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Abstract US universities are leading the way in technology commercialization and
licensing. This paper discusses the practice of licensing at the US universities, as well
as the main directions and tasks of technology commercialization and licensing at the
University ofMaryland. Universities and research centers can implement steps to improve
their technology commercialization and licensing negotiation by using solid analytical
models. In the following sections, we suggest and describe a game-theoretic model to
analyze, understand, and anticipate the behavioral profiles of inventors, entrepreneurs, and
innovators on a dynamic interactive basis and in the context of a university or research
center linkages with the market (of the innovation and entrepreneurship ecosystem) in
pursuit of designing an optimal (or feasibly sub-optimal) licensing contract.
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Introduction

“You can not overtake the runner in front of you by following in his footsteps.”
Mao Tse-tung
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Today’s research university is valued not only as a provider of education and
research but as a center of innovative activity and a generator of new knowledge and
technologies. And while education and research remain the most important functions of
the research university, some institutions have taken steps to encourage entrepreneur-
ship, to promote regional development, and to engage in technology commercialization
(see, for example, (Shane 2004; Speser 2006) among many others).

Technology commercialization means any form of commercial usage of intellectual
property (IP), including a cession of the rights, licensing, and internal use of IP by
universities and commercialization by specialized companies. Technology commercial-
ization is connected with the emergence at universities of new functions—scientific and
technical entrepreneurship, business incubation, the creation of new companies, the
implementation of innovative projects, and, of course, licensing.

Different types of intellectual property rights, such as patents, copyrights, and
trademarks, are assigned to innovators in order to give them incentives to engage in
R&D activities. These property rights include the right to sell or license innovations for
use by other firms. The gains from licensing contracts are achieved through the
replacement of inefficient production techniques (ex post incentive) and the elimination
of inefficient research expenditures (ex ante incentive) (Gallini and Winter 1985).

The emerging global trends in IP commercialization and intellectual property rights
(IPR) enforcement and harmonization such as technology globalization, “niching,” and
licensing strategies, the diffusion of IPR standards, and the divergence of IPR enforce-
ment practices are components of an emerging view of the importance of intellectual
capital in corporate and national competitiveness. IP management is examined from the
perspectives of the knowledge management and technology management fields, para-
digms which facilitate rather than impede research collaborations in co-opetitive as well
as collaborative, technology-driven environments including university-industry, univer-
sity-government, and university-civil society transactional relationships such as licens-
ing schemes. In this context, IPR are shown to be the emerging currency of the global,
knowledge-based economy.

This paper discusses the practical experience of licensing in some of US universities
in the context of a game-theoretic analysis of technology transfer and commercializa-
tion interactive dynamics. This paper also suggests a game-theoretic model to analyze
the interactions of an innovator (a university or research center) that is licensing a new
technology and competitive firms making a decision on purchasing this technology.
The paper demonstrates mechanisms of the optimization and substantiation of decisions
regarding a licensing contract. On the basis of the developed model, the authors suggest
a relatively simple and applicable method to define optimal contract parameters with
the use of standard software like MS Excel. A spectrum of compromise settlements and
“win-win” options for negotiations between the licensor and potential licensees can be
defined with this method.

Licensing Practice in US Universities

In the USA, the beginning of university entrepreneurship can be attributed to the passage
of the Bayh-Dole Act (1980), which enabled technology commercialization and licens-
ing at US universities. According to the act, a university becomes the legal owner of any
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IP that was created at that university as a result of publicly funded research (Bremer
1998). The law identified the fundamental rules for marketing, licensing, and selling the
IP. Moreover, universities established special technology transfer offices (TTO) and
offices of technology licensing (OTL). Consequently, in the years since Bayh-Dole was
passed, there have been a dramatic increase in technology transfer from research
institutions and universities to industry and an increase in the efficiency of technology
commercialization. The income earned by US universities from licensing increased
from $7.3 million in 1981 to $3.4 billion in 2008 (Tieckelman et al. 2010).

In the USA, there are two basic models of technology commercialization:

1. License agreement with an existing company that is interested in a new technology
2. Start-up company using the university’s IP (the university can license with an

existing company or with a new company started with a technology license)

In both cases, a license agreement between the university and an existing or start-up
company is concluded.

According to the license agreement, the licensee (the company that obtained the
license) pays the licensor (the university) fixed payments—a royalty. If the license
agreement is concluded with a start-up company that cannot afford to pay a royalty,
often, the university becomes the owner of a new company share.

According to American practices, 80 % of license agreements are concluded with a
licensee who is familiar to the inventor (professor) (OTC 2010). After signing a license
agreement, the university (TTO) controls and monitors its execution.

According to the Association of University Technology Managers (www.autm.net), the
best American practices of licensing in technology commercialization call for the following:

& Standardizing licensing guidelines (except financial) for exclusive and nonexclu-
sive licenses as well as for patented and unpatented innovations and other cases

& Assessing potential licensees for the ability to commercialize and develop a specific
technology

& Providing (if possible) nonexclusive rights to the licensees or providing separate
licenses for restricted areas to ensure ample access to technology

& Assigning the rights to use the licensed technology for non-commercial purposes to
the universities (i.e., education and research)

& Closely monitoring the execution of a license agreement

In the next section, we will consider the experience of the University of Maryland,
College Park, as an example of a successful practice of licensing.

A Case of the University of Maryland

The key institution contributing to technology commercialization at the University of
Maryland, College Park, is the Office of Technology Commercialization (OTC). The
main objectives of the OTC are to ensure the transition of IP from the university to
industry and business as well as management and development of an IP portfolio. In
particular, the functions of the OTC are to assess the market potential of inventions,
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provide lawful protection, negotiate and execute licensing agreements, control the
proceeds from commercialization, and, if necessary, assist in starting a new company
on the basis of the university’s IP.

The OTC has three main areas in which it provides its services: information science
(23 % of inventions and 37 % of licenses in 2012), life science (23 % of inventions and
50 % of licenses in 2012), and physical science (54 % of inventions and 13 % of
licenses in 2012) (OTC 2014). The main results of the OTC activities for the last
5 years are presented in Table 1.

The revenue periodically changes, but in general, it is at the level of $K1000. In
2014, the revenue has grown in comparison with that of previous years, up to $K1032.
The OTC (as well as similar offices at other universities) generates revenue by licensing
intellectual property. The royalty income and patent reimbursement are the main
income. A large corporation as well as a start-up company can act as a licensee.

Until 2012, about 86% of licenses at the University ofMarylandwere concluded with
a small business, whereas in 2012, that figurewas 69% (according to the Bayh-Dole Act,
universities are encouraged to license inventions to small businesses). In recent years,
about 50 % (in 2012, 46 %) of inventions were funded with public money (a percentage
that approximately corresponds to the general tendency around the country) (OTC 2014).

One of the key issues in licensing theory, policy, and practice is royalty distribution. The
OTC has the following royalty distribution policy (Fig. 1): 10 % of the income received
goes to the inventor(s) and 30 % is paid in university administrative fees. After expenses
are covered, 50 % of the net revenue goes to the inventor(s) and 50 % to the university (of
which 85 % goes to the inventor’s department and 15 % goes toward promoting patents).

Main Directions and Objectives of Technology Commercialization and Licensing
at Universities

The main tasks of technology commercialization and licensing at US universities can
be identified as the following:

& Accelerate the transfer of new technologies from universities to the marketplace

Table 1 Office of Technology Commercialization main results

Issue 2010 2011 2012 2013 2014

Invention disclosures 156 118 134 136 197

Patents 17 40 28 38 37

Licensed technologies/license agreements 29/13 33/14 30/13 40/18 30/21

Revenuea, $K 941 920 969 848 1032

Sponsored research, $М 545 472 502 – –

Start-up companies 4 2 4 8 3

Source: OTC, University of Maryland, College Park
a Collected in license, option, and royalty income+patent reimbursement income
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& Provide services (training, counseling, and mentoring) for university researchers
and potential business partners

& Assess the fair market value of IP owned by the university and determine and
negotiate fair terms of transactions and agreements

& Use best business practices while taking into account the interests of the general public
& Resolve conflicts among groups of researchers, industrial partners, and the university

The importance of licensing at entrepreneurial universities cannot be overstated. Li-
censing is themain way to consistently convert the knowledge and technologies developed
by universities into saleable products. Licensing demands inventions (IP) with the potential
for commercialization, support organizations (structure) and resources, and the promotion
of team and entrepreneurial skills. Technology commercialization and licensing is gener-
ally not about science; it is about the market, clients, partners, marketing, finance, etc.

All mentioned above demands new approaches, mechanisms, and models to analyze
the interaction of all stakeholders in technology commercialization and to make
reasonable decisions on licensing.

The Model Context

Universities can improve their technology commercialization and licensing negotiation
by using solid analytical models. In the following sections, we suggest and describe a
set of game-theoretic models to analyze the interactions of an innovator (a university or
research center) and design an optimal licensing contract.

Theoretical and practical issues of innovation licensing are, apparently, the most
discussed among game theorists who specialized in innovation analysis (see, for
example, Bousquet, et al. 1998; Erutco and Richelle 2007; Gallini and Winter 1985;
Gallini and Wright 1990; Haller and Pavlopoulos 2002; Kamien and Tauman 1986;
Katz and Shapiro 1986; Mukherjee and Balasubramanian 2001; Sen 2005; Sen and
Tauman 2007; Tauman and Watanabe 2007; Jelnov and Tauman 2009). A special case
of game-theoretic analysis of innovation licensing involves the interaction between
competitive firms and a patent holder (inventor or licensor). And the most important

Fig. 1 Royalty distribution policy at OTC. Source: OTC, University of Maryland, College Park
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problem here is defining optimal licensing contract parameters. Most of the papers
solve this problem on the basis of modeling of the licensor and licensees interaction as a
non-cooperative game (e.g., Bousquet et al. 1998; Erutco and Richelle 2007; Gallini
and Winter 1985; Gallini and Wright 1990; Haller and Pavlopoulos 2002; Kamien and
Tauman 1986; Katz and Shapiro 1986; Mukherjee and Balasubramanian 2001; Sen
2005; Sen and Tauman 2007) although cooperative models were also suggested, for
example, the interaction of a patent holder with several firms as a cooperative game in
the first stage, assuming Cournot competition of the second stage is analyzed in
Tauman and Watanabe (2007) and Jelnov and Tauman (2009). However, there is no
consensus about optimal license schemes since they depend on a modeled situation
context and set assumptions. The basic and general models suggested in the literature
are often rather far from practical application, and they require more detailed elabora-
tion and adaptation in the context of the specific object and conditions of licensing.

The following sections of this paper represent game-theoretic analysis of the interac-
tion between an innovator (a R&D laboratory, research centers, organizational or indi-
vidual patent holders, etc.) who offers a new cost-reducing technology and competitive
firms which make the decision about purchasing such a technology. A hierarchical game
theory model and a simple and practically applicable method are suggested to analyze
such an interaction in a Cournot market and define the optimal licensing strategies.

Problem Formalization

Let us assume that the innovator does not compete with the firms and can offer them a
license contract which specifies a fixed license fee (b), a per unit royalty (r), and a per
sale royalty (s). Fees and royalties are restricted to be non-negative. If the licensor
decides not to use a particular instrument, the value of the corresponding variable is set
at zero. The contract may be offered to k firms of n competitors producing a homoge-
neous product. This model suggests that the innovator approaches every one of k firms
separately and offers a model to each of them. This suggests a secret offer to every firm
which is picked up, without letting other firms know. We think such a way of selling
innovation is possible, but then the innovator can make different offers for different
firms, based on limited information every firm has. Such a modeling is quite compli-
cated and can be simplified and adapted for some practical application, for instance for
a typical way of selling an innovation to making a public offer consisting of b, r, and s,
and then firms can decide simultaneously and independently whether they will accept
this offer or not. In this version of the model, the innovator cannot control k, so this
parameter cannot be considered as a “strategic variable” of the innovator. Although the
contract parameters can be a subject for discussion and adjustments, both parties (the
innovator and a potential licensee) are interested in getting some sound “negotiation
space” and criteria to reach an agreement in this issue.

We have a game of n+1 players (the innovator and n firms), where the innovator is a
first-mover player. Strategic variables of the general model of the innovator are k≤n,
b≥0, r≥0, and s≥0. In a simplified model, some parameters can be excluded, as we
mentioned above.

Strategic variables of the firms which accepted the contract (licensees) are their level
of output qi (i=1,.., k) produced with the purchased technology. Strategic variables of
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the firms which did not accept the contract (non-licensees) are their level of output qj
(j=k+1,…, n) produced with an “old” technology. To take into account a market
(demand and price) uncertainty, it also possible to introduce a random disturbance
(ω) in the model.

Based on the model of a license contract under demand or cost uncertainty designed
in Bousquet et al. (1998), we will consider the stages of the constructed game as
follows:

(1) The innovator (potential licensor) offers k contracts with parameters (b, r, s). The
offer is made on a take-it-or-leave-it basis. The number of contracts can be as big
as the number of firms in the market.

(2) A firm (potential licensee) either accepts or refuses the offer. If the offer is
accepted, the process continues as follows.

(3) The “state of market” (ω) is observed by the licensee who chooses his level of
output; profits are realized and payments to the licensor are made.

In general, this game is represented with the following model:

R0 ¼ f 0 q1;…; qk ; qkþ1;…; qn; b; r; s;ω
� �

→ max
b; r; s; k

;

Pi ¼ f i q1;…; qk ; qkþ1;…; qn; b; r; s;ω
� �

→max
qi

; i ¼ 1;…; k ;

P j ¼ f j q1;…; qk ; qkþ1;…; qn; b; r; s;ω
� �

→max
q j

; j ¼ k þ 1;…; n ;

8
>>><

>>>:

where R0 is the income of the licensor (investor), Pi is the profit of licensee i, and Pj is
the profit of non-licensee j.

It is a dynamic game where we look for a subgame perfect Nash equilibrium.
In this game, the inventor acts as a Stackelberg leader, and the game has a subgame

perfect equilibrium and can be solved on the basis of backward induction (as we did in
Dubina 2013). We can determine the players’ optimal strategies, price per unit for the
Nash equilibrium, profits of the licensees, and profits of the non-licensees. Assuming
that a contract can be accepted if Pi

*>Pj
* or Pi

*−Pj
*>0, we get the limits for the contract

parameters s, r, and b.
Formally, the Stackelberg equilibrium in the game is determined by k, s, r, and b,

when Pi
* exceeds Pj

* by infinitesimal. Practically, however, such a contract will not be
interesting for a firm. Therefore, the Stackelberg equilibrium gives not optimal, but
rather maximum, permissible levels of the contract parameters (“negotiation space”
boundaries) (Fig. 2). Maximum values of the contact parameters (sm, rm, bm) and a
number of contracts can be found from

R0 ¼
X

i¼1

k h
spqi þ rqi þ b

i
→ max

b;r;s;k

with boundary conditions Pi
*−Pj

*>0 and 1≤k<n. In this expression, p=p(QT, ω) is a
market characteristic, namely the unit price that depends on the total level of output
(QT) and the “state of market” (ω).

The players will negotiate actual values of the contract parameters within the
boundaries of the “negotiation space” (Fig. 2). The players can reach a Pareto optimum
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if they select such contract parameters s*, r*, and b* which give the licensor profit
equal to the “additional” profit Pi

*−Pj
* gained by the licensee. A set of Pareto optimal

solutions is presented on Fig. 2 as an area determined by s*, r*, and b*.
Optimal values of s*, r*, b* and k* can be found from

R0 ¼
X

i¼1

k

Ri →max
b;r;s;k

Ri ¼ spqiþ rqiþ b

with boundary conditions Ri=Pi
*−Pj

* and 1≤k<n. Such an optimization problem can be
easily solved, for example with Solver, a standard module included in Microsoft Excel.

This approach rather delineates a general way of modeling of licensing and nego-
tiation process, and it can be easily applied for the case of a monopolistic market (n=k=
1) and the case of licensing the new technology for all competitors (n=k≥2).

Practically, such an approach can provide a “reference point” for negotiations about
the licensing contract parameters. Actual values of parameters will vary depending on
the offered technology efficiency, demand, price and other market characteristics, risks,
players’ “rationality” level, and so on. However, the suggested approach represents a
good “guiding line” in terms of stability, effectiveness, and equity.

Simulation Findings and Future Research

To solve the game, we had to take some less or more strong assumptions regarding the
payoff functions of the players. For example, we assumed that the initial (“old”)
technology production cost per unit is c (for all firms); savings on costs is e with the
new technology, and this parameter is not certain: e=e(ξ), where ξ is a random
disturbance; one-time expenditure for the new technology application is t. Other
assumptions were a market á la Cournot and a linear demand function.

Based on the suggested model and assumptions, we evaluated the influence of
market and technical parameters and uncertainties on the players’ strategies. It is

rm

sm

s

bm

b 

r

r*

b*

s*

Fig. 2 The “negotiation space” of a licensing contract
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shown, in particular, that licensing of a new technology is useful for all parties
(including consumers) even in a monopolistic market: output volume is going up, price
is going down, and both the licensor and licensee have additional revenue and profit. A
model application to a monopolistic market is given in our work (Dubina 2013).

If the innovator plans to offer an exclusive contract (k=1), it is more profitable for
the licensor to offer such a contract for an oligopolistic market rather than for monop-
olistic or “perfect competition” ones. If the number of licensing contracts (k) is limited
by the licensor, the firms which did not accept the contract (non-licensees) can go
bankrupt, depending on the value of k and the contract parameters. The model
demonstrates that it can be more profitable for the licensor to limit the number of
contracts rather than offer a contract to all competitors. It is also concluded that if an
innovator has some preferences in the market (e.g., has some relations or agreements
with certain firms), innovation diffusion can be limited for a certain market size and
competitors who do not get a new technology can go bankrupt.

If the market condition and technological features are quite certain (ω=0, ξ=0),
licensing by means of a fixed fee (b) is superior to licensing by means of a royalty (for
both s and r) for both licensor and licensees. This finding corresponds to conclusions
presented by Kamien and Tauman (1986). Further, the model demonstrates that the
more competitors in the market, the more preferable a “fixed fee contract” than a “per
sale royalty contract” and even more than a “per unit royalty contract”.

However, in licensing practices, the majority of licensing agreements contain royalty
provisions, either alone or in conjunction with fixed fee payments. Lump-sum contracts
are most likely to be used when there are substantial fixed costs associated with the
licensing process (such as training the licensee) or when running royalties are likely to
be unenforceable (Katz and Shapiro 1986).

Actually, when we take market and technical uncertainty into consideration (ω≠0,
ξ≠0 in the suggested model), royalty is significant in an optimal licensing contract.
Contracts including royalty constitute a form of risk sharing when market conditions
are uncertain (ω≠0) or innovation technology benefits are uncertain (ξ≠0). Royalties
are also a partial solution to the problem of asymmetric information since the innovator
can have better information about the real value of the offered technology (parameter e
in the model). Under a royalty scheme, the licensees know that their payments will be
small if the innovation is of limited usefulness.

Our findings from computer simulation based on the developed model demonstrate
that the type of uncertainty has an impact on the type of royalties that must be used in
the contract. In particular, under market uncertainty represented by variable ω, per sale
royalties (s) tend to outperform per unit royalties (r), and the optimal contract generally
combines a fixed fee with a per sale royalty. When technological parameters are
uncertain (ξ≠0), the contract may involve a combination of either type of royalties,
coupled with a fixed fee. Generally, such findings correspond to Bousquet et al. (1998).

The developed model can help a licensor and potential licensees to make substan-
tiated decisions about optimal licensing and bargaining strategies. On the basis of this
model, a relatively simple and practically applicable method to determine optimal
licensing contract parameters is suggested. However, we assumed production quantity
competition in a Cournot market and did not take into account the competition by price
or product quality. Future research should compare optimal strategies of the players in
the market with different types of competition. The model assumes product
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homogeneity and competitor sameness, as well as the possibility to define main
characteristics of the market and its reaction to innovation. The model considers a
cost-reduction innovation technology, and future research is needed to compare optimal
licensing strategies for other types of innovation. Factors of time and inflation can be
also considered in an improved model. These assumptions should be extended and
specified, and additional parameters should be included in an advanced model. Such an
improvement makes the model more complicated but gives a way to get new knowl-
edge about the optimal innovation strategies in different markets.

Conclusion

Due to its sophisticated system of IP law and the size of its market, the USA is the
primary target nation for patenting. The centralized filing procedures under the Patent
Cooperation Treaty and the European Patent Convention have made multinational
protection of IP more feasible. Still, many foreign countries charge patent maintenance
taxes that increase annually to high levels and/or require the local working of a patent
or compulsory licensing, which makes overseas patenting less attractive.

The globalization of commerce and the global distribution of technological compe-
tence make international IP protection more imperative for US firms. International
harmonization of IP laws, effected through the General Agreement on Tariffs and Trade
(GATT) talks and the related negotiation on Trade-Related Intellectual Property (TRIPS),
is designed to facilitate the global protection of IP. For example, signatory nations are
standardizing their national patent protections as follows (Harvey and Lukas 1996):

Both product and process patents will be recognized and protected.
Nations will limit the use of compulsory licensing.
Patent terms are standardized to 20 years after the date of filing.
Additional guarantees are made to protect pharmaceutical and agricultural patents.

The USA has already begun to modify its patent system to conform to these
standards. Now that IP laws are being harmonized, international negotiations are
focusing more on standardizing enforcement of those laws across countries. Thurow
(1997) identifies key factors which make protecting intellectual property a key com-
petitive issue for firms and national governments:

a) The centrality of intellectual property rights
b) The decline of public knowledge
c) The emergence of new technologies and the globalization of the economy

The entry of new nations into the global economy, such as the former Soviet block
countries and China, requires an expansion of the negotiating framework to stress
multilateralism.

Hence, emerging global techno-economic trends that impact the international IPR
regimes can be distilled in the following processes of convergence between technology
and knowledge management, global trade and IPR issuance, protection and licensing,
and knowledge-enabled global competition:
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& Technology globalization and “niching”: While IPR regimes across the world are
becoming harmonized, specialized “niches” of expertise are developing in partic-
ular nations. These pockets of expertise will need to link with each other through
licensing and other mechanisms to mobilize their collective intellectual capital for
global competition. This will contribute to the organization and merging multina-
tional networks of firms which will form the basic unit for global competition.

& Diffusion of IPR standards. Standards for intellectual property are being spread
across the world through multinational harmonization. This means that the IPR
policies and practices of the West will become more widely adopted, especially as
non-Western firms develop sophisticated intellectual assets which require
protection.

& Divergence of IPR enforcement practices. At the same time that IPR legal regimes
are converging, there is the remaining threat that enforcement practices will diverge,
with each nation choosing to enforce IPR protection in ways which favor their
national champions. Thus, international trade negotiations must move from the
establishment of a common legal regime to the more specific task of standardizing
the way in which those regimes operate in practice.

& Knowledge-based global rivalries. The identification and management of IC will
enable firms to understand their own intellectual capabilities and assets with more
accuracy, which in turn will enable them to identify appropriate partners with whom
they can combine their common capabilities with gainsharing outcomes. This will
create new globe-spanning alliances which compete specifically through their
knowledge capabilities, not simply through manufacturing or other competencies.

The implications of knowledge sharing for the new knowledge-based economy are
substantial. Knowledge-based competition is generally assumed to require that firms
have different knowledge which they then use to create sustained competitive advan-
tage. But knowledge sharing allows firms to access the same basic knowledge to
cooperate and compete simultaneously for greater productivity. This, in turn, changes
the way that firms must operate and the mechanisms for governing transactions in the
new economy.

Intellectual property is thus emerging as the essential “currency” for global trade in
strategic capabilities for market-based competition, whose use continues to grow. As a
result, firms increasingly view their intellectual property as their primary asset or form
of capital which can be leveraged into future advantage in technology and products,
and in this context, the intellectual property audit is becoming an important tool for
transforming firms from traditional storekeepers of intellectual capital to firms which
strategically utilize and grow their intellectual capital and tap into the wealth of their
proprietary and shared knowledge.

Moreover, there is a double paradigm shift process afoot, in terms of re-defining
both the knowledge management as well as the technology management paradigms as a
result of the emerging role and significance of intellectual capital and the increasingly
dynamic and virtual nature of the knowledge-based economy. These shifts are espe-
cially manifested in the transition of the ways in which intellectual property is com-
mercialized from large firms and formal interactions to entrepreneurial start-ups linked
by informal networks and other virtual business enterprises that thrive on knowledge
and zero overhead.
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In this complex, dynamic and non-linear landscape of public-private collaboration
and competition, game-theoretic perspectives can be powerful tools for theory, policy,
and practice, allowing to deal with as well as leverage related challenges and
opportunities.
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