Optimal Design of Research Contests

By YEON-K0O CHE AND IAN GALE*

Procurement of an innovation often requires substantial effort by potential suppli-
ers. Motivating effort may be difficult if the level of effort and quality of the resulting
innovation are unverifiable, if innovators cannot benefit directly by marketing their
innovations, and if the buyer cannot extract up-front payments from suppliers. We
study the use of contests to procure an innovation in such an environment. An
auction in which two suppliers are invited to innovate and then bid their prizes is
optimal in a large class of contests. If contestants are asymmetric, it is optimal to
handicap the most efficient one. (JEL C70, D44, D89, L12, 032)

In 1714, the British Parliament offered a
prize of £20,000 for a method of determining
longitude at sea to within one-half of a degree.
The offer was made following a series of mar-
itime disasters, which included the loss of four
warships and nearly 2,000 lives in a single
incident. It was already known how to deter-
mine latitude at sea, but a simple method for
determining longitude remained elusive. A
clockmaker named John Harrison solved the
problem by developing an accurate portable
timepiece.! Harrison received an initial pay-
ment of £10,000 from the Longitude Board,
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!'The position of the sun was used to determine local
time, and the timepiece gave the time in Greenwich, say.

which oversaw the contest. He received £8,750
more, following an Act of Parliament, 11 years

. after the first successful trial. The delay resulted
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in part from skepticism as to whether the suc-
cessful trial was reproducible.2 Nonetheless,
this contest led to the development of a new
generation of portable timepieces (see Dava
Sobel, 1995).

Over the years, contests have played a major
role in the procurement of many other innova-
tions. In 1829, the Liverpool and Manchester
Railway offered a prize of £500 for the best
design for an engine to provide passenger ser-
vice between the two cities (see Curtis Taylor,
1995; Richard Fullerton and R. Preston
McAfee, 1999). The winning design ushered in
the era of steam locomotion. More recently, the
U.S. Federal Communications Commission
sponsored a contest to develop the technology
for high-definition television.> A prize incentive
has been proposed for developing new vaccines
(see Michael Kremer, 2001) and even for de-
veloping the technology for a manned flight to
Mars (see Robert Zubrin, 1996). The U.S. De-
partment of Defense (DoD) awards billions of
dollars annually to the winners of R&D contests

2In a voyage across the Atlantic, the metals and lubri-
cating oils inside a timepiece could expand or contract as
humidity and temperature changed. This meant that, in
principle, a successful trial on a single route might be an
aberration.

3 The prize was a license to operate in the market, so the
value differed across firms. Our model encompasses tour-
naments with different prizes.
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(see Fullerton et al., 2002), and a substantial
fraction of the basic research done in the United
States is funded through grant competitions
sponsored by the federal government.

Contests are used to procure goods and ser-
vices that embody new technologies as well.
When a new weapons system is procured, two
or more suppliers may perform basic R&D to
build a prototype, with only one being selected
to produce. The recent procurement of the Joint
Strike Fighter by the DoD involved a fly-off
competition between prototypes built by the
two finalists, with Lockheed-Martin prevailing
over Boeing (see Robert Wall and David A.
Fulghum, 2001). Elements of research contests
are seen in the procurement of a multitude of
other goods and services: The construction of
new buildings, the publication of books, the
development of advertising campaigns, the pro-
curement of realty services, the commissioning
of art projects, the procurement of consulting
services, and the search for expert witnesses
often involve the solicitation of bids from mul-
tiple potential supgliers, along with a pilot
project or proposal.

In this paper, we study the use of contests to
procure an innovation. The procurer might be a
private firm requiring a new product or process
technology, or a government wishing to encour-
age basic research or to foster the development
of defense technologies, for instance. We focus
on a class of contests in which the procurer
invites a number of firms to undertake innova-
tive activity and to choose a prize from a (pos-
sibly infinite) menu of prizes; the procurer then
chooses the innovation that gives the best
“value.” This class encompasses a wide range
of observed contests, as well as bilateral con-
tracts, but it omits some obvious alternatives.
For instance, a contest could specify the precise
nature of the required innovation (as in the
longitude contest). Moreover, for certain inno-
vations, the patent system provides sufficient
incentives to generate the desired innovation;
the procurer could then license the patented

* Advertising agencies typically develop a pilot commer-
cial before signing a contract. Similarly, many homebuyers
request showings by multiple brokers before signing exclu-
sive contracts.
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technology. These alternatives may not work
well for other innovations, however.

The first reason that the alternatives might not
work well is that the quality of the innovation
and the effort provided by the innovators may
be “unverifiable.” Third parties may be unable
to observe quality or discern effort through an
audit, for instance. This verifiability problem
renders unenforceable contracts that are contin-
gent on these variables. Moreover, as the
lengthy adjudication process in the longitude
contest shows, it may be difficult to enforce a
contest (or contract) that specifies the exact
nature of the innovation. The problem is espe-
cially acute when procuring new technologies,
which may be difficult to describe or measure
objectively.

Second, the benefits from the innovation may
accrue primarily to the procurer rather than the
innovator. That is, the investment in R&D may
be “cooperative” in the sense of Che and
Donald Hausch (1999). This happens when a
government procures basic research or a new
defense technology with no immediate com-
mercial value. The innovators may lack the ex-
pertise to commercialize or license their
innovations as well. The patent system would
not help then since the innovator would benefit
little from an exclusive property right.’

Third, the buyer may be unable to charge sub-
stantial entry fees to induce a “buy-in” by po-
tential suppliers.® The infeasibility of entry fees
may result from suppliers’ liquidity constraints
or from opportunism. In particular, the buyer
could collect entry fees but then award the prize
to a confederate, or not take delivery at all.

In the face of these problems, contests may
perform better than the alternatives because a
buyer has an ex post incentive to choose the
supplier who offered her the greatest net

% The patent system also creates a monopoly distortion,
which is likely to be especially harmful when the innovation
has a strong “public good” element. See Nancy Gallini and
Suzanne Scotchmer (2002) for an excellent survey compar-
ing alternative incentive systems for innovation.

6 Research contests rarely require substantial entry fees.
To the contrary, procurers frequently provide substantial
subsidies to the firms selected to participate in research
contests. The DoD often expresses concern over the finan-
cial stability of suppliers because of a desire to maintain
competition.
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surplus. This tends to reward the supplier who
made the largest investment, which mitigates
the verifiability and cooperativeness problems.
We study the optimal design of contests, focus-
ing on two issues: (1) how the buyer should
design the prize structure, and (2) how she
should select the set of participants.

One simple method for determining the win-
ner’s prize is to specify it up front. There are
many examples of fixed-prize tournaments be-
sides the longitude and steam engine contests.’
Another possibility is to hold an auction and let
the suppliers bid (i.e., demand their prizes).
Auctions are used in many procurement settings
where ex ante investments are important. For
example, defense contractors often make R&D
investments to produce prototypes and then bid
prices for the production contract.® Procurement
of a high-speed train system in Korea featured a
contest in which firms proposed alternative de-
signs (including the French TGV and German
ICE) and then bid prices for their systems. In-
dustry publications have touted the benefits of
using auctions to make a “ ‘best value’ award
decision based on both price and non-price fac-
tors” (Richard Rector, 2000).

In between auctions and fixed-prize tourna-
ments are numerous other methods for deter-
mining the winner’s prize. For instance, the
buyer may offer a finite menu of prizes. (Grant
competitions sponsored by the National Science
Foundation do this, giving applicants options
for the duration of the award, travel expendi-
tures, and equipment purchases.) The buyer
may also discriminate across firms. We consider
a class of mechanisms that includes all of these
alternatives.

We show that holding an auction with two
firms and no restriction on the set of allowable
prizes is optimal for the buyer when the firms
have the same investment technology. Each
firm’s technology is deterministic here, so firms

7 See Patrick Windham (1999) for a comprehensive list.

8 Fred Thompson and L. R. Jones (1994) describe the
process in detail. They stress the Packard Commission rec-
ommendation to hold competitions between working proto-
types instead of “paper competitions” (p. 145). They also
note the sharp decrease in the number of “cost-plus” con-
tracts entered into by the DoD, and the corresponding in-
crease in the number of fixed-price contracts (p. 192).
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randomize when choosing the quality of their
respective innovations, resulting in heteroge-
neous quality. Nonetheless, a firm with a low-
quality innovation can still compete effectively
against a firm with a high-quality innovation by
asking for a smaller prize. This feature favors
auctions relative to contests that limit firms’
choice of prizes.

Limiting the number of participants is bene-
ficial because investments are sunk. With large-
scale participation, each firm will have a
relatively small chance of winning, so the win-
ner’s investment (and quality) will tend to be
low. This finding is consistent with numerous
examples of buyers selecting a small number of
finalists (see Taylor, 1995; Fullerton and
McAfee, 1999). When firms have different tech-
nologies, an auction involving the two most
efficient firms is again optimal, with handicap-
ping of the more efficient one through imposi-
tion of a maximum allowable prize.

The literature on the design of research con-
tests remains small, but there have been some
notable contributions. The aforementioned pa-
pers by Taylor (1995) and Fullerton and
McAfee (1999) focus on design issues involv-
ing the number of ganicipants and the method
of restricting entry.” Both papers assumed that
fixed-prize tournaments are used. Fixed-prize
tournaments are simple and effective for a buyer
with limited information.!® First-price auctions
outperform fixed-prize tournaments in the cur-
rent setting, however, and they may require
even less information: With ex ante symmetric
firms, the buyer does not need any information
about costs or investments to design an optimal
contest.

Fullerton et al. (2002) have independently
studied prize structures in contests. Specifically,
they compared two methods for determining the
winner’s prize: first-price auctions and fixed
prizes. They found auctions to be superior to a
range of fixed prizes when identical innovators
follow symmetric strategies. They also pre-
sented experimental evidence supporting the
desirability of auctions. The current paper con-

9 Also related is Benny Moldovanu and Aner Sela
(2001), which studies the use of a contest with multiple
fixed prizes to maximize contestants’ aggregate effort.

10 See Fullerton and McAfee (1999, p. 575).



