0, 1) the discount rate. Our main interpretation of the discount rate
is as a measure of the frequency with which the TS obtains innovations. If a long period
is necessary for the TS to obtain a new innovation then δ will be small, while when there
is a smooth flow of new innovations, δ will be large. In this sense, we interpret different
levels for the discount rate as reflecting different levels of “size” of a TS. A “big” TS is
able to obtain more frequently innovations and hence will have a higher δ. In addition we
can interpret the setting up of a dedicated technology transfer office within the university
as offering the benefit of pooling the innovations of the individual research labs. In this
perspective, the advantage of having a common TS, (what we could label as a TTO) is
the possibility to have more frequently innovations to sell than individual TSs. We will
discuss the case of the TTO more extensively in Section 4.
We assume that the TS has all the bargaining power in the determination of the

licensing contract. That implies that the TS makes a take-it-or- leave-it-offer to the firm.
The results will be robust to other specifications of the bargaining power.
As a first benchmark, we show the outcome when information is perfect. Under

perfect information, when the TS and the firm observe the quality of the innovation, the
optimal contract at a given period t is determined by two properties: (a) only profitable
innovations are sold, where profitable means that this innovation does not lead to losses
at the commercialization stage; and (b) for profitable innovations, the firm’s participation
constraint is binding : π = (1− s)βq − a = 0. The contract takes the form:

s∗t = 1−
a

βqt
for βqt ≥ a,

and no innovation is sold when βqt < a (even if these innovations were free the firm will
not accept to commercialize them).

7According to Feldman et al. (2002), taking equity positions is one important emerging mechanism
for innovation transfer from universities to firms. If we ignore the possible output distortion induced
by royalties through their effect on marginal cost of production, this specification, see also Hoppe and
Ozdenoren (2002), covers not only equity contracts, but also royalties (fees per unit of output sold),
the two most frequently used licensing methods for university inventions (Jensen & Thursby, 2001 and
Jensen et al., 2003). Additionally, Jensen & Thursby (2001) present some empirical evidence showing
the dominance of license revenues as objective for TTOs over alternative measures like the number of
patents, the number of inventions commercialized or the number of licences executed.
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Our second benchmark is the situation where there is imperfect information on the
quality of the innovation, that is, when only the TS observes the quality, but there is
only innovation at one period (equivalently, δ = 0). In this case, the innovation is sold if
its expected quality is high enough, i.e., if the innovation is profitable in expected terms.
When the TS can sell the innovation, the optimal contract is also determined by the
firm’s participation constraint in expected terms: (1− s)βqe − a = 0. Indeed, the TS is
interested in selling any (good or bad) innovation, so the expected quality of the proposed
innovation is qe.8 Hence, the optimal contract is:

sI = 1− a

βqe
for βqe ≥ a,

and no innovation is sold for βqe < a. When the expected quality is high enough, all
innovations, profitable or not, will be sold. When the innovation process is such that the
innovation is not profitable in expected terms, no innovation will be sold. In the case
βqe < a, there are also equilibrium contracts, equivalent for the TS, in which the TS sells
the best innovations at sI = 0 by guaranteeing that the innovation has at least quality
qI , βE

£
q/q ≥ qI

¤ ≥ a. Given that sI = 0, the TS has no incentive to lie since no revenue
can be obtained.
We now consider the repeated game under imperfect information where the TS has an

innovation at each period t and it cares about revenues from the stream of innovations
(δ > 0). We note that without reputation the only possible contract is sI for all q.9 We
will show under what conditions the TS can build up a reputation for honesty. Also, we
will analyze how this changes the quality of the innovations sold and the shares charged.
We assume that a firm that buys an innovation observes the quality of the innovation

when adapting it and will make this information public.10 This means that, before taking
the decision whether to buy an innovation at period t, the firm knows the quality of
(and the contracts signed for) the innovations sold at any period before t. This flow
of information to the market is the mechanism that may allow the TS to build-up a
reputation by affecting the beliefs about its honesty when transferring the innovation.
In what follows we will be interested in the Perfect Bayesian Equilibria (BPE) of

the infinite-horizon model. In particular, we will concentrate on a particular type of
equilibrium which is simple and very intuitive. We will analyze the equilibria where the
TS guarantees a certain quality for the innovation (i.e., the TS “ensures” the firm that
the innovation is at least as good as a certain quality threshold) and the firm believes
the TS except if the TS has lied in the past. If the TS lied at any date before t then
the firm believes that the TS will sell any innovation (hence, the expected quality of the

8Note that there is no room for signalling in this model in the one-shot game. All the innovations are
“pooled” and firms commercializing the innovation are only willing to pay the share corresponding to the
expected quality of the innovation.

9Given that only the TS knows the quality of the innovation before licensing it and we do not consider
a repeated game between the TS and a firm, since each firm only buys once, honesty cannot be acheived
by a mechanism where the firm can punish a deviation by the TS in the future through not buying.
10This is the simplest set-up. Similar results can be obtained when assuming that the market learns

about the true quality of the innovation with a certain probability.
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innovation is qe). Since we are looking for equilibria where the TS only “commits” to any
offered innovation being above the threshold, all such innovations will always be offered
under the same contract. There are, of course, other types of equilibria. For example, the
repetition of the static contract sI and no reputation is another possible equilibrium of
the dynamic game. Also, there are other equilibria where the TS can build a reputation.
In order to solve the sequential problem, where the TS can build up a reputation, we

concentrate on stationary equilibria, i.e., on contracts that do not depend on the period
but only on the quality of the innovation. The contracts will be of the following form:

st = so for qt ∈ [qo, Q] ,
and no contract will be offered if qt ∈ [0, qo) . These contracts set a profit-sharing rule and
“guarantee” a minimum quality for the innovation.11 Note that a big advantage of the
type of contracts proposed is that they are very easy to implement (almost bureaucratic):
at the onset, the TS sets the share so it will ask for any innovation it will offer (this
sharing rule can also be decided at the university level); then the TS will only have to
determine at each period whether to sell the innovation.
To induce honesty, that is, to be an equilibrium of the sequential game, the contract

(so, qo) has to be such that the TS has no incentive to lie to the firm. We denote by V the
ex-ante value of the relationship for the TS in an honest equilibrium when the contract
is (so, qo):

V = soβ

Z Q

qo
qf(q)dq + δV.

Then, we can obtain

V =
1

(1− δ)
soβ

Z Q

qo
qf(q)dq. (1)

The Incentive Compatibility Constraint requires that the TS has no incentive to try
to sell the innovation when its quality is lower than qo. This constraint can be written as:

δV ≥ soβq +
δ

(1− δ)
sIβqe for all q ∈ [0, qo) .

In words, no profit today plus the future value of the reputation is higher than the short
term profits of cheating but destroying the reputation for the future. Cheating implies
selling any future innovation at the profit share that corresponds to the expected quality:
sI , where for notational convenience we use sI = 0 when the TS does not sell under
asymmetric information. Note that the inequality is more difficult to be fulfilled the
higher is q, that is, the inequality holds for all q if and only if it holds for q = qo. Hence,
we can write this condition as:

δV ≥ soβqo +
δ

1− δ
sIβqe. (2)

11We restrict attention to this class of contracts because looking for the optimal contract (s(q), q)
seriously increases the computational complexity and requires identifying functional forms. The optimal
contract would not have the sharing role constant for all quality levels. A rough way of capturing this
non-linearity is to impose two regimes on the sharing rule: 0 and so.
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We will look for the optimal contract (the threshold quality qo and the sharing rule so)
that maximizes the TS payoff V among the contracts that are compatible with equilibrium
behavior (i.e., the TS must not have incentives to cheat on the quality, and the firm must
obtain non-negative profits).

3.2 Solving the Model

We will distinguish two cases: βqe < a and βqe ≥ a.
In the case when the expected quality of the innovations is low, βqe < a, then no

innovation is sold in a static set up. Taking into account (1), condition (2) leading to
honest behavior can be rewritten as:

δ

(1− δ)
so
Z Q

qo
qf(q)dq ≥ soqo. (3)

Note that the incentive compatibility constraint does not depend on so, when so > 0.
The contract offered by the TS must also satisfy the participation constraint for the firm
that commercializes the innovation at period t. Since the firm, being a short-run player,
is unconcerned about future payoffs, at any equilibrium each period’s choice of adopting
the innovation has to be a best response to the expected behavior of the TS. Given the
equilibrium beliefs that the quality of the innovation offered by the TS is at least qo, the
participation constraint for the firm is:

(1− so)βE(q/q ≥ qo) ≥ a, (4)

where

E(q/q ≥ qo) =
1

(1− F (qo))

Z Q

qo
qf(q)dq

is the expected quality of an innovation whose quality is higher than the threshold qo.
The participation constraint asks for the TS to set so and qo in such a way that the firm
does not make expected losses in equilibrium.
In order to present the optimal contract in the class of contracts we are considering,

we will simplify the expressions from now on, using the notation A = a
β
. Let us define the

following values:
• q̂ ∈ [0, Q) is implicitly defined by q̂ = δ

(1−δ)
R Q
q̂
qf(q)dq.

• q̃ ∈ [q̂, Q) is implicitly defined by R Q
q̃
qf(q)dq = (1− F (q̃))A.

Proposition 1 Assume A > qe. Then, there exist δ1 and δ2, with 0 < δ2 < δ1 < 1, such
that:

1. For δ ∈ [0, δ2] , the TS either does not transfer any innovation or it transfers for
free innovation guarantying a quality between q̃ and Q. That is, qo ∈ [q̃, Q] and
so = 0.

9



2. For δ ∈ (δ2, δ1) , the optimal contract guarantees a positive quality qo = q̂, which
is increasing with δ, lower than A. It sets so = 1 − A

E(q/q≥bq) > 0, which is also
increasing in δ.

3. For δ ∈ [δ1, 1] the optimal contract guarantees that the quality is at least qo = A and
sets so = 1− A

E(q/q≥A) > 0.

Proposition 1 presents the characteristics of the contract for a given A = a
β
as a

function of the parameter δ, when A is larger than qe. Remember that in this case no
innovation is sold, or at zero price, if we consider a one-period situation with imperfect
information (or an equilibria where the TS is not building any reputation). When the
information is imperfect, but the TS is able to build a reputation concerning the quality of
the innovation it is offering, Proposition 1 distinguishes three different regions concerning
the best contract that the TS can achieve.
If the discount rate is very low (region 1), there is no reputation building : the inno-

vation is never sold, or it is offered for free.12 This is the situations of those TS whose
stream of innovations is not too large, for instance, because a laboratory is not so big to
produce a continuous sequence of innovations, or because it is a TTO of a small university.
In this case, the TS’s expected future benefits are low. This means that the incentives
for the TS to cheat at any period are very important since it does not lose much by
lying: the expected future benefits if it keeps a good reputation are low. In fact, there is
no incentive-compatible contract where the share is positive. The only possible contract
involves selling (high-quality) innovations for free, or not selling innovations at all.
If the parameter δ has an intermediate value (region 2), reputation helps to realize at

least some technology transfers at a profit. The TS guarantees some quality threshold
qo, positive but smaller than A. Given that guaranteed threshold, the expected quality
of the innovation is higher than both qe and A. Therefore, the firm is ready to adopt the
technology (and pay some share of the benefits to the TS). Notice that, at equilibrium, the
threshold qo is belowA, hence some innovations which are sold turn out to be unprofitable.
Finally, if the discount rate is very large (region 3), the temptation for the TS to

cheat is low. Since, the TS will be able to sell many innovations in the future, loosing
the reputation of guarantying a certain quality is very costly. Given that the TS is able
to extract all the surplus, it is interested in the relationship being as efficient as possible.
Hence, only profitable innovations are (and they are all) transferred to the market, i.e.,
qo = A.
Figure 1 summarizes the results in Proposition 1.

[Insert Figure 1 about here]

It is interesting to check how the optimal contract depends on the cost of adapting
the innovation (a) or the commercial attractiveness of the innovation (β) both of which
are analyzed through the parameter A. These comparative statics are the following:

12Note that transferring ideas for free does not necessarily have to be interpreted as contracts with zero
price, but rather as free information transmission through publications for instance.
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Corollary 2 Assume A > qe :

1. If δ ∈ [0, δ2] then
∂so

∂A
= 0,

∂qo

∂A
> 0.

2. If δ ∈ (δ2, δ1) then
∂so

∂A
< 0,

∂qo

∂A
= 0.

3. If δ ∈ [δ1, 1] then
∂so

∂A
≶ 0, ∂qo

∂A
> 0.

The effects have the expected direction. In the extreme case where no innovation is
sold in equilibrium because the discount rate is too low, δ ≤ δ2, increasing marginally the
cost parameter does not matter much for the profit share, but the quality guaranteed by
the TS needs to be higher for the firm to accept it. In the other extreme case, when the
innovations are sold via the first-best contract, δ ≥ δ1, an increase in A helps to increase
the quality guaranteed by the TS and has an ambiguous effect on the profit share. The
most interesting case is for the intermediary values of the discount factor δ. In this region,
the quality guaranteed does not depend on A while the profit share is decreasing in A.
That allows the TS to extract a higher profit, making an honest reputation more valuable
when innovations are more attractive.

Let us now consider the case in which the expected quality of the innovations is large:
qe ≥ A. In this case, if the firm beliefs that the TS is offering any innovation (because
the TS lied in the past), it is ready to accept the innovation if the share is lower or
equal than sI = 1 − A

qe
, which is the share that the TS will indeed offer. Since we are

looking for a PBE where the TS does not cheat and only offers innovations of quality
above a threshold qo, the incentive compatibility constraint asks for the TS not to have
an incentive to try to sell the innovation when its quality is lower than qo. The condition
leading to honest behavior (2) can be rewritten in this case as:

δ

1− δ

·
soβ

Z Q

qo
qf(q)dq − (qe −A)

¸
≥ soβqo. (5)

As it is easy to see comparing equations (3) and (5), the Incentive Compatibility
Constraint is more demanding when qe > A than when qe < A. This is reflected in the
term δ

1−δ (q
e −A). Indeed, in this case reputation is more difficult to built because in case

of deviation, the TS is able to still sell the innovation post-cheating at the profit share
that corresponds to the expected quality, sI , and hence still obtains positive gains in the
future when cheating. This implies that when the expected quality of innovations is high,
reputation building matters less.
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Proposition 3 Assume A ≤ qe. Then, there exist δ3 and δ4, with 0 < δ4 ≤ δ3 < 1, such
that

1. For δ ∈ [0, δ4] , the TS transfers any innovation asking for a share so = sI . That is,
qo = 0 and so = 1− A

qe
.

2. For δ ∈ (δ4, δ3) , the optimal contract guarantees a positive quality, increasing with
δ, lower than A, qo = q̄ ∈ (0, A) , and sets so = 1− A

E(q/q≥q̄) > 0, also increasing in
δ. This region does not always exist.

3. For δ ∈ [δ3, 1] , the optimal contract guarantees a quality qo = A and sets so =
1− A

E(q/q≥A) > 0.

Proposition 3 summarizes the result when the average quality of the innovation is
high compared with its cost of being adopted by the firm. Again, given A, for very low
δ no reputation can be build and all innovations are transferred at the static optimal
equity share. As the discount rate δ increases the innovations are less often sold but their
average quality is higher and hence the profits for the TS are also higher as compared to
the no-reputation outcome. In this area, there are clearly returns to reputation building
by the TS. When δ is close to one the first best situation is achieved.
Figure 2 summarizes the results of Proposition 3.

[Insert Figure 2 about here]

The next result summarizes how the optimal contract depends on the cost of adapting
the innovation or its commercial value.

Corollary 4 Assume A ≤ qe :

1. If δ ∈ [0, δ4] then
∂so

∂A
< 0,

∂qo

∂A
= 0.

2. If δ ∈ (δ4, δ3) then
∂so

∂A
> 0,

∂qo

∂A
> 0.

3. If δ ∈ [δ3, 1] then
∂so

∂A
≶ 0, ∂qo

∂A
> 0.

The effects are as expected given that A ≤ qe. When there is no reputation (δ
very small) all innovations are sold and the equity share is decreasing in the costs of
commercialization of the innovation and increasing in its value. For very high levels of δ,
when reputation has a very high value, the first best is achieved. The quality guaranteed
is increasing in A and the effect on the equity share is undetermined. For intermediate
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values of δ the quality guaranteed by the TS increases with A and the equity share also
does.
Figure 3 illustrates, in the (δ,A) space, the contracts that the TS offers as a function

of the frequency of the innovations produced by the TS (represented through the discount
rate parameter δ) and the cost/benefit parameter A. The figure is set for the case of a
uniform distribution function over the possible qualities: f(q) = 1

Q
, for any q ∈ [0, Q].

Similar figures would be obtained for any other distribution function.

[Insert Figure 3 about here]

4 The role of a specialized Technology Transfer Office

In this section we discuss how our results contribute towards explaining when it is ben-
eficial for the University to have a specialized Technology Transfer Office and whether
having a TTO improves the efficiency of the university licensing market. The model fo-
cuses on the advantage the TTO has in pooling projects across research labs within the
university. In this perspective, the advantage of having a TTO is the possibility to have
more frequently innovations to sell. Hence, increasing δ can be interpreted as having a
larger pool of innovations available for the TTO as compared to individual TSs. We
ignore for the moment any other benefits the TTO might offer in terms of specialized ser-
vices or capabilities that may directly improve the value of the innovation (in the model
by increasing qe or β or reducing a ) or reduces the uncertainty on the value of the in-
novation for the firms. When we interpret the TS as a common TTO we abstract from
any principal agent problems between the TTO and the RL researchers, i.e. we assume
that an appropriate internal contract scheme is in place that alleviates all possible moral
hazard and asymmetric information problems between the TTO and the researchers, such
that there is generation and disclosure of inventions by the researchers to the TTO. That
is, the TTO is able to assess the quality of the innovation. Finally, we ignore any fixed
costs of setting up a TTO. We will nevertheless discuss how any such costs associated
with the setting up of a TTO should be shared between the research labs.
For the sake of clarity, we start our discussion assuming a university with very similar

research labs (RL), all of them with the same stream of innovations. We denote δR and
δT the discount rates representing the stream of innovations of, respectively, each RL and
the TTO. Clearly, δT > δR, δT being much larger than δR if the number of RLs is very
large.
When δT is low, i.e. the stream of innovations within the whole research organization

is not large enough, (δT ≤ δ2)13, pooling of innovations within a TTO will not be strong
enough to induce reputation building. A TTO achieves the same (inefficient) outcome
as the RLs themselves. Hence, “very small” universities or universities with not very

13Most of the explanation that follows will be independent of the parameter A being larger or smaller
than qe. Therefore, we simplify notation writing δ2 and δ1 all the time, although they refer to “either δ2
or δ4” and “either δ1 or δ3”.

13



innovative departments, do not gain from having a TTO, if its sole advantage is to pool
innovations.
When δR is high, (δR ≥ δ1) the stream of innovations of each individual RL is already

so large that there is no incentive to pool innovations, given that “large” RLs are able
to build a reputation by themselves and sell their innovations in an efficient way. This,
however, may only be the case of very large RLs.
It is clear that in the two previous cases, with high δR or low δT , incurring the extra

cost of having a TTO is not interesting for a university, unless the TTO is able to offer
other advantages.
Most science-oriented universities are likely to be in the region where the size and

innovative activity of the whole university is frequent enough so that δT is larger than
δ2 but each individual RL is not so large, hence δ

R is smaller than δ1. In this situation,
a TTO helps selling the innovations in a more efficient and profitable way. A TTO will
not try to sell all innovations. It will have an incentive to “shelve” some innovations,
thus raising the firm’s beliefs on expected quality, which results in less, but more valuable
innovations being sold at higher prices. Individual RLs, having a too small stream of
innovations, do not have a similar incentive. They either will be unable to sell (in case
A > qe) or they will try to sell innovations of any quality. In this case it pays for the
university to have a TTO if only because of the reputation building argument. If there
would be any costs to setting up a TTO, the university needs to trade off the reputation
benefits from having a TTO, with these extra costs.
Note that when the expected quality of the stream of innovation is low, any internal

sharing of s◦ between the TTO and the RL, to alleviate moral hazard problems with
respect to invention generation and disclosure, will not affect the incentive for the TTO
to build reputation. Indeed, sharing the returns with the researchers and hence having a
lower s◦ dedicated for the TTO, does not affect its Incentive Compatibility Constraint (as
it can be checked in equation (3)). However, the sharing of so may affect the incentives
to build a reputation when the expected quality of innovations is high, as it is shown in
equation (5).
Our reputation story for a TTO is able to explain the importance of a critical size for

the TTO in order to be successful. Size, expressed in terms of a large stream of innovations
at university level, is important to establish the incentives for reputation building. But the
size relationship is not linear. Initially, starting at low values for δT (< δ2) having a TTO
pooling RLs, may not be sufficient to move the university to the area where the benefits
from reputation can be cashed. But if we are in higher levels for δT (≥ δ2) with not too
high levels of δR (< δ1) the pooling of RL, will lead to higher revenues per innovation
sold. We thus have increasing returns to scale in this area. These increasing returns are
only in revenues. In terms of number of licenses, we don’t have scale effects, since the
TTO will shelve some innovations to build up its reputation. Hence the model results are
consistent with the supra reported empirical results from Siegel et al. (2003) who found
increasing returns to scale for license revenues, but not for number of contracts. A simple
explanation from returns to scale in specialized services would not be able to explain both
results. Similarly, our model is able to explain that despite the growth in patents after

14



the Bayh-Dole act in the US, the growth in licenses executed is smaller (see Thursby &
Thursby, 2002).
Having indicated the conditions in which a TTO would be beneficial to a RL within

the university, and given the extra cost it typically involves to have a TTO, the question
remains within the research organization, how this cost should be allocated to the various
RLs. If all RLs have the same δR, as in the explanation above, they equally benefit,
leaving an equal split of costs as a natural outcome. However, if there are differences
among RLs in terms of the size of the stream of innovations generated, i.e. differences
in the parameter δR, the benefits of having a TTO are no longer identical for all RLs.
For instance, a very large lab, with δR ≥ δ1 already obtains his first best, while a small
lab with δR ≤ δ2 would very much benefit from having a TTO, pooling all innovations.
The university in total wins from having a TTO that allows for reputation building, but
in view of the differences in participation constraints from the individual RLs, all costs
should in this example be borne by the small research lab. Hence, with a reputation story
for the TTO, the labs who use less the TTO for transactions should pay most of the cost,
since they benefit most from the reputation building. This is different from a standard
allocation of costs proportional to use of services, which would be predicted by a TTO
model that only considers the supply of specialized services as rationale for a TTO.

5 Asymmetric information on the firm’s cost of adopt-
ing the innovation

In this section we will show that the results derived in Section 4 are robust and still holds
when there is two-sided asymmetric information, i.e. in addition to the firm not knowing
the quality of the invention, the TS does not know the parameter A that characterizes
the firm buying the innovation at date t. This parameter measures the cost of commer-
cialization a and/or the commercial value of innovation β. We assume that the firm’s
characteristic A takes values in A ∈ [0, Q], according to a density function g(A), with
g(A) > 0 for all A, and a distribution function G(A). We take for simplicity β = 1. (Note
that even if we can discuss the results in terms of A, β still appears in the TS objective
function). The analysis is cumbersome, so we will do it in the simplest framework, with
uniform distributions for both the quality of the innovation q and the firm’s parameter A.
However, it is easier to understand the conditions for general distributions, and we will
proceed by explaining the expressions in general and then providing the solution for the
uniform case.
We will show that when the TS does not have complete information about A and

takes decisions in expected terms, it is still true that a TS with a higher δ will be more
efficient and obtain more profits. In addition, we can show that complete information
about the firm’s type allows to obtain higher profits.
Before dealing with the formal analysis of this case, there are two important points to

note. First, the analysis of the incomplete information case aboutA is not straightforward,
since now the participation constraint is very different. Second, considering that the seller
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has an informational advantage on the quality of the innovation and the buyer on the cost
of adopting it induces a two-sided asymmetric information problem. In our model, the
buyer cannot signal its information, nor establish a reputation on it being a one-shot
player. We also assume that the seller cannot offer a menu of self-selecting contracts.14

In the two-sided asymmetric information set-up, the first best is not well defined since
the TS decides on expected terms and the first best would require to set a zero payment.
The second best situation is defined as the situation that generates the maximum surplus
in expected terms. Formally, the solution maximizes the following objective function:Z Q

q∗

·
G(A∗)q −

Z A∗

0

Ag(A)dA

¸
f(q)dq.

The maximum of this expression is reached at the point (q∗, A∗) that satisfiesZ Q

q∗
qf(q)dq = A∗ [1− F (q∗)]Z A∗

0

Ag(A)dA = q∗G(A∗).

This system of equations has always a solution. For the uniform distribution (both on q
and A) the second best solution is reached at (q∗ = Q

3
, A∗ = 2Q

3
).

We now briefly analyze the static benchmark (corresponding to δ = 0). The TS will
try to sell all the innovations, hence the expected quality will be qe. The only decision
it has to take concerns the share s it will ask to any firm accepting the contract. A firm
with parameter A buys the innovation if and only if A ≤ (1− s) qe. Consequently, the
TS’s profits are:

sq

Z (1−s)qe

0

g(A)dA = sqG((1− s) qe).

The first order condition with respect to s is:15

qG ((1− s) qe)− sqqeg((1− s) qe) = 0,

that is G ((1− s) qe) − sqeg((1− s) qe) = 0 for any q > 0. Let us call sD the solution
implicitly defined by this condition, that does not depend on the particular q that the TS
has for selling at this date. For the uniform distribution (g(A) = 1

Q
), sD = 1

2
. The TS’s

profits for a given q are:
RD = sDqG((1− s) qe),

and in expected terms:
RE = sDqeG((1− s) qe).

For the uniform case, these values are RD = qeq
4Q
and RE = (qe)2

4Q
.

14See Gallini & Wright (1990), Macho-Stadler and Pérez-Castrillo (1991), and Beggs (1992) for analyses
of optimal licensing contracts under asymmetric information in a static framework.
15The second order condition is satisfied if 2sg0((1− s)qe) < g((1− s)qe).
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Now let us consider the dynamic case, for δ > 0, and a “contract” (so, qo) . A firm with
parameter A that believes that the TS is only offering innovations with quality above qo

accepts to pay a share so if and only if:

A ≤ (1− so)E(q/q ≥ qo).

As in Section 2, for the strategies behind the “contract” (so, qo) to be a PBE, the
Incentive Compatibility Constraint for the TS must be satisfied. Now, if the TS cheats
by offering an innovation with quality below qo, it is only discovered if the contract is
accepted, that is, if the firm has low cost A. The Incentive Compatibility Constraint is
then:

δ

1− δ
soG((1− so)E(q/q ≥ qo))

Z Q

qo
qf(q)dq ≥ soq +

δ

1− δ
RE for all q < qo.

The Incentive Compatibility Constraint can be written as:

δ

1− δ

µ
soG((1− so)E(qo))

Z Q

qo
qf(q)dq −RE

¶
≥ soqo. (6)

In the next proposition, we state the optimal contract as a function of the discount
rate:

Proposition 5 Assume that q and A are uniformly distributed in the interval [0, Q] .
Then,

1. For δ ∈ £0, 8
9

¤
the TS transfers the innovation with the optimal static contract:

so = 1
2
and qo = 0.

2. For δ ∈ ¡8
9
, 72
77

¢
the optimal contract guarantees a positive quality (increasing with

δ) and sets so > 0 (first decreasing and then increasing in δ).

3. For δ ∈ £72
77
, 1
¤
the optimal contract is the second best situation: so = 1

2
and qo = Q

3
.

Let us now consider the welfare as a function of δ. Welfare is equal to the profit of
the TS plus the profit of the firm (note that the TS cannot extract all the surplus since
it does not known the exact characteristic of the firm). Obviously, the profit of the TS
is increasing in δ, but the profit of the firm needs not to be increasing in δ. Formally, in
general terms, welfare takes the form:

W (so (δ) , qo (δ)) =

Z Q

qo

"
G((1− so)E(qo))q −

Z (1−so)E(qo)

o

Ag(A)dA

#
f(q)dq,

which for the uniform distribution and depending on the region of the discount rate leads
to:
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For δ ∈
·
0,
8

9

¸
W

µ
so =

1

2
, qo = 0

¶
=
3

32
Q

For δ ∈
µ
8

9
,
72

77

¶
W (so, qo) =

Q

8

Ã
1−

µ
(1 + 2q2 − q)

(2 + q2 − q)

¶2!
(1 + q)

¡
1− q2

¢
For δ ∈

·
72

77
, 0

¸
W

µ
so =

1

2
, qo =

Q

3

¶
=
1

9
Q

The buyer’s profits for the uniform distributions are:

For δ ∈
·
0,
8

9

¸
Π

µ
so =

1

2
, qo = 0

¶
=
1

32
Q

For δ ∈
µ
8

9
,
72

77

¶
Π (so, qo) =

Q

8
(1− q)3

(1 + q)4

(2 + q2 − q)2

For δ ∈
·
72

77
, 0

¸
Π

µ
so =

1

2
, qo =

Q

3

¶
=
1

27
Q

For δ ∈ ¡8
9
, 72
77

¢
the firm’s profits are first increasing and then decreasing. In this

region, for some values of δ the firm has a higher profit than in the second best situation.
The profits of the firm in this region are always superior to the ones obtained in the static
set-up (the ones obtained for any δ lower than 8

9
).

Having developed the extension of asymmetric information on the firm’s cost of adopt-
ing the innovation, the model is now also able to incorporate another advantage a TTO
might offer, beyond the pooling of innovations to build reputation. When the TTO would
invest in building a capacity to better screen the value of innovations, for instance by
taking on board specialized technology officers with a “boundary spanning role”, in the
Siegel et al. (2003) terminology, it could reduce the asymmetric information the Technol-
ogy Seller faces on the commercial value of the innovation, i.e. on the parameter A. In
our model this would correspond to a move from the outcome as described in Section 5
with two-sided asymmetric information (in case of no TTO) to the outcome of one-sided
asymmetric information with a TTO described in Section 3. Without explicitly comparing
both scenarios, the logic of the results indicate that the benefits of a TTO will depend on
the value of δ, where we have to distinguish the three regions. In the region of high and
low δ, there is no reputation building in both cases and the elimination of the asymmetric
information on A leads to the classical improvement from second to first best contracts.
With intermediary values for δ, the asymmetric information reduction complements the
reputation building through a TTO.

6 Conclusion

The current debate on the importance of academic research for innovation and welfare
creation has identified the lack of smooth interaction between science and industry as a
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possible bottleneck in innovation and growth performance. This paper adds to the recently
growing literature analyzing the organizational structure of technology transfers within
science institutions. It provides a theoretical model helping to explain the specific role a
technology transfer office (TTO) may have in stimulating the transfer of know-how from
the science base into commercial applications, by reducing the asymmetric information
problem the firms face on the quality of the innovations.
Our results indicate that a TTO is often able to benefit from its capacity to pool the

innovations across research units within universities and to build a reputation. This is the
case when the total innovative activity of the university is large enough (either because
there are many, although not very innovative, research labs; or because there are a few
active large research labs) but each research lab is not so large that it is able to build
a reputation by itself. The TTO, being able to pool innovations across research labs,
will have an incentive to “shelve” some of the projects, thus raising the buyer’s beliefs
on expected quality, which results in less but more valuable innovations being sold at
higher prices. However, when the stream of innovations of each research lab is too small
and/or the university has just a few of them, the TTO will not have enough incentives
to maintain a reputation. Our reputation model for a TTO is thus able to explain the
importance of a critical size for the TTO in order to be successful as well as the stylized
fact that TTOs may lead to “shelving” of innovations and hence less licensing agreements
but higher income from innovation transfers. This is consistent with returns to scale in
terms of revenues once the size of the total innovation activity of the university reaches a
certain threshold, but not in number of innovations sold.
Although the model contributes to explaining the role of TTOs improving on the

market for university technology licensing, it offers only a partial view on the rationale for
such intermediary institutions. Next to the reputation building argument, other benefits
from specialized services that these TTOs may offer, need to be accounted for as well,
such as screening and scanning capabilities and intellectual property management. At
the same time, the costs that setting up TTOs invoke need to be traded off with the
benefits. Furthermore, these costs need to be allocated to the research labs, which may
become a non-trivial concern when they have different profiles. Future research in this
topic should also incorporate the internal structure of the relationship between the TTO
and its research labs. Especially when research labs differ in terms of size and quality
of innovations, not only the sharing of the TTO costs but also the design of optimal
incentive based contracts to ensure participation and disclosure by research labs becomes
a challenging issue.
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8 Appendix

Proof of Proposition 1. We are considering Perfect Bayesian equilibria (PBE) where
the TS follows a strategy characterized by the parameters (so, qo). Given the incentive
compatibility constraint that the contract must satisfy for the TS not to be interested in
deviating from its strategy, and the participation constraint for the firm to be interested
in buying the innovation when it is offered to it, the best contract that is a PBE is the
one that solves the following program:

Max
(so,qo)

½
soβ

Z Q

qo
qf(q)dq

¾

s.t.
δ

(1− δ)
so
Z Q

qo
qf(q)dq ≥ soqo

(1− so)E(q/q ≥ qo) ≥ A

so ≥ 0
so ≤ 1, qo ≥ 0, qo ≤ Q. (7)

We will forget condition (7) by now, and check after that the solution to the program
without this condition does satisfy it.
With the previous simplification and substituting E(q/q ≥ qo) by its value, the previ-

ous program can be rewritten as:

Max
(so,qo)

½
soβ

Z Q

qo
qf(q)dq

¾

s.t.
δ

1− δ
so
Z Q

qo
qf(q)dq ≥ soqo (8)

(1− so)

Z Q

qo
qf(q)dq ≥ (1− F (qo))A (9)

so ≥ 0. (10)

In the Lagrangian function, we associate multipliers λ, µ, and γ respectively to the
constraints (8), (9), and (10). From the FOC we obtain:

∂L
∂so

= β

Z Q

qo
qf(q)dq + λ

µ
δ

1− δ

Z Q

qo
qf(q)dq − qo

¶
− µ

Z Q

qo
qf(q)dq + γ = 0. (11)

Hence,

µ = β + λ

Ã
δ

1− δ
− qoR Q

qo
qf(q)dq

!
+

γR Q
qo
qf(q)dq
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and for so > 0 we have µ > 0 (using (8)).

∂L
∂qo

= −soβqof(qo)− λso
·

δ

1− δ
qof(qo) + 1

¸
+ µf(qo) [A− (1− so) qo] = 0. (12)

1.- Consider the region where λ > 0 and so > 0. Then, γ = 0, µ = β > 0 and qo and
so are determined by constraints (8) and (9) with equality:

δ

1− δ

Z Q

qo
qf(q)dq = qo (13)

(1− so)β

Z Q

qo
qf(q)dq = (1− F (qo)) a. (14)

Hence, qo = bq, where bq is defined as the implicit solution of equation (13). This bq
satisfies the constraint qo ∈ (0, Q) since the right hand of the equation is an increasing
(and linear) function of qo that goes from 0 to Q, and the left hand of the expression is
a decreasing function of qo that goes from δ

1−δq
e to 0. Hence the two expressions coincide

in a unique interior solution bq. The optimal share is obtained from (14):

so = 1− (1− F (bq))R Qbq qf(q)dq
A. (15)

It is easy to see that so defined in (15) is lower than 1. On the other hand, so > 0 (γ = 0)
if and only if:

A < A2 ≡
R Qbq qf(q)dq

(1− F (bq)) .
(Note that bq does not depend on A.) In addition, in this region equation (12) gives λ:

λ =
β (A− bq) f(bq)

so
£
1 + δ

1−δbqf(bq)¤ . (16)

Hence, for γ = 0, λ defined by (16) is positive if and only if bq < A. This implies that
the previous contract is a candidate only if A > A1 ≡ bq. It is easy to verify that A1 < A2.
In order to translate the constraints is terms of the discount rate δ, note that (13) is

an increasing function of δ. If δ goes to zero q̂ goes to zero, and when δ goes to one q̂ goes
to Q. This implies that q̂ is an increasing function of δ and takes values in the interval
[0, Q]. The intersection of A and q̂ implicitly defines δ1 : q̂ (δ1) = A. The threshold A2 is
also increasing in δ and takes values in the interval [qe, Q] . The intersection of A and A2
defines δ2:

A2 ≡
R Qbq(δ2) qf(q)dq
(1− F (bq (δ2))) .

Note that δ2 < δ1.
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Summarizing, we have checked that qo = bq and so defined by (15) is an interior
candidate for solution when δ ∈ (δ2, δ1) .
2.- If λ = 0 and so > 0, then qo and so are determined by equation (12) (taking into

account γ = 0, λ = 0 and µ = β) and by condition (9) with equality, respectively:

qo = A,

so = 1− (1− F (A))AR Q
A
qf(q)dq

. (17)

Note that so is always positive and lower than 1. Also qo ∈ [0, Q] .
Therefore, the last Kuhn-Tucker condition to be checked to make sure that the previous

(so, qo) is indeed a candidate solution is (8), that is,

A ≤ δ

1− δ

Z Q

A

qf(q)dq.

Given that q̂ (= A1) is the only value that satisfies the expression with equality, it is easy
to check that the inequality holds if and only if A ≤ A1, i.e., δ ≥ δ1. Hence, qo = A and
so defined by (17) is a candidate solution when δ ≥ δ1.
3.- Finally, consider the region where so = 0. Equation (8) holds. In this region, the

Khun-Tucker conditions are:

(β − µ)

Z Q

qo
qf(q)dq + λ

µ
δ

1− δ

Z Q

qo
qf(q)dq − qo

¶
+ γ ≤ 0,

µ (A− qo) = 0,

µ

µZ Q

qo
qf(q)dq − (1− F (qo))A

¶
= 0, andZ Q

qo
qf(q)dq ≥ (1− F (qo))A.

First of all, we show that in this region µ = 0. From µ (A− qo) = 0 we have that
either µ = 0 or A = qo. But qo = A and

µ

µZ Q

qo
qf(q)dq − (1− F (qo))A

¶
= 0

imply µ = 0 (since qo = A < Q).
Therefore,

λ

µ
δ

1− δ

Z Q

qo
qf(q)dq − qo

¶
≤ −β

Z Q

qo
qf(q)dq − γ.

We consider two sub-regions:
(3.i) γ = 0 and qo = Q (which implies that the previous condition is written as λ (−Q) ≤

24



0) and satisfies all constraints. Then the candidate in case (3.i) is so = 0 and qo = Q (no
license is sold).
(3.ii) γ > 0 and/or qo < Q which imply λ > 0 and qo > δ

1−δ
R Q
qo
qf(q)dq. This last condition

can be rewritten as
qoR Q

qo
qf(q)dq

>
δ

1− δ
,

where the left-hand side of the inequality is increasing in qo. Also, given the definition ofbq, qo > δ
1−δ
R Q
qo
qf(q)dq if and only if qo > bq.

The optimal qo has also to fulfill the following condition:Z Q

qo
qf(q)dq ≥ (1− F (qo))A.

Note that 1
(1−F (qo))

R Q
qo
qf(q)dq is increasing in qo, and A2 ≡ 1

(1−F (bq)) R Qbq qf(q)dq. Hence,

qo > bq implies 1
(1−F (qo))

R Q
qo
qf(q)dq > A2. Then, for every A > A2 (that is, for every

δ < δ2) there is q̃ ∈ (bq,Q) satisfying R Qq̃ qf(q)dq = (1− F (q̃))A. When A converges
towards Q, then q̃ goes towards Q as well. The optimal contract in case (3.ii) is so = 0
and any qo ∈ [q̃, Q) with q̃ determined byR Q

q̃
qf(q)dq

(1− F (q̃))
= A.

Note that these contracts give zero profits to the TS.We can summarize the candidates
in the region so = 0 as the ones guaranteeing any qo ∈ [q̃, Q].
Finally, note that by assumption we are in the case A > qe. Hence, we have to check

under what conditions A1 and A2 are higher than qe. It is easy to check that A2 > qe for
any combination of parameters. Now A1 > qe ⇐⇒ q̂ > qe ⇐⇒ δ > δ1 where δ1 is defined
by

δ1
1− δ1

Z Q

qe
qf(q)dq = qe.

This completes the proof of the proposition, since the three candidates are unique in the
region where they are candidates, and moreover they satisfy condition (7).

Proof of Corollary 2. The derivatives of qo and so are immediate from the
expressions in Proposition 1. We just compute here ∂so

∂a
for A ≤ A1 :

∂so

∂a
= −

(1− F (qo))
R Q
qo
qf(q)dq −Af(qo)

hR Q
qo
qf(q)dq − (1− F (qo)) qo

i
³R Q

qo
qf(q)dq

´2 1

β

sign

·
∂so

∂a

¸
= sign

·
− (1− F (qo))

Z Q

qo
qf(q)dq +Af(qo)

µZ Q

qo
qf(q)dq − qo (1− F (qo))

¶¸
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The first term is positive and the second one is negative because
R Q
qo
qf(q)dq > qo (1− F (qo)).

Hence, the sign is ambiguous.

Proof of Proposition 3. The optimal contract solves the following program:

Max
(so,qo)

½
soβ

Z Q

qo
qf(q)dq

¾

s.t.
δ

1− δ

·
so
Z Q

qo
qf(q)dq − (qe −A)

¸
≥ soqo (18)

(1− so)

Z Q

qo
qf(q)dq ≥ (1− F (qo))A (19)

so ≥ 0 (20)

qo ≥ 0. (21)

where we will forget the constraints so ≤ 1, qo ≤ Q and will check later that they hold in
the proposed optimum.
Associating multipliers λ, µ, γ and η to the four constraints, the two FOCs of the

previous program are:

∂L
∂so

= β

Z Q

qo
qf(q)dq + λ

µ
δ

1− δ

Z Q

qo
qf(q)dq − qo

¶
− µ

Z Q

qo
qf(q)dq + γ = 0

and

∂L
∂qo

= −soβqof(qo)− λso
·

δ

1− δ
qof(qo) + 1

¸
+ µf(qo) [A− (1− so) qo] + η = 0.

1.- Consider the region where λ = 0, η = 0 and so > 0 (then, γ = 0). Following the
same steps as in 2 of the proof of Proposition 1) µ = β, qo = A, and:

so = 1− (1− F (A))AR Q
A
qf(q)dq

,

with so ∈ [0, 1] and qo ∈ [0, Q] . Hence, the last Kuhn-Tucker condition to be checked is
(18), that is,"

1− (1− F (A))AR Q
A
qf(q)dq

#·
δ

1− δ

Z Q

A

qf(q)dq −A

¸
− δ

1− δ
(qe −A) ≥ 0.

Let us define

m(δ) ≡ δ

1− δ

Ã"
1− (1− F (A))AR Q

A
qf(q)dq

#Z Q

A

qf(q)dq − (qe −A)

!
−
"
1− (1− F (A))AR Q

A
qf(q)dq

#
A.
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Note that m(0) < 0. Also,
R Q
A
qf(q)dq − (1− F (A))A− (qe −A) > 0, since F (A)A−R A

0
qf(q)dq > 0 for A > 0. This implies that m(δ) > 0 if δ is very close to 1 and that

m0(δ) > 0. Therefore, there exists a unique δ3 ∈ (0, 1), defined by m(δ3) = 0, such that
m(δ) < (>)0 if an only if δ < (>)δ3. Hence, if δ ≥ δ3, qo = A and the corresponding so

is a candidate solution. Moreover, since this contract is the First Best contract, it will be
the solution.
2.- If η > 0, then qo = 0. The FOC w.r.t. so is:

∂L
∂so

=

µ
β + λ

δ

1− δ
− µ

¶
qe + γ = 0.

Therefore, µ > 0 since β > 0. Then so = 1 − A
qe
∈ (0, 1). Condition (18) is trivially

satisfied.
2.1.- When A < qe, then so > 0 so γ = 0 and µ = β + λ δ

1−δ . In this case,

∂L
∂qo

= λ

µ
δ

1− δ
f(0)A− qe −A

qe

¶
+ βf(0)A+ η = 0.

This implies λ > 0 and δ
1−δf(0)A− qe−A

qe
< 0, which is equivalent to δ < bδ4, where

bδ4 ≡ qe −A

qe −A+ qeAf(0)
.

(Note that bδ4 < δ3 if and only if m(bδ4) < 0, which happens if and only if f(0) is large
enough.)
2.2.- When A = qe, then so = 0. In this case, ∂L

∂qo
= µf(0)A + η = 0, which implies

η = 0 and this is not possible in this region.
3.- Consider now the region where λ > 0, η = 0 and so > 0. Then, γ = 0. Moreover,

µ = β + λ

Ã
δ

1− δ
− qoR Q

qo
qf(q)dq

!
≥ β + λ (qe −A) > 0.

Substituting µ in the equation ∂L
∂qo
= 0 gives λ as a function of the optimal qo and so:

β (A− qo) + λ

"
δ

1− δ
(A− qo)− so

f(qo)
− qoR Q

qo
qf(q)dq

(A− (1− so)qo)

#
= 0. (22)

Finally, so and qo are determined by constraints (18) and (19) with equality. That is
qo = q̄, where q̄ is implicitly defined by:Ã

1− (1− F (q̄))R Q
q̄
qf(q)dq

A

!µ
δ

1− δ

Z Q

q̄

qf(q)dq − q̄

¶
=

δ

1− δ
(qe −A) (23)
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and

so = 1− (1− F (q̄))R Q
q̄
qf(q)dq

A.

Note that 0 < q̄ ≤ bq and so < 1. In addition, in this region so > 0 iff
R Q
q̄ qf(q)dq

(1−F (q̄)) > A.

This always holds for every q̄ > 0 since A ≤ qe. Hence, the preceding contract (q̄, so) is
a candidate in this region if and only if there is a solution to equation (23) for which the
multiplier λ defined by (22) is positive. Notice that, in (22),

A− (1− so)qo = A

"
1− (1− F (q̄))R Q

q̄
qf(q)dq

q̄

#
≥ 0.

Therefore, if A− qo ≤ 0, the expression that multiplies the parameter λ in equation (22)
is strictly negative. Hence, the necessary and sufficient conditions for the multiplier λ to
be positive are (substituting so by its value):

q̄ < A

and

δ

1− δ
(A− q̄) <

1

f(q̄)

"
1− (1− F (q̄))R Q

q̄
qf(q)dq

A

#
+

q̄AR Q
q̄
qf(q)dq

"
1− (1− F (q̄))R Q

q̄
qf(q)dq

q̄

#
. (24)

Let us now analyze equation (23). The point q̄ = 0 is a solution to (23). Since 0 < A,
the multiplier λ corresponding to q̄ = 0 is positive if and only equation (24) holds for
q̄ = 0. It is easy to check that this is the case if and only if δ < bδ4. This gives the same
candidate solution as the one obtained in case 2 before, except that q̄ = 0 is also candidate
when A = qe.
To continue the analysis of equation (23), we denote:

j(qo) ≡ δ

1− δ

·Z Q

qo
qf(q)dq + F (qo)A− qe)

¸
−
Ã
1− (1− F (qo))R Q

qo
qf(q)dq

A

!
qo.

The value(s) q̄ is (are) implicitly defined by j(q̄) = 0.
Taking derivatives of the function j(.) :

j0(qo) =
δ

1− δ
f(qo)(A− qo)−

Ã
1− (1− F (qo))R Q

qo
qf(q)dq

A

!
+

f(qo)AqoR Q
qo
qf(q)dq

"
1− (1− F (qo))R Q

qo
qf(q)dq

qo

#
.

Therefore, a point q̄ satisfying j(q̄) = 0 has an positive associate multiplier λ (hence, it is
a candidate solution) if and only if q̄ < A and j0(q̄) < 0.
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The function j(.) also satisfies the following properties: (i) it is continuous in all its
arguments; (ii) j0(0) > 0 if and only if δ > bδ4; (iii) j(A) = m(δ); and (iv) j(qo) is increasing
in δ for all the values of qo for which j(qo) is non-negative.
Given all the previous characteristics, we can assert the following two properties for

the situation where δ < δ3 (i.e., j(A) < 0) (the first best can be achieved in the other
region). First, if δ > bδ4 (i.e., j0(0) > 0), then it is necessarily the case that at least one
candidate q̄ exists. Second, whenever a candidate exists for a certain δ, it a candidate
exists for every other δ0 larger than δ (and smaller than δ3). Hence, there exists a threshold
value δ4 ≤ bδ4 from which on we can find a candidate q̄. Moreover, locally, a candidate q̄
increasing in δ exists.
Next, we check that, if there exists q̄ > 0 satisfying j(q̄) = 0, then the profits at this

point are larger than with a contract involving qo = 0. Indeed, using that j(q̄) = 0 :

βso(q̄)

Z Q

q̄

qf(q)dq = β(qe −A) + β
1− δ

δ
so(q̄)q̄ > β(qe −A) = βso(0)

Z Q

0

qf(q)dq,

where the last equality holds since j(0) = 0. Finally, note that the larger the candidate
q̄ (among those values with j(q̄) = 0) the larger the profits. Indeed, as shown in the
previous equation, the difference in profits among the candidate q̄s is driven by the term
so(q̄)q̄. Since so(q̄) is increasing in q̄ so are the profits. This property, together with the
properties of the function j(.) previously highlighted imply that the best q̄ is increasing in
δ (although, for particular distribution functions f(.), the best q̄ may not be a continuous
function of δ).
4.- The region where so = 0 and η = 0 is only possible when A = qe. Indeed, so = 0

and (18) imply qe ≤ A. The solution with so is equivalent in terms of profits to the
situation when qo = 0 and so = 0 which comes out when A = qe in case 2.

Proof of Corollary 4. Most derivatives of qo and so are immediate from the
expressions in Proposition 3. The only difficult analysis concerns region 2, where δ ∈
(δ4, δ3) . Here, the optimum q̄ is determined by the equation j(q̄) = 0, where we also know
that j0(q̄) < 0. It is also easy to check that the derivative of the function j(.) with respect
to the parameter A is increasing, hence the optimum q̄ is increasing in A and so is the
share so.

Proof of Proposition 5. The best PBE consisting in strategies characterized by
a “contract” (so, qo) is the solution to:

Max

·
soG((1− so)E(q/q ≥ qo))

Z Q

qo
qf(q)dq

¸
s.t. (6), so ≥ 0 and qo ≥ 0.

(Note that at the optimum, so < 1 and qo < Q, otherwise the TS does not sell). We
denote the Lagrange multipliers by λ, γ and η respectively. Denoting by E ≡ E(q/q ≥ qo)

and E0 ≡ ∂E(q/q≥qo)
∂qo

, the FOCs of the program can be written as:

∂L
∂so

=

µ
1 + λ

δ

1− δ

¶
[G((1− so)E)− soEg((1− so)E)]

Z Q

qo
qf(q)dq − λqo + γ = 0 (25)
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∂L
∂qo

=

µ
1 + λ

δ

1− δ

¶·
g((1− so)E) (1− so)E0

Z Q

qo
qf(q)dq −G((1− so)E)qof(qo)

¸
so

− λso + η = 0. (26)

We will consider different regions.
a) λ > 0, η = 0 and so > 0. In this case γ = 0. In the uniform case, after some

computations, we can write equations (25), (26) and (6) respectively as follows:µ
1 + λ

δ

1− δ

¶
(1− 2so)(Q+ qo)2(Q− qo)

4Q2
− λqo = 0 (27)

µ
1 + λ

δ

1− δ

¶
(1− so)

(Q+ qo)(Q− 3qo)
4Q2

− λ = 0 (28)

δ

1− δ

·
so(1− so)

(Q+ qo)2(Q− qo)

4Q2
− Q

16

¸
= soqo. (29)

From equations (27) and (28) we obtain:

so =
Q2 + 2qo2 − qoQ

2Q2 + qo2 − qoQ

which satisfies so ≤ sD = 1
2
iff qo ≤ q∗ = Q

3
. The function so(qo) has U form in the interval

q ∈ £0, Q
3

¤
and takes the value 1

2
in the extremes of the interval.

Replacing so in equation (28) we can obtain the multiplier λ as a function of qo. After
some computation, one can check that λ ≥ 0 if and only if qo ≤ Q

3
and

δ ≥ 1

1 + (Q2−qo2)(Q+qo)(Q−3qo)
4Q2(2Q2−qoQ+qo2)

,

where the right-hand side of the inequality is an increasing function of qo taking values
from δ = 8

9
for qo = 0 until δ = 72

75
for qo = Q

3
.

The candidate qo is found by substituting so (as a function of qo) in equation (29).
The candidate is qo = eqQ, where eq is the solution to:

δ(36− 57eq + 106eq2 − 53eq3 + 16eq4 + 4eq5 + 8eq6) = 32− 48eq + 96eq2 − 48eq3 + 32eq4.
The previous equation always has a unique solution eq, as a function of δ, for every δ ∈£
8
9
, 72
77

¤
. Moreover, the function is increasing in δ.

b) λ = 0, η = 0 and so > 0. In this case γ = 0. From (25) and (26) in the uniform
case we obtain:

(1− 2so)(Q+ qo)2(Q− qo)

4Q2
= 0

(1− so)
(Q+ qo)(Q− 3qo)

4Q2
= 0
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which imply so = 1
2
and qo = Q

3
. The ICC (6) is only satisfied if δ ≥ 72

77
.

c) η > 0 (hence qo = 0) and so > 0 (γ = 0). From (25) with the uniform distributions
we obtain so = 1

2
. Also, (6) is easily satisfied. Moreover, (26) is only satisfied with λ ≥ 0

for δ ≤ 8
9
.

d) Finally, the case so = 0 is never a solution.
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Figure 1: Contracts when A > qe.
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Figure 2: Contracts when A ≤ qe.
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Figure 3: Contracts for the uniform distribution in the (δ,A) space.
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