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42 A.ARORA

haviour by the licensee. The timing of payments in the contract allows the licensee
to protect herself. Thus simple contracts involving patents can accomplish the trans-
fer of know-how.

The traditional role of patents has been thought to be one of providing incentives
to innovate by preventing imitation, albeit at the cost of restricting the diffusion of
the technology. An important conclusion of this paper is that broader patents im-
prove the efficiency of technology transfer, even of parts of technology that are not
protected by patents.” The model not only explains how costly know-how is trans-
ferred, it also explains a number of characteristics of licensing contracts. It explains
the bundling of patents and know-how in one licensing contract and predicts that
the amount of know-how provided is increasing in the lump sum payments.’

The paper is organized as follows. Section 2 discusses the contracting problems
implicit in the sale of know-how. Section 3 introduces the basic model and notation,
and discusses the intuition behind the results and their implications. It contains the
main proposition of this paper, concerning the relationship between strength of in-
tellectual property rights (IPR henceforth) and transfer of know- how through arms
length contracts. The robustness of this relationship is analyzed in the following sec-
tions. Section 4 extends the analysis to allow for renegotiation. Section 5 analyses
the case of one sided asymmetric information about the ability of the licensee, with
and without renegotiations. Major policy implications and future extensions are dis-
cussed in section 6, which concludes the paper.

2. OPPORTUNISTIC BEHAVIOUR IN LICENSING OF KNOW-HOW

Technology licensing involves more than just the permission to use the knowledge
covered by patents: In many cases, the information required for successful utiliza-
tion extends even beyond blueprints, drawings, and specifications and includes
heuristics, rules of thumb, and other “tricks of the trade”. These routines and rules of
thumb arise as a firm develop their technology base over a long period, often
through trial and error type search processes (Sahal [1981]; see also Nelson [1990],
and Pavitt [1987].). A large fraction of knowledge thus acquired is tacit (i.e. not writ-
ten down). In this paper I shall assume, largely for purposes of exposition, that all
know-how is kept tacit.*

The transfer of know-how is especially important when the firm that is licensing in
the technology does not have a great deal of experience with that particular class of
technologies—in international technology transfer (especially North-South trans-

2Ed Steinmueller has pointed out to me that know-how can be protected under common law under
trade secrets.

#Using data on Indian technology imports, [ show that technical services are more likely to be pro-
vided when the contract includes a patent agreement (Arora [1994]). Scott-Kemmis and Bell [1988], and
Contractor [1981] provide evidence that know-how transferred is increasing in the lump-sum payments
by the licensee.

*On the notions of tacit and codified knowledge, see Svennilson [1964], Polanyi [1966]. and Nelson and
Winter [1982]. Know-how that is not tacit can easily be accommodated, with the possible differcnce that
the costs, to the licensor, of transferring codified know-how would be lower. For further discussion of
codifying versus not codifying see Dasgupta and David [1990], and David [1992].
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44 A.ARORA

ternational licensing).” Reputation or long term relationships may be other means
by which the problem may be ameliorated. However, many licensing contracts do
not involve repeated licensing or long term relationships.

3. THE BASIC MODEL

In this paper I focus on the role that patents in overcoming the problem raised by
the double sided opportunism. Using a simple Principal-Agent model I show that
simple contracts, where know-how is bundled with codified technology, can success-
fully achieve the transfer of know-how. However the efficiency of such contracts
and the rents that the licensor gets, depend upon the strength of IPRs.

For ease of exposition, patents will be assumed to be the only kind of intellectual
property, and patent scope the (sole) measure of the strength of the [PR regime. [
model patent scope as increasing the cost of “inventing around”(cf Gallini [1992]).
To focus upon the role of patents, I examine contracts with only lump sum pay-

-ments.® The available evidence also suggests that know-sales are more closely re-
lated to lump sum payments. Royalty rates tend to vary very little across licensing
contracts for any given industries. By contrast, there are large variations in the lump
sum payments, which are said to reflect differences in the amount of know-how be-
ing transferred. (Bidault [1989], Taylor and Silberston [1973: 20], Contractor [1981])

Lump sum payments are made in two stages: The licensee makes part of the pay-
ment after the contract is agreed upon but before any know-how is transferred. The
rest of the payment is made when the licensor has provided the know-how. The li-
censee can withhold the second period payment, and thus can guard herself against
the possibility of the licensor under-supplying know- how. The licensor can withdraw
the patent (i.e. deny the licensee any right to use the patent) if he is not satisfied
with the licensee’s behavior. Here the assumption that know-how is complementary
to the patented component of technology is crucial (see assumption 3.ii below). As
the example in footnote 5 suggests, know-how tends to be highly application and
context specific.” Therefore, the value of the know-how to the licensee will be higher
if used together with the patented component of the technology. The mutual
“hostage taking”allows a self enforcing contract in know-how to work, even though
no externally enforceable contract exists. This intuition is formalised below.

8 Definitions and notation

1. I represent by x, the amount of the know-how transferred by the licensor to
the licensee, where v is assumed to lie in some real interval, [0, X].

2. C(x) is the cost of transferring know-how borne by the licensor.

3. V(x) is the payoff to the licensee gross of the payments to the licensor.

"Gallini and Winter [1985]. and Katz and Shapiro [1985] examine the issues raised by licensing to
rivals. In contrast, I assume that the licensor and the licensee do not compete in the product market.

¥Royalty payments also create a situation to familiar Marshallian share-cropping problem and are a
second-best solution. Furthermore, as shown below, contracts with lump sum payments alone can maxi-
mize the joint surplus. Output based royalties may not be feasible where the licensor cannot observe the
output of the licensee.

Note that some of the know-how of the firm may be quite general, and will therfore, not be specific
to the firm’s technology. This paper is concerned with the part that is firm specific.
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46 A.ARORA

stead, the contract allows either party to terminate the contract if they are not satis-
fied with the behavior of the other.!?

The termination of the contract would imply that the licensee would lose the right
to use the patents of the licensor. Thus, if the licensee wished to produce, she would
have to invent around the licensor’s patents. The licensee cannot, however, be forced
to unlearn: If the contract is terminated, the licensee would naturally like to make
use of what she has learnt through the technological know-how to invent around the
patents of the licensor. The payoff from inventing around, L(x), will depend upon
two factors. First, it is decreasing in the extent of complementarity between the
knowledge in the patents and the know-how. Second, L(x) is decreasing in the scope
(breadth) of the patent.!!

8 Basic Model with symmetric information and no renegotiation

Consider first the case where the licensor can commit not to renegotiate the second
period payment after x has been supplied. This is the only kind of commitment that |
shall consider. It will be convenient first to restrict our attention to paths where the
licensor does not wish for the licensee to invent around. I show in fn 13 that this
would be true of all equilibrium outcomes.

As is customary, I shall begin with the last stage of the game. In the final stage, the
licensee considers whether to honor the contract or to renege. By assumption, the li-
censor has committed not to renegotiate the second period payment. Therefore, the
licensee will make the second period payment if and only if V(x) - T2 > L(x). How-
ever, in any equilibrium, the licensor supglies (and hence can only credibly promise)
x which satisfies the equation V(x) - T = L(x).!? If the inequality were strict the
“promise”of x would not be credible, and thus, in the first stage, the licensee would
not make the full first period payment. Since the licensor is assumed to have the
power to make “take-it-or-leave-it”offers, he can credibly promise to provide the
joint surplus maximizing amount of know-how, and extract ex ante, through the first
period payments, the second period rents accruing to the licensee.

Normalizing the licensee’s reservation utility to zero, we can now solve for the
equilibrium contract. The licensor chooses {T', 72 x} to maximize [T" + 7% - C(x)],
subject to the following constraints:

This provision is often found in licensing contracts. An alternative interpretation is that since courts
will not be able to determine which party was guilty of a breach of the contract, in practice, if either party
were to renege on the contract, there is not much the other party can hope to achieve by way of legal
redress. In an earlier version of this paper, I allowed for liquidation damages to be paid if the contract
were terminated. It turns out that they are not important and have been neglected for ease of exposition.

" Arrow [1962b] notes that imitation without infringement is costly. Merges and Nelson [1991] cite the
example of the Selden patents (automobiles) and the Wright patents (aircraft). In both cases, the patents
were broad and the authors claim that this raised the costs for other producers. Levin ef al. [1987] pro-
vide evidence that suggests that patent protcction raises imitation costs as well as royalty income from
licensing.

12Suppose the inequality were strict. In the second period, given 7' and 72, the licensor could reduce
the know-how supplied by Ax (such that the inequality still holds) and the licensee would still agree to
pay T2. If so. the licensor's payoffs would increase by the amount C,Ax, but those of the licensee would
decrease by V Ax. Thus the strict inequality cannot hold in equilibrium. I assume that the equation V(x)
- L(x) = T has a unique solution for all 7> 0.
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48 A.ARORA

Proposition 1. Simple lump sum based contracts can achieve the transfer of the
first best (joint surplus maximizing) amount of know-how if the patent scope is suf-
ficiently broad. For narrow patents, the amount of know-how transferred is increas-
ing in patent scope.

B Discussion and policy implications of proposition 1

Though very simple, this model does have strong implications. The model explains
why patent and know-how contracts are bundled together, even though the majority
of the licensees claim that they are mainly interested in know-how.'* Second, this
model explains why technology licensing may be an inefficient means of extracting
rents from innovation.'> Arrow [1962b: 355] notes that:

Patent royalties are generally so low that the profits from exploiting
one’s own invention are not appreciably greater than those derived from
the use of others’ knowledge. It really calls for some explanation why the
firm that has developed the knowledge cannot demand a greater share
of the resulting profits.

As k approaches 1, x approaches )—as patent scope narrows, the amount of
know-how transferred tends to fall below the first best level. As x falls, so does the
net return to the licensor: both the first and the second period payments fall. If ex-
ploiting an innovation requires know-how, then unless patents are broad enough,
the transfer of know-how will not be efficient in licensing contracts. In the context of
innovation policy, the model suggests that broader patent scope would be beneficial
to the extent that the chief sources of innovation are small, research intensive firms
which rely upon licensing.

Third, the model implies that if there exists a sufficiently broad scope of protec-
tion for (codified) intellectual property, then the joint surplus maximizing amount of
tacit know-how is contracted for and provided.'® In a policy context, the controversy
over intellectual property rights in forums such as the GATT has received a great
deal of attention. Chin and Grossman [1990] have pointed to the potential benefits
of stronger patent protection to the South (in addition to the North) arising from a
higher rate of innovation in the North. Proposition 1 implies that stronger patent
protection would benefit the South by increasing the flow of know-how, even with-
out any incremental inducement to innovation in the North.

14 . Many industrialists whom we consulted said quite categorically that the main purpose of licensing is to
exchange know-how etc., with patents a minor consideration added in the small print at the end of the agree-
ment to lend an extra element of precision and security to the contract.” (Taylor and Silberston [1973: 114]).

BTypical explanations have pointed to the problem of establishing the value of information without
complete disclosure. This paper focusses on a related case, where the issue is not the value of informa-
tion (which is assumed to be known to both parties) but the problem of opportunistic behaviour by both
the seller and the buyer.

'$Steinmueller [1989] makes the same point. Klemperer [1990] investigates the role of patents in bal-
ancing the inducement to innovate with the social cost of monopoly. Scotchmer and Green [1990] exam-
ine the closely related issue of novelty requirement and find that a weak novelty requirement would in
general be preferred. Similarly, Merges and Nelson [1991] argue from an evolutionary perspective that
narrower patents are preferred where technological progress is cumulative. In a recent paper, Gallini
[1992] finds that broad and short lived patents are superior. Licensing possibilities are not considered in
any of the studies.
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50 A.ARORA

Proposition 2. When the licensor cannot commit not to renegotiate the contract af-
ter the know- how has been supplied, then the amount of know-how supplied is less
than the first best level. Moreover, the total payment, the second period payment, as
well as the amount of know-how, are increasing in patent scope.

B Discussion and extensions to bargaining

Proposition 2 points to the important role of commitment and (indirectly) of the rel-
ative bargaining power of the two agents. The second period payments by the li-
censee reflect the latter’s value of reneging and inventing around the patent. Since
the value of inventing around is increasing in the amount to know-how supplied by
the licensor, the licensor incurs an extra “cost”of supplying the know-how: apart
from the direct costs, he also loses some of the second period rents by making it eas-
ier for the licensee to invent around.

The extension to renegotiation also points to the how the outcome would change
if one were to make a different assumption about the distribution of bargaining
power. It is easy to show that the greater the bargaining power of the licensee, the
lower the second (and first) period payment and the lower the amount of know-how
transferred. This implies that the weaker the bargaining power of a licensor, the
greater must be the breadth of the patent in order for arms length contracts to be ef-
fective. Thus proposition 2 provides further insight into the question of why licens-
ing may not be an efficient strategy of rent appropriation, especially for smaller
firms.

5. EXTENSIONS: ASYMMETRIC INFORMATION ABOUT THE ABILITY
OF THE LICENSEE

Licensees may differ in the value they place upon know-how. When these differ-
ences are not observed by the licensor and are private information to the licensee,
one may ask if the analysis of the previous section would still be relevant.!® In this
sub-section I show that even with the licensee having private information, the sim-
ple contracts discussed in this paper can still accomplish the transfer of know-how,
albeit at below joint surplus maximizing levels. What is remarkable is that the ineffi-
ciency is, for the most part, not due to the non-contractibility of know-how, but
rather due solely to private information.

Let 6 index the value of the know-how to the licensee. A high 6 can be thought of
as being the case where the licensee can supply the complementary resources
needed for commercialization of the technology at a lower cost, and thus has a
higher valuation of the know-how provided by the licensor. Suppose there are two
types of licensees indexed by H and L. 6y > 6. Suppose that the licensor does not
observe 6§ and let p be the subjective probability that the licensor attaches to the
event that € = 6y. In order to analyze the asymmetric information case I shall need
to make one further assumption.

"Gallini and Wright [1990] analyze the case for where the licensor has superior information about the
quality of the technology. I do not analyse this possibility herc.
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52 A.ARORA

into account the possibility that the licensee could renege after accepting the con-
tract.

Lemma 1. The unique Bayes-Perfect equilibrium of the licensing game is a separat-
ing equilibrium characterized by

x(6y) = argmax V(x, 6) — C(x);
x(6,) is given by : V,(x,6,) — Ci(x) = (]L)[vxx, 6) — Vi(x, 6,)]
4
T, = L(x(8,), 6.)
T = L(x(6y), 0n) — [V(x(8.), 67) — V(x(6.), 6.)]

T} = V(x(6), 6) = L(x(8).6). i=HL
(7

Remark: Proofs are to be found in the appendix.If the incentive constraint of the L
type does not bind then the optimal contract is a separating contract (i.e. induces a
separating equilibrium) where the outcome does not depend upon patent scope. In
fact, the outcome is identical to the separating equilibrium of the standard model
where x is contractible. If x were contractible, the H type would get the first best
Jevel of know-how while the L type would get less than its joint surplus maximizing
level. Further, the H type would enjoy information rents.

When will the incentive constraint for the L type bind? It binds if & is either too

large, or too small.
Recall that x* (0) is the joint surplus maximising level

Define k* = | Y(¥(6L). 6) = V(x(0,). 61) } where x(6y), x(6,) are given by (7).
[ V(). 6) — V(x(Oy). 0,) S

Also define K = Min {Ky, K.} where

K, is given by V(x*(8). ) (1-K)) = C(x*(8)). i=H,L
(8

Lemma 2. If 0 is private information to the licensee, and L(x, 6) = kV(x, 6), and the
licensor can commit not to renegotiate, then the incentive constraint of the L type
will not bind for k in the range [k*, K|, K < 1. This is also the range of k that max-
imises the joint surplus. '

Remark: The analysis thus far shows that unless patents are very narrow or very
broad, private information to the licensee does not create special problems for the
transfer of know-how. If patents are very narrow, then proposition 1 shows that inef-
ficiencies will result. It also shows how the general conclusion in favor of broad
patents is modified when the licensee has private information. Very broad patents
raise the cost of inducing separation. The non-contractibility of x implies that the li-
censee is left some rents in the second period which are extracted through first pe-
riod payments. With the licensee having private information, the licensor must guard
against the possibility of the L type misrepresenting and then going on to terminate

v
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6. SUMMARY AND CONCLUDING OBSERVATIONS

Much of the literature in economics has viewed technology as easy to codify and
costless to transfer. This paper adopts a different conceptualization. Utilizing tech-
nology requires a great deal of know- how. Transferring know-how through arms-
length transactions raises problems because know-how is difficult to codify. There-
fore the transfer of know-how is costly, and it is difficult for third parties such as
courts to monitor the transfer of know-how.

In this paper I have analyzed the role that Intellectual Property Rights (IPRs) can
play in overcoming the problem of double sided opportunism. The paper develops a
model that shows that the amount of know-how transferred depends positively on
the strength of the IPR regime. The model predicts that the transfer of know-how
can be accomplished by contracts utilizing lump sum payments alone. It also pre-
dicts that these lump sum payments will be increasing in the amount of the know-
how transferred. The model shows that lump sum payments can have significant al-
location effects: first period payments, often called disclosure payments, are used by
as screening devices by licensors to screen out lower capability licensees. Thus,
higher lump sum payments induce greater know-how flow. These predictions are not
only consistent with the available evidence, they also suggest that future empirical
work on licensing contracts pay attention to the contracting mechanisms by which
know-how transfer is accomplished.

The model analyzed here can be extended to the case where technological inputs
are provided by both parties. Similarly, although I have shown that how the model
generalizes to cases where the second period payments can be re-negotiated, and
where the licensee has superior information, further research is needed to analyze
the case where the licensor also has some private information, and where the con-
tract includes both output royalties and lump sum payments.

The paper provides insights into the institutional form of the division of labor in
inventive activity. We know that patents are not very effective against imitation in
many industries (Levin et al [1987]). In such cases vertical integration or joint-ven-
tures may be required to facilitate the transfer of know- how. Therefore, an impor-
tant benefit of broader patents would be to encourage innovation by research inten-
sive firms, such as small biotechnology firms, which lack the capabilities for commer-
cializing innovations. For such firms, the expected revenues from licensing the inno-
vation would be an important part of the payoff, and a policy that enhances the effi-
ciency of the market for know-how would increase their incentives to invest in new
knowledge. In the international context, better IPR laws in countries which rely
upon licensing (as opposed to direct foreign investment) as a source of technology
transfer would enhance the inflow of know-how and make the technology transfer
more efficient.

I do not mean to suggest that there are no disadvantages of broader patents. In in-
novation, if for some reason contracting is excessively costly, broader patents may
inhibit the development of technologies that have a strong cumulative nature. In in-
ternational technology transfer, stronger patent protection may increase the share
of the rents of the North vis a vis the South. Stronger patent protection may also in-
crease the market power of licensees in the markets of the South. The point being
made is simply that a major benefit, hitherto unnoticed, of broader patents would be
that complementary know-how, critical to the utilization of technologies, could be
bought and sold more efficiently. An important task for future research is to attempt
to integrate the different effects to make a systematic welfare analysis possible.
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56 A.ARORA

tion, yields a lower payoff than the optimal separating contract characterized above.
Therefore, pooling cannot be optimal under the assumptions made here.

Second, Is it possible to have an equilibrium contract where a particular type
would terminate the contract (i.e. invent around) in the second period? The answer
is No, and the reasoning is similar to that for the symmetric information case dis-
cussed in the text. Formally, note that a contract that would induce the licensee to in-
vent around in the second period is equivalent to having a contract with x = 0, and
T? = 0, when there two types separate. Thus, if the two types separate, this contract is
dominated by the optimal separating contract. It is also easy to see that there would
not be any inventing around in a pooling contract.

The only possibility that remains is of a semi-separating equilibrium where the L
type randomizes.? If semi-separating equilibria can be ruled out, then one would
have ruled out the possibility of the licensee inventing around in equilibrium. In
turn this would show that the optimal strategy for the licensor is to offer the con-
tract that has been called the optimal separating contract, and characterized in
lemma 1 in the text, and is therefore also the unique bayesian perfect equilibrium of
the game in question. In a semi-separating equilibrium, the L type must be indiffer-
ent between the two contracts. A small increase in x(6y) and in Ty, T4* which pre-
serves the incentive constraints of the H type (and has no first order effect on the
payoffs of the licensor) will make the contract of the H type less attractive to the L
type because x is more valuable to the H type. Thus the licensor can always design a
separating contract which will induce the L type not to invent around in the second
period, and which gives the licensor the same payoffs as the contract inducing the
inventing around. By definition, the former (strictly separating) contract will yield
the licensor payoffs which are no higher than those provided by the optimal separat-
ing contract. It follows that the licensor would never find it more profitable to offer
contracts which induce inventing around. This concludes the proof of Lemma 1.

B Proof of Lemma 2

Note from (A2) that together the incentive constraints of the two types imply that
every separating equilibrium contract satisfies kV({(8y), 6y) — kV(x(6y), 6,) =
V(x(6y), 6y) — V(x(6y), 6,). Using (8), it is clear that this condition would not be sat-
isfied for k << k*.

® Proof of Lemma 3

The analysis in this case is considerably simplified by the fact that the amount of
tacit know-how transferred is the same for all separating contracts. This in turn fol-
lows from the observation in the text that the continuation game in the second pe-
riod in equilibrium is the same for all separating contracts and is identical to the

accrue to the L type. Allowing this would amount to de facto separation where the L type withdraws
completely from the negotiations.

2 If the H type were to do so, she would never invent around in the second period, and therefore, it
would be as if the likelihood of having an L type were in fact higher than p.
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58 A.ARORA

B Proof of Lemma 4
The condition for separation can be written as
K[V(x(61), ) — V(x(05). 6.)] = V(x(6L), ) — V(x(6.), 6).  ...(A6)

Define f(k) = V(x(8L), ) — V(x(6.). 0.)
V(x(6r), 0) — V(x(0p), 0L)

The continuity assumptions as well as the assumption of an interior solution imply
that x(6,) are continuous in k, and hence, that the f(k) is continuous in k. It is also
true that 1 = f(k) = 0, f(0) > 0. It therefore follows that there exists some interval
[0, k**) such that for all k in that interval, f(k) > k. From the definition of f(k), it is
clear that separation is feasible if and only if k = f(k). Note that k** is different
from k* because x(0) is different between (7) and (9).
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