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|. Introduction

Technologicd learning is a key determinant of economic growth. It has now been
widdy recognised in the literature that intelectud property rights (IPR) policy has very
gonificant implications for technological learning and technologica cgpability accumulation
in developing countries (Lal 2001, IPR Commisson 2002, Dutfidd 2005). However,
desgning an agppropriate IPR policy for driving the economy towards an optimum learning
trgectory involves a complex public choice problem due to the trade-off between innovation
and diffuson thet it entails.

Economigs beonging to the neo-liberd tradition do not hestate to endorse the
importance of incentives to innovate® and believes that a strong IPR regime that fosters such
incentives for innovation (but redricts diffuson and learning through imitation and reverse
engineering) would be the best policy option for a developing or emerging economy to
embrace globaisation. Others, however, believe that developing countries are likely to lose
out under strong IPR due to shrinking opportunities of imitative R&D and hence a wesk IPR,
fadlitating diffuson and learning, could prove to be most important, for technologica
learning and catchrup (Helpman 1993, UNCTAD 1996, Lal 2001, Maskus 2000).

While, the debate on optimum IPR policy continues, one is tempted to conclude that a
wesk IPR policy would perhaps be preferred over a stronger one in the initil stages of
technological learning and economic development. But, once a country reaches technology
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Paper presented in the IV Globelics Conference at Mexico City, September 22-24 2008

maturity to achieve mgor breskthroughs, the benefits of protecting knowledge through strong
IPR (incentive to innovate) might outweigh the benefits of diffuson. Hence, a drong IPR
policy that encourages innovation may be necessry a a laer dage after the country in
question acquires innovative capability through learning.

This essentidly reflects that IPR policy can not remain datic or invariant over time. It
needs to be modified, fine-tuned and adjusted a various points in the technologicad learning
trgectory of a nation, according to the nature and level of technological capability aready
acquired through this learning process. At the same time the nature and extent of
technologicd learning will adso definitely be sheped by the IPR policy adopted. In other
words, technologica learning and IPR policy have a strong mutud interface in the way they
evolve. There is ggnificant historical evidence of this phenomenon. Dutfiedd and Sutharsanan
(2005), for ingance, documents “numerous instances of how today’s developed countries
often ensured they had weaker IP regimes than those of the technologicaly more advanced
countries with which they were seeking to caich up’.

Unfortunately, there is little theoretical analysis of this interface between IPR policy
and technological learning. Our paper attempts to fill this gap in the economics literature.
We seek to provide a theoretical understanding of the interface between technological
learning and IPR policy, using tools of applied microeconomics. We develop a smple game
theoretic model to explain the optimum IPR policy and the corresponding technological
learning in a developing country. Our model identifies the nature and extent of domestic

technological learning under different IPR regimes, both being endogenously determined.

We begin with a brief overview of the concept of the evolution of technological
capability of developing countries in section Il. This is followed by a brief discusson of the
ingtitution of IPR and the related debates in section 111, Section IV presents the modd and the
results. Section V interprets the co-evolutionary character of technologicd learning and IPR
policy from our results and discusses the implications of TRIPS agreement for the process of
TC acquigtion in developing countries.

[1. Evolution of Technological Capability in Developing Countries

Technologicd progess is often (mideadingly) identified with mgor breskthroughs
and movement of the frontier in the conventiond neo-classcd literaure. This highly

redrictive view has come under serious atack on grounds that it ignores that minor (as
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opposed to magjor) innovations are more likely to occur and act as a vitd and continuous
source of productivity gains in practicaly dl industries® This is particulaly important in
understanding technologica progress in developing countries. Indeed, insteed of recognisng
the key role played by the capability to invent around, the rise in competitiveness of Japanese
indudries in the mid-1960s was initidly wrongly eatributed to low labour cost advantage
(dong the lines of the product cycle paradigm).®

Lall (1985) defines technologica capability in deveoping (TC) countries as ther
capacity to sdect, asamilate, adapt and improve given technologies. These sages of TC
acquisition can be described as a process of path dependent evolution.* It begins with
learning by doing followed by learning by adapting, aming a augmenting productivity
through efficient utilisation and adaptation of technologies & the shop floor. We cdl this the
gdage of production engineering (PE). Next comes learning by design and learning by
improved design, aming a replicating processes and designs for better understanding and
further improvement of given technologies. This sage is described as reverse engineering
(RE). All this cuminates into learning by setting up complete production systems and
learning by designing new processes which ultimatdy sats the dage for technologica
cgpabilitiesof basic (frontier) research (BR).

Acquistion of technologica capability, therefore, requires technological effort
defined as “conscious use of technologicd information and accumulation of technologica
knowledge, together with other resources, to choose, assmilate and adapt and/ or to create
new technology.” Clearly, therefore, diffusion of technology is dso intimaely linked to the
process of TC acquidtion by deveoping country enterprises through gradud learning and
building up of absorptive capacity.®

The presence of multinationd corporations (MNC) as a vehicle of technology transfer
may be seen as an important factor in this regard. Domedtic firms, a thelr nascent stage of
technologica capability may benefit from the superior technologies of MNC subsdiaries
through spillovers. Gains from gpillover, in this case, manifes itsdf in the form of eeser
diffuson by reducing the cost of search and imitation. .

2 Lall (1987), Nelson and Winter (1982).
% Rosenberg and Steinmuller (1988).

4 Lall (1978)

° Bell (1984).

6 Cohen and Levinthal (1989).
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The entire premise is predominantly based on the assumption that MNC subsidiaries
have access to latest (or a least better) technologies from the “technology shelf” of ther
parent enterprises. Needless to mention that the benefits accruing to domestic firms in terms
of gsoillover will depend on the vintage of technologies transfered by MNCs to ther
subgdiaries a host deveoping countries. Older technologies will accrue only margina
oillover gains to domedtic enterprises snce they ae dready wdl diffused. As againg this,
the spillover gains from laiest (new) technologies would be substantidly higher and would
facilitate the technologica catchup process of domestic enterprises.

Apat from tranfer of technologies by MNCs to their subsdiaries a developing
country locetions, another important source of spillover could be through locating their globa
R&D in hogt developing country locations. However, as Dunning (1988) suggests, most
developing countries are unattractive as locations for research as they ae wesk in
fundamental knowledge’ and often provide hostile politicd dimate. “Few foreign companies
are keen to place research centres in these nations, and where they have done so it is often as

aresult of political pressure.”® We therefore ignore this channel of spillover in our model.

[11. TheInstitution of Intellectual Property Rights (IPR) Regime

It is now widdy accepted that indtitutions affect economic performance by reducing
uncertainty, making behaviour predictable and thereby reducing transaction costs a la
Williamson (1985). According to North (1990) “inditutions are the rules of the game in a
society or, more formdly, humanly devised constraints that shgpe human interaction.”
However, one can dso offer a broader notion of indtitutions as a s&t of rules or “enabling

congtraints’ that regulate and constitute behaviour (rather than only constraining it).”

The evolution of technology is shgped and fostered by severa  supporting
ingitutions® In this paper, we confine our attention to one such (perhaps the most) important
inditution, namely the intelectua property rights (IPR) regime. The main reason why IPR is
important is that it creates a legd means to gppropriate knowledge. But the optimum degree

of protection of knowledge would vary over time and across countries depending on the leve

" Indiamay be an exception, but even there we have little evidence of MNCs locating their global R& D base.
8 Dunning (1988), page 133.

9 See Nooteboom (1999) pp. 39.

10 See Nelson (1994), Nelson & Nelson (2002), among others.
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of technologicl capability as well as the technologica policy goas!! For smplicity, we
categorise | PR regimesinto two groups. () strong 1 PR regime; and (b) weak | PR regime

The drength of a paent regime may be defined in terms of characteristics such as
length and width of protection, patent fee, the burden of proof in case of infringements, and
vaious limitation of patent award, eg. compulsory licensng. For our modd, we smply
assume that a drong IPR regime is the one that is TRIPS compatible, namdy, providing
product as well as process patents for a period of 20 years). By contrast, a weak patent regime
dlows only process patents and for a much shorter duration (5 to 7 years). This encourages

R&D towards reverse enginesring.

Wesk IPR would thus be preferred over a dronger one in the initid stages of
technologicd capability and economic devdopment if advancement of technologica
cgpability is an important policy objective of the developing country government. A wesk
IPR in this case provides a favourable sdection environment for firms to grow by augmenting
technological capahilities through imitation and reverse engineering. Once a country reaches
technology maturity to achieve magor breskthroughs, the benefits of protecting knowledge
through strong IPR (incentive to innovate)'? might outweigh the benefits of diffuson. This is
evident from the experience of countries like Switzerland, Germany, Japan, and Korea.:

Higoricdly, dl these countries have had the flexibility to adapt IPR regimes to foder
technological learning and cregtion of innovative capacities according to ther needs and
cgpabilities. This highlights the endogenous character of the institutional framework of IPR,
as in the tradition of institutional economics. In this paper we atempt to show that there is a
grong interface between the TC and IPR in their evolutionary process. In other words, TC
and IPR are, ‘the two evolving entities interact causdly with one another’ * i.e, TC and IPR

co-evolve.

With the advent of the TRIPS agreements under WTO, the flexibility of desgning
gopropricte IPR regime by member nations has been removed. This would have serious
implications for countries involved in the technologicd catchrup process by suppressing the

1 Singapore, for example, adopted a FDI led growth driven by MNC-based R&D and therefore had strong |PR
protection. See Lall (2001).

12 \We may note that the strength of IPR regime may not always raise the incentive to innovation in a linear
fashion, especialy if innovation is a cumulative procees based on a pioneer invention. See Nordhaus (1969),
Scotchmer (1991), Lerner (2001), Gallini (2002).

13 seg, for instance, the Report of the PR Commission (2002).

14 Murmann (2003), page 24.



Paper presented in the IV Globelics Conference at Mexico City, September 22-24 2008

interdependent co-evolutionary charecter of ther TC and IPR inditutions. These countries

will now haveto treat IPR inditution as given or exogenous.

V. The Model

We begin with the premise that there is a strong interdependence between
technologica capability (TC) and IPR regime. In other words, both TC and IPR regime co-
evolve with a gtrong interface between the two in ther evolutionary process. We further argue
that the nature of this interface or co-evolution may actudly be one of drategic interaction
between various economic agents® We develop a two-period game theoretic model of
complete information to show that an optimum IPR regime for a developing country is an
outcome of a drategic interaction between the government and the industry (domestic and
multingtiond firms).

We propose a two period extensve form game of complete information with three
players the Government, a representative domegtic firm and a representative foregn firm
(MNC). It is assumed tha dl firms operating in the market can grouped under either of the
above two categories. We further assume that al firms belonging to a particular category are
identicd. The game is described in the usud format of player, strategy and pay- off.

Players:
The players are the Government (G), adomedtic firm (D), aforeign firm (M).
Strategies.
The drategy et for G includes:
1. choosing astrong IPR regime with product and process patent (SIPR)
2. choosing aweek IPR regime with process patent only (WIPR).
The strategy set of D includes the following actions™®
1. Production Engineering (PE)

2. Reverse Enginesring (RE)

15 North (1990) predicts that different economic groups would have different positions on the question of an
institutional change depending on the associated perceived benefits and costs. Bijker et al (1987), among others
also believe that institutional framework form a* negotiated order”.

18 These may not necessarily be mutually exclusive alternatives. A firm may choose its technology strategy as a
combination of al three. Our model, however, assumes away this possibility. We only look at the overall R&D
focus of the firm defined in terms of PE, RE and BR.
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3. Basic (frontier) research (BR).

The drategy st of M includes the following actions:
1. Trandfer an old technology to the host LDC (TO)
2. Transfer anew technology to host LDC (TN)

We condder an extendve form game with perfect recdl where G moves firgd and
decides the patent regime. In the second period, the two firms (D and M) play a smultaneous
move game with full knowledge of the regime under which it is operating. At equilibrium al
playerswill play Subgame Perfect Nash Equilibrium Strategies.

Payoffs:

Payoffs are defined as returns net of costs for different technology strategies adopted
by D and M. For D, the returns will clearly depend on the gtrategies of M while costs (C) may
be smply viewed as the physical costs of adopting the technology dtrategy. For M, however,
costs include not only the physica costs of carrying out ther Strategies but aso costs due to
spillover which in turn will vary according to D’s drategy. The extent of such interactive
influence on each others payoffs will, of course, depend on the IPR regime adopted by the
LDC government. We define the firms payoff in terms of costs and returns under the two
different IPR regimes (WIPR and SIPR) as two distinct second period subgames dong with
the subgame Nash equilibria’’ The government’s payoff matrix will be discussed next under
the firs period subgame which will then endble us to derive the subgame perfect Nash
equilibrium.

(1) Second Period Subgame 1. under WIPR

D’'s payoff from drategy i (and depending on M’s drategy j) can be generdly written
as. Dj = Rj—C; where Risreturnsfrom the strategy and C isthe cost of the strategy.

On the cost dde, it may reasonably be assumed that Gog < Cre < Cag, irrespective and
independent of M’s strategies, i.e., Gj=C; ? jand C, < C> < Ca.

The R&D drategies PE, RE and BR yield outcomes leading to returns Re and Rse and p.Rsr
respectively, where p denotes the probability of success in basc research ventures. It is
assumed that there is no uncertainty associated with PE and RE activities.

7 1n these second period subgames, the government does not enter as amover and we do not include its payoff
in these payoff matrices. Indeed, the government’s payoff ae not required to arrive at the second period
subgame equilibria.
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Rpe will perhaps not vary according to the strategy adopted by M. If we assume that PE is
merdly asurvival drategy in a perfectly competitive market, then Reg = Cpe ? |, 1.€.

Dyj=07]j.

Under WIPR dlowing patented products to be produced with non infringing
processes, RE yield a high return such that Ree > Cre. Furthermore, Ree will be ill higher if
M chooses to transfer new technology compared to old, as the former facilitates exposure of
the LDC firms to latest (less diffused) technologies for reverse enginegring. In other words,

Cr < Ry1 < Rys. Hence Doy > Dy > Dlj =0

Now we look at Rsg. WIPR alows imitation through reverse engineering and the new
technology arisng out of BR can be diffused, perhaps immediately. Consequently both BR
and RE may be assumed to yield identical returns under WIPR, i.e, Rj = Ry ? j. But codts of
the two drategies differ (C, < Cz). Moreover, the probability of succeeding in BR may dso
riseif M adopts TN, i.e. P31 < P32 ? 1. Accordingly,

D31 = P31.R21 —C3 <Rp1 —C2 < D2y
D32 = P32.R22 — C3 < Rp2 — C2 < D22
Also  D31< D3
The payoffsfor M can be generdly specified as:

Mj = G — K; — Sj where G gtands for gains from its drategy, K the physical costs and
Sthe spillover cost.

Let G; = G be the returns from operating in the LDC by trandferring old technology.
This is enhanced by an amount (H) when it chooses to trandfer new technology. It is
presumed thet the old technology is aready well diffused, while the new technology will give
the MNC exclusive market access reflected in gains (H). Hence, G, = G + H.

On the cogt Sde, it may reasonably be assumed that K1 < Koy, insofar as physca costs
are concerned. The spillover costs are nil for TO as it is dready wdl diffused. For TN, the
oillover cot may be assumed to be equa to the entire additiona gain (H) reflecting
exclusve market access, under WIPR. This is of course subject to the condition that D adopts
RE or BR dnce spillovers occur only if the domedtic firm has adequate technologica
capability to absorb it.*® It will again be nil if D adopts PE. Accordingly,

S11=512=512=51=1=0
S =53=53,=S3=H

18 Cohen and Levinthal (1989) emphasised the importance of absorptive capacity building in order to capture
knowledge in the public domain.
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Hence the payoffs of M will be

M11=G-K1

Mio=G+H-K>

M21 =G —-Ky

M2 = G—-K>

Ms1 =G —-K1

M32 = G-K>

The resultant payoff matrix for D and M in the second period subgame 1 therefore is.

Strategy of M ? TO (trandferring old technology) TN (trandferring new technology
Strategy of D ?
Production Di1=Ru1-C; D12 =Rip—-C4
Englneerlng(PE) Mi1=G-K; Mi>=G+H-K>
Reverse Engl neerlng Do =R —Co Do =Ry —-Co
(RB) M21 =G —K; M2 =G —-Ko>
Basic Research D31 = P31. Ro1 —C3 D3> = P3o .Ryo —C3
(BR) M31:G—K1 M32:G—K2

where we have assumed and argued that
1) Ri1 =Rz =Cqimplyingthat D11 = D12 =0.
2) C; < Rp1 <Ry implyingthet Dy, > D2 > 0
3) 1> P32 > P3yp and C3 >> C, implying that Dy < D21 and D3z < Do
4) Ky > Ky implying M2 > Mz
Subgame Nash

Through iterated dimination of dominated drategies, (RE, TO) is obtained to be the
unique Nash equilibrium of this subgame. RE is the dominant Srategy of the domedtic firm as
it provides the highest pay-off irrespective of the drategy of the MNC. If rationdity of

players is common knowledge, then the MNC knows that the domegtic firm would play RE
and it istherefore better-off playing TO.

(2) Second Period Subgame 2: under SIPR

We dhdl dick to the same format for deriving the payoffs for D and M. Now the
difference will be with respect to the IPR regime which protects knowledge completely and
does not dlow spillovers. Immediatdy we can say that RE will not yied any returns to D.

Hence

R1=Rx»=0
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BR will not yidd the same returns as RE as in the previous case. It will be drictly
higher. Also D’s returns from BR as wdl as the probability of success will perhaps not vary
with M’s strategy under SIPR. Hence

R31=Rs2>0andPs; = P32 <1

For M the spillover costs element disappesars.

Strategy of M ? TO (transferring old technology) TN (transferring new technology
Strategy of D ?

Production Di1=Ri1—-C1=0 Dio=Ri>—-C1=0
Englneerlng(PE) M1 =G-K; Mi2=G+H-K>
ReverseEngineering D)y1=R)y1—Co=-Cy<0 Dy =R»n-Co=-Cy<0
(RE) M21 =G —Ky M2 =G+H K>

Basic Research D31 =P31. R31 —C3 D32 = P31.R31 —C3

(BR) M3 =G -Ky Mz =G+H-K>

Subgame Equilibrium:

The equilibrium would depend on the research capability of the domedtic firm
affecting its probability of success (Ps1). We consider two cases.

Casel: Low P3; suchthat (P31.R31)< C3

The unique Nash equilibrium will be (PE, TN).

Ca=ell; High P31 such that (P31.Ra1) > Ca

The unique Nash equilibriumwill be (BR, TN).

(3) Fird period Subgame

To solve for the Subgame Perfect Nash Equilibrium, we now andyse the first period
subgame by folding back the two second-period subgames equilibria In this subgame, the
player is the government who has to choose between WIPR and SIPR.

The payoff matrix of the government depends on the benefits and cods involved in imposng
an IPR regime. On the cost sde, WIPR involves lower costs of monitoring and adminisiration
compared to SIPR and will therefore be preferred by the government, ceteris paribus. On the
benefits gde, we identify two mgor parametles delermining the government's utility
function: (1) acquistion of technologicd capability by domegtic producers and (2)
introduction of latest technologies to enhance consumer wefare. With respect to the first
parameter the government would prefer BR over RE over PE and with respect to the second

10
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parameter it prefers TN over TO. Assuming domedtic technologica capability to be the
overriding condderation, we can derive the following lexicographic preference ordering of
the government:

U (Gy, D1, M2) > U (G2, D1, M) > U (Gy, D1, M1) > U (G, D1, M3)
> U (Gy, D2, M2) > U (G, D2, M2) > U (Gy, D2, M 1) > U (G, D2, My)
>U (Gy, D3, M2) > U (G, D3, M2) > U (Gy, D3, M1) > U (Gy, D3, M1)
where G; = WIPR, G; = SIPR
D; =BR, D, =RE, D3 = PE
M1 =TO,M2=TN

Subgame Perfect Nash Equilibrium: We derive the SPNE both for low and high

vaues of p.

Case 1: Low P3; suchthat (P31.R31) < C3

In this case the government has to choose between (WIPR, RE, TO) and (SIPR, PE, TN).
Since U (Gy, Dy, M3) > U (Gy, D3, My), the subgame perfect Nash equilibrium would be
(WIPR, RE, TO).

Case 2: High P31 such that (P31.R31) > Cs

In this case the government has to choose between (WIPR, RE, TO) and (SIPR, BR, TN).
Since U (Gy, D1, My) > U (G4, Dy, M3), the subgame perfect Nash equilibrium would be
(SIPR, BR, TN).

V. Analyss

Our modd shows that the optimum IPR will crucidly depend on the leve of
indigenous innovative capability achieved by the country in question. This is reflected in the
parameter P, the probability of success in Basic Research. The mode offers two interesting
implications.
A. Implications for a co-evolutionary path of TC and IPR

In this modd, TC in developing countries begins with simple production engineering
(PE). IPR has little role to play at this stage. PE can be carried out under both wesk as well as
grong IPR equdly efficiently, without any impediment. However, trandtion to the next stage
of TC, namdy, reverse engineering (RE), can only be possble under the ‘enabling

1
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condraint’ of a weak IPR. In the modd, we have shown that (RE, TO) is a subgame Nash
under WIPR.

Reverse engineering, in our framework, is an essentid prerequisite for building up
innovative capability. We have cgptured this phenomenon in our modd in terms of the
parameter P, the probability of success in basic research (BR). At the initid Stages of RE,
this probability is expected to be dmos negligible. But with continued reverse engineering
fostered by the inditutiond environment of wesk IPR, the value of P is expected to rise
meking BR a viable strategic option only after it crosses a threshold vaue (of G/Rs; as per
our mode specification). But BR will be sustainable only under a strong IPR to prevent the
payoff from BR being reduced to tha from RE due to diffuson as argued in the modd.
Therefore, strong IPR will be the Nash equilibrium srategy for the government as soon as P
exceeds this threshold vaue. It has been shown that (SIPR, BR, TN) is subgame perfect Nash
outcome of the drategic interaction among firms and government when P>C3/Rs3;. However,
till P reaches this threshold vaue, the Nash solution is (WIPR, RE, TO). This means wesk
IPR must prevall till then.

Our modd, dthough neo-classca in character based on raiona behaviour and
optimisation, arrives a a Nelsonian concluson of co-evolution of technology (learning) and
inditution (IPR regime) with a srong interface between the two in ther evolutionary process
(Nelson 1994). In this co-evolutionary framework, the technologicd learning begins with PE
followed by RE under wesk IPR till sufficent innovative capability is acquired for basic
research. At this point IPR regime is made stronger to enable firms to adopt basic research as
a vidble (and sudainable) drategic option. Without the introduction of a srong IPR as a
negotiated order a this juncture, the trangtion to basic research will perhaps prove to be
difficult and unsugtaineble.

B. Implications of TRIPS Agreement

The economic impact of TRIPS on developing countries has remained a controversid
issue. It has, however, been generdly accepted that the effects of stronger IPR on industry
and technology will vary according to the country’s levels of economic developmert.!® The
consensus, by and large, has been that developing countries loses out under strong IPR due to

19 Lall (2001), Maskus (2000).
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shrinking opportunities of imitative R&D.?° Our moded shows that the adverse impact of
TRIPS agreement on TC in developing country will depend on whether o not they have been
successful in reaching a criticd minimum level of innovative cgpability before the srong IPR
isimposed.

Impostion of a TRIPS-compatible strong IPR in countries, which have dready
achieved the innovative capability level represented by P ? Cs/Rss, will not contradict the co-
evolutionary character of TC and IPR described above. It is with respect to countries, which
ae actively engaged in RE but yet to reach the threshold levd of innovative capability (P<
C3/Rs1), TRIPS will have serious adverse implications. Pre-mature impostion of srong IPR,
suppressing the evolutionary interface between TC and IPR, will not merely put a hdt to the
technological caich up process but will actudly revert the learning trgectory back to PE. This
is clear snce the Nash equilibrium for the subgame under SIPR is (PE, TN) for P< C3/Rs;.

We conclude with Lal (2002) that, “there is reason to doubt the benefits of stronger
IPRs for developing countries. The new TRIPS regime can promote innovation ... (but at the
same it can dso) redrict one of the mogt fruitful sources of learning and competitiveness

development: imitation, local diffusion and reverse engineering.”*

20 e, for instance, Helpman (1993), UNCTAD (1996).
21| dll (2002), page 103.

13
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