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Abstract

This paper examines which firms from a heterogeneous pool ae more likey to
join together and form a RJV. It differs from previous contributions as it introduces a set
of redigic hypothess on the characteritics of research co-operaion and informetion
sharing. Research paths can be substitute or complementary. This affects the nature of and
consequently the gains from co-operation. The model shows hat gains from co-operation
ae likdy to be larger in the second case, as the probability of meking a discovery is
higher. This paper dso assumes tha firms do not share information voluntarily if they do
not co-operate only when the firms products are subgtitute. If the firms products are
complementary there may be gains in sharing information dso under non cooperation.
This diminates the gains from co-operation arisng from informetion sharing. If this is the
caxe, RIVs are more likely to be formed between firms producing subgtitute products.  If
we combine these two results we have the prediction that firms cooperate in research
when they produce subgtitute products and when they follow complementary research
paths. The empiricd andyds caried out on a sample of European RIVs confirms and
supports this prediction. The modd dso caefully explores the role of asymmetries in
costs between the two firms. It shows that it is not possible to derive clear cut predictions.
Under some circumstances larger asymmetries increase the gains from co-operation and
under other circumstances they reduce them. Also this result is supported by the empirica
andyss.



1. Introduction

Over the lagt fifteen years there has been a condderable amount of interest amongst
academics and policymakers in the role of research joint ventures (RIVS) in improving
innovative peformance’.  The main focus of interet has been on the performance of
RJVs once they have formed, and in contragting this with the performance of firmsin the
absence of co-operation. A centrd reference in much of this literature is the paper by
d Asoremont and Jacquemin (1988), which has subsequently been much devedoped - in
particular by Kamien, Muller and Zang (1992).

More recently interest has shifted to the issue of RV membership. There are two drands
to this literature.

The firg assumes a pool of identica firms and seeks to explan how many will join an
RV i.e the size of the RIV°.

The second dtrand of literature assumes that an RV comprises just two firms, but seeks
to explain which two firms from a heterogeneous pool are most likely to join an RJV.

The most recent pgper in this srand is by Roller, Tombak and Siebert (1997). They

extend the framework developed by Kamien, Muller and Zang (1992) in two ways. Firg,

ingead of assuming that products are perfect subditutes, they dlow for a variable degree

of product subdtitutability, and indeed dlow products to be complements Second they

dlow for asymmetries in the initid cost levels of the two firms. They argue that their

mode therefore captures four incentives for firms to form RIVs, the fird two of which

were present in the origina papers cited above. These incentives are;

() cogt-sharing through the reduction of needless duplication;

(i)  theinterndisng of externdities (spillovers);

(i)  exploitaion of product complementarities,

(iv)  the possbility of exploiting market power to the extent thet large firms choose to
form RIVswith other large firms.

They concdude that the gains from RV formation are highet when: (@) R&D spillovers
create freerider problems; (b) duplicative R& D creates opportunities for cost-sharing;
(c) firms produce complementary products; (d) firmsare of fairly amilar size.

They test this modd on a sample of US firms in RWVs and obtan some empirica
confirmation of the resuts.

There are, however, a number of limitations of the theoretica framework employed by
Roller, Tombak and Sebat (1997) — and indeed in the theoreticd framework by Kamien,
Muller and Zang (1992) on which it draws’. These limitations follow from the fact that,
as in the bulk of the literature on RIVs, the focus is purely on the amount of R&D that

4 See for example the book by Poyago-Theotoky (1997) which brings together some recent surveys and
contributions.

5 See for example Ulph(1991), Suzumura and Goto (1994), Poyago-Theotoky (1995), De Bondt and Wu (1997).

® See the recent series of papers by by Besth, Poyago-Theotoky and Ulph (1998), K atsoulacos and Ulph (19983, b
& ¢), and by Ulph (1990) for afuller discussion of the points that follow.



firms do, and little serious atention is pad to two other crucid parts of the innovetion
process— information-sharing and research coordination.

Fire, they ignore an important agpect of RV behaviour — research co-ordination. This

COMprises two separate decisons.

?? The firg is choosing the number of labs that the RV will operate. This is particularly
important where the research paths firms are pursuing are duplicative (or perfect
subgtitutes)’, and so firms run the risk of needless duplication.  Unlike two
independent firms, an RV has the option of choosng to operate a single lab rather
than two separate labs, thereby avoiding this duplication.

?7? The second aspect is research design coordination. This aises in the opposte case
where research paths are additive (or perfectly complements)®. Here, in order to fully
exploit these complementarities, firms will typicaly need to get together and plan out
the detalled design of their individuad research drategies. This degree of collaboration
would normdly be ruled out by competition policy, but could be undeteken by an
RJV if, aswe will assume, RIVs were given exemption from competition policy.

As we can see there are two important features of research co-ordination: it is an activity
that has to take place before any R&D is undertaken; both aspects of research co-
ardination would be impossible in the non-cooperative equilibrium.

Roller, Tombak and Sebert (1997) acknowledge that they do not modd the ability of an
RV to exploit complementarities® - the second aspect of research coordination.
However they smply assume that the RV operates two labs and so do not recognise that
they have not dlowed for the first aspect of research co-ordination.

This brings us to the second weekness of ther modd. Rdller, Tombak and Siebert (1997)
assume that in the nonrcooperative equilibrium the progress that each firm makes depends
soldy on its own R&D, wheress in the RV each firm's progress depends on the
combined R&D of the two firms.  They interpret this as reflecting the cost sharing benefit
conferred by RJIVs through diminating duplication. Now it is catanly true that this
assumption implies that the RV can achieve a given amount of progress for each of its
two firms with a lower totd R&D outlay than if the two firms operated independently.
However the fact that the totd progress made in the RV depends on the tota R&D of
eech of the two firms means that they are implicitly assuming that research paths are

"Thenotion of duplicative researchisformalised in Katsoulacos and Ulph (1998b) ( whereit isreferred to as
perfect substitute research) through the ideathat if [p;, 1 ? 1,2 isthe progress made by firmi asaresult of its

own research effort, while ? i

firmi, then the total amount of progressmade by firmiis t; ? MAlepi ' 25 P; A
8 The notion of additive research isformalised in Katsoulacos and Ulph (1998b) ( whereit isreferred to as
perfect complement research) throughtheideathatif P, 1 ? 1,2 isthe progress made by firmi asaresult of

07?7, ? 1 isthefraction of the progress made by firmj whichisshared

0??; ? 1isthefraction of the progress made by firmj which is shared with

itsown research effort, while ?

with firmi, then thetotal amount of progressmade by firmiis t; ? p '??ij.pj .

®This may not be strictly correct. As poirted out below, they make an assumption about how the RJV operates
which is open to anumber of interpretations. One possible interpretation is that in the non-cooperative
eqilibrium firms are unable to engage in research design co-ordination, and o are unable to exploit any
complementarities, while the RV definitely can engage in full research design co-ordination and so can fully
exploit complementarities.



perfect complements.  This is hard to square with the avoidance of duplication — for this
arises when research paths are perfect substitutes and the RV chooses to operate a single
lab.

An dternative interpretation of what is hgppening in ther modd is that they are implicitly
asuming tha in the noncooperaive equilibrium firms would never dhae any
information that they discover, whereas in the RV firms would dways fully share
information about the discoveries they had made. As noted, this certainly implies that the
RJV can obtain any given tota progress a a lower R&D cog then is possble in the non
cooperaive equilibrium - but this cogt reduction redly sems from the full exploitation of
research output information sharing rather than from avoiding duplication.

This dternative interpretation is sgnificant because if the mgor gain from the RV comes
from research output information-sharing, this raises the quetion as to why this could not
be shared in the non-cooperaive equilibrium.  As noted in Katsoulacos and Ulph (1998a,
b & ¢) there are two ways in which information about research output could be shared in
the noncooperdive equilibrium.  The firg is through licenang. For a vaiety of wel
known reasons licenang may not dways operae. The second route is through firms
amply reveding the information free of charge. As noted in Katsoulacos and Ulph
(1998a & h), it is precisdy when firms produce complementary products that they would
have incentives to share information in this way, even if licenang is not avalable This
suggedts that ceteris paribus the gain from forming an RV might be smaler when firms
produce complementary products than when they produce subgtitute products.

The am of this paper is to develop a theoretical framework that addresses these two
weskneses of the Roller, Tomak and Sebert (1997), and then to test out this framework
on two European data sets for RIVs. The paper addresses very relevant policy issues
related to the promotion of R&D. Fird, it examines whether RIVs are formed between
firms in subdtitute or in complementary indudries  this is a fundamentd factor affecting
the efficiency of RIVs the location of resserch and possble anti-competitive behaviour.
Second it looks a the asymmetry between firms in RIVs in terms of reaive sze and
efficiency and a the reaed implications for the diffuson of research. Indeed, RIVs can
favour the concentration or the digperson of research activities depending on the
charecterigtics of the partners. The more dmilar the patners, the more we expect
investmentsin R&D to be concentrated.

The plan of the paper is as follows. In the next section we set out a very smple modd of
RJV formation and behaviour which dlows for

@ both types of research co-ordination explored above;

(b) endogenous information sharing — particularly in the non-cooperative egilibrium.

We show that such a framework can give grikingly different predictions from those of the
Roaller, Tombak and Sebert (1997). In particular we show:

0] RIVs are more likey to form where there are sgnificant gains to be had from
research co-ordination.

(i)  The two types of research co-ordination are drict dterndives. The gains from
avoiding needless duplication arise when research paths are subdtitutes and are
redised when the RV operates a sngle lab. However the gains from exploiting



complementarities (through careful research design) arise when research paths are
complementary, and reguire the RV to keegp both Iabs open.

(i)  Another potentid gan from R formation comes from increased information
sharing. However this gain only arises when there is no information sharing in the
non-cooperdive equilibrium, and this will only be true when firms produce
subgtitute products. Hence ceteris paribus RIVs are more likely to form when
firms produce subgtitute rather than complementary products.

(iv)  The effect of initid asymmetries on RV formation is ambiguous.

We then test this model out on two European data sets on RIVs and show that these
theoretica predictions are confirmed.



2. The Theoretical Framework

2.1  The Model and Assumptions

There are 2 firms.  The products they produce can be ether subdtitutes or complements.
For concreteness we assume that demands for the two products are given by

where a > 0 and s?[?1]]. Pogtive vdues of s correspond to subditute goods —
negative vaues to complements.

The technologies that firms use have condant average and margind costs of production.
We dlow for the posshility that prior to any technologicd innovetion, the firms may
have different technologies, and hence may dat with ex ante cost asymmetrieslo. This
initid asymmetry may be the result of asymmetric innovative success in a previous R&D
competition. Thus we assume that the initial unit costs of the two firms are

c?? and ¢c??, where 0???2c?c???a.

Notice that, as in Roller, Tombak and Sebert (1997), initid asymmetries are formulated
in such a way that, prior to any innovation, the average unit costs, and so the aggregate
output of the two firmsis independent of the size of the asymmetry.

Frms undertake R&D in order to discover better technologies with lower unit costs. We
will assume a gochaestic mode of innovation. Thus expenditure on R&D determines the
probability that a firm will make a discovery.  We assume that if a firm makes a
discovery onitsown it will end up with anew technology with unit costs

c?c??.

We nead to gpecify the naiure of the innovative process. Three important digtinctions
have been made in the literature.

The firg is between tournament and non-tournament modds of innovetion. In a non-
tournament modd there are many different ways of obtaining the same technology (as
specified by the levd of cogts). A firm that discovers one way of dbtaning a given
technology, and paents that discovery, cannot prevent another firm from discovering the
same technology by some different route, and dso paenting its discovery. Thus in a non-
tournament modd patents protect firms from codless imitation by norrinnovators, but
cahnot protedt firms from independent discovery by rivd innovators. By contradt, in a
tournament modd there is a unique way of obtaining any given technology, and only one
firm can hold a patent on it. R&D competition therefore takes the form of a race to be
fird to make the unique discovery. In this paper we will follow the bulk of the literature
on RIVsand assume that the innovation processisa non-tour nament one.

® Since R&D isstochagticit is possible for ex post cost asymmetriesto ariseif one firm succeedsin innovating
and information is not fully shared.



The second key digtinction thet has been made in characteriSng innovative processes is
that between leapfrogging and catching-up'l. This distinction relates to the dynamics of
the innovaive process

With leapfrogging, dl firms end up discovering exactly the same new technology,
whatever technology they currently employ. Thus suppose that & a paticular time firm 1
employs the laest technology - say technology k - while firm 2 is usng some ealier
technology — say technology j < k. Then under leapfrogging the technology each firm will
discover as a result of its R&D effort is technology k+1. One way to think of this
innovative process as aidng is as follows Suppose that paents provide complete
protection to whoever has discovered the laiest technology, so the only firms that can use
this technology in production are those that have discovered it themsdlves or those that
been granted a license to use it. However, while paents protect the technology dl the
scientific knowledge underlying this latest technology is common, o dl firms can use this
knowledge as the dating point of ther own R&D effort. Consequently al firms can
potentidly discover exactly the same new technology, whatever technology they currently
employ. Thus under leapfrogging if both firms meke a discovery then initid cogt
asymmetries are diminated.

By contrast, in catch-up® modds dl firms obtain exactly the same amount of cost-
reduction if they succeed in innovating. Thus suppose again tha & a particular time firm 1
employs the laest technology — say technology k - while firm 2 is usng some ealier
techndogy — say technology | < k. Then, under catch-up, if firm 1 makes a discovery, it
will discover technology k+1, while if firm 2 mekes a discovery it will only discover
technology j+1. This gdtuaion will aise if innovation requires that firms have to meke
exactly the same sequence of discoveries by themsdves, and cannot benefit from R&D
done by others. Thus under catch-up if both firms make a discovery initid cost
asymmetries are maintained.

In what follows we will focus manly on what hgppens under legpfrogging and then
briefly note what happens under catch-up.

The third didinction is between those cases where firms are effectively following
duplicative (or subgtitute research paths) and those where the research paths are additive
(or complementary). This didinction maters when both firms succeed in making a
discovery. When firms are pursuing duplicative research then, if both discover, nether
can gan anything by sharing information about what it has discovered with the other. By
contrast, when firms are pursuing additive research paths then, when they both discover,
they can potentidly benefit from dhaing information snce, by combining ther
discoveries they can eech achieve a better technology than they can obtain by reying
ldy on ther own discovery. The extent of this improvement will depend on not just
how much information they share, but on how far they have been able to co-ordinate ther
research desgns s0 as to fully exploit this complementarity. We assume that if research
peths are complementary, if this complementarity is fully exploited and information is
fully shared, then firms end up with atechnology with unit costs

% Foran andysis of how these different types of innovative process affect the pace of innovation, see
Encaoua and Ulph (2000).
2 Catch-up is sometimes referred to as step-by- step innovation, or gradual adjustjment.
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To undersand the implications of these didinctions for the behavour of firms in both the
cooperative (RV) and non-cooperative equilibrium — and hence the private gains to firms
from joining an RV, we are going to condder a 5 stage game.

In Stage 1 firms decide whether or not to join an RIV. In Stage 2 they make ther
research co-ordination decisons. In the case where research paths are substitute this
amounts to choosing the number of labs to operate. In the case where research paths are
additive this amounts to choosng the research desgn and hence the degree of
complementarity that can be exploited. In Stage 3 they choose the amount of R&D that
eech lab will do. In Stage 4 they choose whether or not to share any information arising

from any discoveries that they have made. Findly, in Stage 5 they choose output.

We assume that the output decisons a Stage 5 are made noncooperaively, and, as
pointed out above, the non-cooperative equilibrium concept that we use is that of Cournot.

We will contrast the outcomes when the decisons made at the previous 3 sages are made
non-cooperativey, with those tha ae made in a coopeaive RIV equilibrium. This
enables us to determine the private gains that firms obtain if the choose to form an RV a
Stage 1.

Now providing a generd andysis of both the capperaive and non-cooperative outcomes
for such a 5dage modd is extremdy complicated. To make progress, and to highlight
the specid role tha the informaion-sharing and research co-ordination benefits of RIVs
can hbring, we ae going to make the following damplifying assumptions We will
ubssquently relax dmogt dl of them.

Al) Thee ae no illoves — defined as unrewarded, unintentional leskages of
information.  This assumption is dso made by Rodler, Tombak and Sebet (1997).

Incorporating Spillovers into the modd is farly draghtforward when firms are identicd
but it would grestly lengthen and complicaie the andyss when there are initid cost

asymmetries.

A2) If a lab operaes then it has a fixed probability of discovery p, 0? p?1 for
which it has to incur an R&D cost x > 0. This means tha there is no effective decison to
be made a Stage 3.  We will cdl this the exogenous R&D case. This assumption is
effectivly equivaent to assuming that there is an R&D cost function ?(p) with the

property thet, for some very smal 2, ?qp)?0, 0? p? p??, ?21p)? ? asp? p.

Later on we will consder what happens when we replace this the more usua assumption
of agenerd quadratic R& D cogt function in which we have endogenous R&D.

A.3) Inthe non-cooperaive equilibrium:

() Licenang is impossble  This means tha if only one firm discovers then,
folowing Kasoulacos and Ulph (1998a & b), no information is voluntarily shared
if s> 0; but information isfully shared if s <0.

(i) Research coordination is impossble Hence if both firms discover each firm

ends up with cogts ¢ ? ¢ ?? , whether research paths are duplicative or additive.



A4)  Inthe cooperdive (RIV) equilibrium the following istrue.

()  Itisareguirement of joining the RV that full information sharing takes place®.

(i) If the RV chooses to operae 2 labs it can achieve full R&D coordination in the
case where research paths are complementary.

(i)  However, the RV can dso choose to concentrate dl R&D inasingle lab.

With these assumptions, in the next sub-section we will set out the andyss of RV
formation for our centrd case. In the following subsection we will condgder how the
conclusions are dtered when we drop the various assumptions.

22 The Central Case: Leapfroqqging, Exogenous R& D, No Initial Cost Asymmetries.

We st out the andlysis for the full 5Stage game.

Sage 5. Output

As mentioned above we assume that output is dways st in a non-cooperative Cournot
equilibrium.  Conseguently, it follows from standard theory that if one firm has (congant)
margind costs ? ?a while the other has (congtant) margind cods ? ? a then, if both
firms are active in equilibrium, the firgt firm’s eguilibrium operating profits will be

22?29a? R 2L
2 47s° 3

2P .27

Notice that if goods are subdtitutes, s < O, then this firm's profits are reduced by any
improvement in the other firm's technology (reduction in ?) while if goods ae
complements (s > 0) then the firm bendfits from any improvements in the other firm's
technology.

Saoe 4 Information Sharing

To see wha hagppens here we need to condgder various possible outcomes of the R&D
process a the Stage 3.

There are only three possible outcomes.
0] Neither firm succeeds in making a discovery.

Here there is no information be shared. Both firms will have initid technology with unit
costs C, 0 each makes profits 2,22 1c,c ;. Joint profitswill be 2., ? 22,

(i)  Only one firm succeeds in making a discovery.

Whichever firm thisis, it obtains atechnology with costs ¢ 2 c.

B Later on wewill assume that in fact firms will alwayswant to share information in the RJV, so this
requirement isinnocuous.



In an RV this firm will fully shares information with the other firm thet has not made a
discovery, o both firms will have costs ¢ and profits ?,, ?? cc’. Joint profits are

?ll ’) 2?11'

In the non-cooperdtive equilibrium no informetion is shared.  The firm meking the
disoovery has costs ¢ while the other hes costs c¢. The firm making the discovery will

have profits ?,,??c,c. while the firm tha faled to discover mekes profits
2,22 1c.cr. Joint profitsare 2., 22,22,
(iif)  Both firms make a discovery
Here we have to recognise two separate cases.
(@ The discoveries are duplicates (perfect subgtitutes).

In this case each firm will again end up with costsc - however much informetion is
saed. So individud and joint profits in both the RV and the non-cooperative
equilibiumare ?,, and ?,, respectively.

(b) The discoveries are additive (perfect complements).

We have asumed that through research design coordination and full information-
shaiing, the RV can fully exploit this complementarity. Thus the two firms will each

have a technology with costs c¢? ¢. Each firm in the RV will have profits 2, 22 ‘c,c’
while their combined profitswill be 7, ? 22 ,,.

We have assumed that in the nonrcooperative equilibrium firms are unable to co-ordinate
their research designs and unable to share information. So each firm will end up with
codts ¢ whileindividua and joint profitsare ?,, and ?,, respectively.

Stage 3 R&D

Given our assumptions in this section each lab that operates will spend x on R&D and
have a probability of discovery p, 0?2 p?1.

Stage 2 Research Design

In the non-cooperative equilibrium there are no decisons to make. Each firm operates a
lab and ends up pursuing an independently chosen path. The expected joint profits of the
two firms from being in the non-cogperative equilibrium are therefore:

—2 —r _—t r_—r2
V"2 P 2,22p. 12 P12, 212 Pl 2 22X )

if goods are subdtitutes, and



VT2 22027, 22,, 2112 D) .2 22X 2

if they are complements.
In the RV firms can choose whether to operate 1 lab or 2 labs. If it operates 1 lab it will
be unable to exploit any complementarities in the case where research peths are additive,
but can avoid duplication where research paths are duplicative.
The expected profits with one lab are therefore

V2 p2, 212D 2, ?x ®
while the expected profits with 2 labs are:

VZC??al?rgl’P a’P ’?'1’?p ’7 w 22X @
if research paths are duplicate, and
—2 —r r_—r2
Vy;?2p?,22p.42p12,, 2072 p: .2 ?2X ®

if research paths are additive.

The expected profits of an RV are therefore

Ve 2 MAX 3V°,Vf 3. ©

To understand when the RV will choose to operate 2 labs condder firg the case where
research paths are duplicate. Thenit follows from (3) and (4) that

? e —n = ?
ViS\e p.',h?p?.??ll’??oo?;x. @

The intuition is clear. The gain b the RV from operding 2 labs is thet it gives it an extra
chance of meking a discovery if one of the labs fals to discover. This gain is given by the

term p. 12 p X, ?V,,?. However the additiond R&D cogt is x. So what (7) tells us
that the RV will operate 2 |absiff the gain from doing so outweighs the cost.

When research paths are additive then (7) becomes:

?
Vzchf 2 P N, 2V, 2?2 p A2 2%, 22, ") X. ©



Agan the intuition is dear. When research paths are additive then an additiond gain
from operating two labs is that it gives the chance of having both labs discover and exploit
the complementarity. Notice that if R&D costs x are aufficiently lasge an RV may
choose to forego the gains from complementarity in order to regp the gains from avoiding
duplication.

Sage 1. RJV Formation.

To condder the gain to the two firms from forming an RV it is worth consdering a
number of cases.

() Substitute Products, Duplicative Research Products.

It follow from (1), (3) and (4) thet thet gain to forming an RV is

G2 32p. 17 p1. 22,22, B2 MAX (% 2 p 121 2,22, B0, @

Yoo

The firg term on the RHS of (9) is the information-sharing gain. The Sgn of this term
dependsonthesignof 2, ??,,. Therearethree cases.

@ If ?,?7?, is podtive then the inadlity of firms to share informaion
through licenang in the non-cooperative equilibrium confers a red gan on the
RJV. While we have assumed that the RV is reguired to share information, if this
term is pogtive then the RV would indeed dways share information even if it had
achaoicein the matter, so the assumption isinnocuousin this case.

(b) If ?,,?7?, is negative then the obligation on firms to share information if
they choose to join an RV imposss a cogt on forming an RIV. Notice tha in this
case, our assumption thet the firms are unable to license in the non-cooperdive
equilibrium becomes innocuous, because, if they could licence, they would choose
not to.

(© Findly note that if firms were dle to licence in the non-cooperative
equilibrium and able to choose whether or not to share information in the RV then
thisterm would be zero.

Now dnce informetion sharing is thought to be one of the mgor advanteges of RV
formation, in all that follows we will assume that

2.7 (10)
50 that information-sharing is desirable.

The second term on the RHS of (9) is the research co-ordination gain. In this case the
gan from research coordinaion comes fram the possble gans from avoiding
duplication. Our discusson aove has highlighted when this gain will arise.



(i)  Complementary Products, Duplicative Research Paths

Using (2), (3) and (4) we now find that

G 2 MAX 1% 2 1272, 22, B.01. (11)

“o0 %y

The intuition is dear — when products are complementary then firms will share
information without any licence, 0 the only gan from RV formation is tha from

resear ch co-ordination.
(i)  Substitute Products, Additive Research Paths

From (1) (3) and (5 it follows that
@ —r = r —r, =t —2 ,5
G= 2 2p1? p.7?, 22, B2MAX 1 X ? p'd? p1.72,, 22, B, P .72, 22,7 (12

If we compare this with (9) we see that the research co-ordination gan is now the
maximum it can get from avoiding duplication by operaing a sngle lab, and the gan
from fully exploting complementarities through operaeting two ldbs and fully co
ordinating research designs.

(vi)  Complementary Products, Additive Research Paths

From (2) (3) and (5) it follows that

G® ?MAx?gx?_p.’gl? p’;.??ll??mq’;—pz_??zz??u’& 13)

If we compare this with (12) we see thet, just as case (i) above, the fact that products are
complementary means that there are no gains from informeation-sharing.

To understand what  (9), (11)-(13) imply for the magnitudes of the gains from forming an
RJV, in what follows we will make he ceteris paribus assumption that the magnitudes of
the numbers i 7 i,j 20,1,2 are independent of whether products are subgtitutes or

complements, and whether research paths are additive or duplicetive.

Result 1 Ceteris paribus, we have the following ranking of gans from RNV
formation:

G*?G®?GY; G=?2G*?2G™.

Corollary 1 Frms are more likely to form an RV when products are subgtitutes and
research paths are additive

Theintuition isasfollows. Congder in turn the two types of gain.
Information Sharing When products are complements, there are undoubted gains to be

had from sharing information, but, Snce firms have privaie incentives to redise these
when acting non-cooperatively, there is a smdler gain to be had from forming an RV
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than in the case where products are subgtitutes and there are no such private incentives ti
share informetion voluntexily.

Research Co-ordination When research paths are additive, then the RV can redise
whatever gains there are to be had from avoiding duplication by operaing a sngle lab and
avoiding duplication, but can, in addition obtan gans from operaing two labs and fully
achieving research design co-ordingtion. It will pursue this option only if these gans
exceed the gains from awoiding duplication.

The conclusion that firms are more likdy to form an RV when products are subdtitutes is
in shap contrag with the conduson by Roller Tombsk and Sebet (1997) that the
incentives to form an RV are higher when firms produce complementary products.

However there are anumber of qualifications to be made to this result.

() The result depends cruddly on the two assumptions that licenang is impossible in
the non-cooperative equilibrium, and that the inequdity in (1) holds If licenang
is possble then, as Katsoulacos and Ulph (1998c) show , licenang will dso take
place whenever (1) holds, o there will be no information gan — whether products
ae subditutes or complements  If (1) does not hold, then there will be no
informaion shared in ether the cooperaive or the non-cooperdive equilibrium —
30 once again there will be no information gain from being in an RV.

(i)  The ceteris paribus assumption is dmost certainly the wrong one.  Thus it is hard
to think of cases where firms producing complementary products are doing
duplicative research — though it is perfectly possble for firms producing subditute
goods to be doing edditive research. If the gains from exploiting research design
complementarities are higher than those fran avoiding duplication, then, on
avarage, the gans from joining an RV may be highe when firms produce
complementary goods rather than subgtitute goods.

(i)  Fndly we have ignored the effects of RV formation on the amount of R&D that
firmsdo.

So it is not very cler how the degree of complementarity of the industry would affect
incentivesto join an RV.

Having obtained the results for our core case, in the next sub-section we will consder a
number of extensions.

23 Extensions

We congder in turn anumber of extensons.

2.3.1 Initial Cost Asymmetries

To understand how profits are affected when the firms are initidly asymmetric, notice
that, because of the legpfrogging assumption, asymmetries will matter only when one firm
aone has discovered (ad information is not shared), and when neither has discovered.

0] Only 1 Frm Discovers



This dtuation can arise in two ways — it can be the initid high-cost or low-cogt firm thet
makesthe discovery. Let

2 )21 2%522722 % 22.¢72 %,c22 72 B22,cR2? (14)
10 2’) = ' . 12 = ' ' ’_-? 10

The fird term on the RHS of this expression is the average combined profits of the two
firms in each of the two gStuations where only one of them mekes a discovery, (and no
information is shared) but now firms have different initid costs. From this we subtract
the combined profits of the two firms where only one makes a discovery and no
informetion is shared, but firms have identicd initid costs. This can be thought of as a
“correction term” to teke account of initid asymmetries in the case where only one firm
discovers and no information is shered.

Ovioudy ?,,(0) ?0. Itisstraightforward to show that

r ’
» 24?5
P10 9

. 20
7 No27

50 that the correction factor isincreasing in the degree of asymmetry.

In what follows we will assume that the andogue of (10) holds when there are cost
asymmetries, i.e. that

?17? 7107?10 15

which will agan ensure tha the RV will dways fully share informaion — see
Katsoulacos and Ulph(1998a& b).

(ii) Neither firm discovers

Let
— - ’ r— - 4
20 ? 2 1C??,C22.,221c?2,022 322,

be the “correction term” that needs to be made to combined profits to take account of
initiad asymmetries in the case where ndther firm has discovered. It is sraightforward to
show that

D0y, 2 R2SY 5,70 4 19

7 Tuped 7

The gains from RV membership now become:
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The effects of initid asymmetries on the incentives to form an RV can therefore be
summarised as follows:

Result 2

0] An increese in initid asymmetry reduces the information-sharing gain from
RJV formation when firms are producing subgtitute products.

(i)  When avoiding duplication is the principad gan from research co-ordination,
then an increase in the initid asymmetry increases the research co-ordination
gan from RV formation.

(iil)  When firms are in subditute indudtries, and when avoiding duplication is the
principd  gan from research coordingion then an increese in  initid
asymmetry incr eases the gain from RV formation.

The intuition is draghtforward. Asymmetries dlow low cogt firms to exploit their cost
advantage, and severdy disadvantage the high-cost firm.  Overdl this increases industry
profits.  This increese in profits arises when firms withhold information and so reduces
the gain from informationsharing. On the other hand this reduces the cogt of deciding to
operate a sngle lab, dnce it reduces the gain in profits that would be made by having an
extra chance of making a discovery.

Corollary = When firms ae producing complementary products, increeses in
asymmetry have a non-negative impact on RV formaion. When firms are producing

subgtitute products, an increase in asymmetry will reclice the incentives to form RIVs
when RIVs operate 2 labs, but increase them when RIV's choose to operate asingle lab.

2.3.2 Catch-Up

The idea here is that making a given amount of progress smply determines the amount of
cos reduction a firm can achiee — but these are just reductions from the initidly
asymmetric costs — o0 cost asymmetries are aways preserved.  Thus, if the high cost firm
done makes progress and no informaion is shared, the costs of the two firms are
c??,c??; while if both firms make progress but no complementarities are exploited the
costs of thetwo firmsare ¢ ??,¢?? , and soon.

It is dsraghtforward to show that in this case the correction to profits that needs to be
made in order to take account of asymmetries is ?% in stuaions 00, 11 and 22, and 2?%°
in dtuation 10. But then asymmetries just raise expected profits in both the cooperdive
and non-cooperdive equilibrium by the amount ?° and so have no efect on the
incentivesto join an RV.
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3. Theempirical analysis

There are severd results emerging from the theoreticad andyss above that can be tested
for a sample of European RIVs. In particular, we are ale to test the impact of the reative
characterigtics of product markets and of asymmetries between firms on the incentive to
form RIVs. To get familiar with the data set we first describe our sample and derive some
descriptive gatistics. We then proceed to the econometric ardlysis.

3.1. Construction of the data base

The sample of European RIVs andysed includes dl RIVs supported by the European
Commisson under the Eureka Programme®. Although pat of a spedfic policy
programme, Eureka RIVs can to a large extent be consdered as market driven. In other
words the Eureka programme is not expected to subdantidly modify the market
incentives to form RIVs.

Eureka projects ae ether nonsubsdissed or subsdised by Nationd governments. An
exhaudtive sudy of the programme shows tha the provison of public funding plays a
minor role in inducing firms to join the programme (Peterson, 1992) Projects in Eureka
jut get a ‘qudity labd’ from the Commisson, which merdy promotes networking
activities. Moreover, projects in Eureka are proposed by the RV members following a
bottom up approach: research areas are not defined apriori. Findly, research in Eureka is
“near-market” and applied.

The am of the empiricd andyss is to explan why some firms join together to form an
R and others don't. Condgently with the theoreticd mode we work under the
amplified assumption that RIVs are formed by two firms only. We therefore extract from
our database dl couples of firms which have formed a joint venture together in the period
1995 to 1996 for Eureka, and 1996 to 1997 for Cordis Our counterfectud condsts of dl
the potentid couples, which did not teke place between firms, which have formed RIVs
(thus firms showing a pogtive propendty to form RIVs). To andyse the characteristics of
the firms in our sample we combine the RIVs data base with a data base containing
belance sheet and other information on individual firms™.

The totd numbers of couples sdected are 148. The counterfactud is given by dl the

i
potential couples which did not teke place and it is w; times the number of redl

couples The totd number of countefactuds is therefore unmanagesble. Consequently,
five different random samples of counterfectuds were extracted, with size five times
larger than the number of the effective couples'® Having five different samples it was
possible to test whether parameters were dstable. As this was the case, we only report
results for one sample which conggs of 648 total couplesin Eureka

% The data set (or data) were retrieved from the"STEP TO RIV" database developed by NTUA/LIEE and SIRN
in the context of the STEP TO RJV project, funded by the TSER programme of the EC.

5 Collected from the Amadeus Data Base

 Roller, Tombak and Siebert, 1997 aso compare effective couples to arandom sample of potential couples.
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Table1
Variables tested

LNJOINTEMP Log of sum employeesof firmi and firmj
LNJOINTSALES | Log of sum of sdesof firmj and firmi
ASYEMP =E;/E;, where
E;; : average number of employees of firm i or j over the period 1992-1996
i : thefirm with the lower number of employees
j : the firm with the larger number of employees
ASYEM P2 ASYEMP squared
ASYEMP* ASYEMP multiplied by the product substitutibility dummy NACE4
*NACE4
ASYSAL =S,/S;, where:
S: average sdesof firmi or j over the period 1992-1996
i : thefirm with lower sdles
j : thefirm with larger sdles
ASYSAL?2 ASY SAL squared
ASYSAL* ASYSAL multiplied by the product substitutability dummy NACE4
NACE4
ASYROA Difference between the average return on total assets of the two firms over the period 1992-1996 (in
absoluteterms)
SOSO Geographic dummy dummy =0 if both firms are located in Southern Europei.e. from Spain,
vaiable, where Ity and Greece
dummy =1if onefirmislocated in Northern Europe and the other onein
Southern Europe
dummy =2 if both firms are located in Northern Europe
NACE4 Product substitutability — dummy =1 if the firms products are in the same NACE industry at the four
dummy varigble, where  digit leve
GNP = GNP,/ GNP i ,where GNP Gross Nationd Product of the region where the firm islocated
source (OECD)
i : theregion with the lower GNP
j : theregion with the larger GNP
INPUT =INP; + INP;, where  INP; : percentage of theinput of firm’si two-digit-Nace sector which
consists of output of firm'sj two-digit-Nace sector, measured for the
aggregate of Oecd countries
INP;; : percentage of the inputs of firm’sj twodigit-Nace sector which
consigts of output of firm’si two-digit-Nace sector, measured for the
aggregete of Oecd countries
(Source Oecd input -output tables)
INPUT*NACE4 | Interacted variable given by the product of the Nace4 and the Input varigbles

3.2. Descriptive statistics

Table 1 ligs a sat of varidbles describing the joint charecteridics of the firms in the

couples. We now discuss descriptive Satigtics for some of these variables

Following the theoreticd moded, we paticularly focus on the characteristic of the product
markets - whether products are complements or subgtitute — on the characterigtics of
research paths — whether they are additive or duplicative - and on various indicators of
asymmelry pertaining to the characterigics of the firms. To capture factors which have
not been explored in the theory, but which could adso be rdevant we dso indude various
vaiables rdaing to the location of the firms (more precisdy to the locaion of ther

headquarters)

Of course we can only get very goproximate indicators of some of our theoretica

vaiables,




?? Product subgtitutability we take to be cgptured by the NACE4 variable where we
assume that NACE4 =1 corresponds to s> 0, while those cases where s <0 will
arise when NACE4 = 0.

?? We take the INPUT variable to give us some indication of the degree to which
resserch paths are likdy to be additive rather than duplicative, since it provides
some indicator of whether firms are engeged in activities that are likdy to be
mutudly useful.

?? We have no direct measure of cos asymmelries, but can measure only
asymmeries in ether sdes or employment.  While, ceteris paribus, cost
asymmetries will imply asymmetries in these varidbles there could be other
factors driving these observed asymmetries.

Table 2 reports mean vadues of the explanatory variables for effective and potentid
couples (which did not in fact foom a RV). The picture is condstent with the theoreticd
predictions.

For product substitutability, we see tha, on average, firms are more likely to join together
in a RV if they are pat of the same industry and therefore their products are subgtitute.
The share of firms in the same industry is on average larger for red than for potentid
couples.

Turning to research path complementarity, this is measured by the share of each firm's
inputs which are products of the other firmt’. This is dso on average larger for red
couples.

Thexe reaults are in line with theory, as the modd predicts that in both cases firms gan
from co-operation. For subditute products there are two sources of gains from sharing
information and from co-ordinating the research effort. For complementary products there
ae only gans from co-ordinating resserch. This does not imply, though, that gains are
necessarily larger when firms are in subdtitute indudiries, as the modd does not make any
prediction on the rdaive magnitude of the different gainsin different circumstances.

For asymmetries in Sze and production codts, the modd shows that it is not possble to
draw generd conclusons. The impact of asymmetries depends on the interaction between
product subgtitutability and research pah complementarity. Indeed, the average
indicators of asymmeries differ jus mildly for red and potentid couples It is quite
remarkable, though, that the average vadue of the indicator is low, showing large
asymmetries between firms in the sample.  On average the smdl partne’s output or
employment varies between 23% to 30% of the other partner’s output or enployment. If
we look a figures 1 and 2 we can see that a remarkable share of red couples is between
firms with lage asymmetries The didribution does not change subgtantidly if we
consder potentid couples.

Findly, we examine where patners headquarters are located. We consder whether
couples are from Northern or Southern countries. There is no prediction on this in our
mode, dbet indirect ones a fa a we assume that Northern countries are
technologicaly more advanced than Southen ones. The levd of deveopment of the

¥ Note that, differently from the theoretical modd, the empirical analysis does not use the same measure (the
cross dadticity of subgtitution) for subgtitutibility and complementarity. Here they are measured in terms of the
technical characteritics of the products. We can therefore andlyse their effect separately.
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country where the firm is located could affect production cods, because of externdities
and infrastructure. Consequently, this is an indirect measure of asymmetry. By far the
larger share of couples are between firms both bcated in Northern countries. South-South
RIVsarerare'®,

Table 2: Mean characteridtics of redl and potentia couples

Asyem | Lnjointe | Asysd |Lnjointsa | Input % firms in| % % %
p mp (mean) |es (mean) |subditute | couples | couples | couples
(mean) | (mean) (mean) industries | South- | North- | North-
South South North
Pairs that | 02996 | 84028 02533 (132993 |00535 |34.94 0 8.05 91.9%5
formed
anRlV
Pairs that | 02695 | 8.1001 02493 |132161 (00331 |537 224 2595 7181
dd not
fom an
RV

B This result may reflect abiasin our sample, as the number of firms which may potentially form an RVsis
probably larger in Northern countries than in Southern ones. Moreover, Northern countries have probably more
national programmes supporting RVs.




Hgure 1. Didribution of red pairs (Fij=1) according to values of ASYEMP and ASY SAL
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3.3. Econometric analysis

We test the probability thet a couple is formed against a st of combined characterigtics of
the patners. We therefore run the following crosssection probit model™, where P is

equd to 1if firmsi and j join the same RV and O otherwise:

P 272,22, ??,

X; isavector of combined charecteridtics of red and potentid partners listed in table 1

The tex of the econometric modd, confirms the preiminary conclusons derived from
destriptive  detigtics. Results are reported in Table 3. Regresson 1 uses rddive
employment as ameasure of asymmetry and regresson 2 relative sales.

Given that the shares of effective couples on potentid couples are much larger in the
esimated samples than for the tota population, there is a risk of sample sdection bias. To
take into account this problem, the regressons have been etimated usng a pseudo
maximum likdihood edimator: the pseudo maximum likdihood edimaor of the
parameters ? is the solution to the weighted sample edimating equetion (i.e the sample
log-likdlihood equation with welghts), where weights are the proportions of 1 and of O

over the totd number of possble couples ?n(n?l)?. Weght for 1s is &3

32 3 Sh(n?1)/22,
where n, is the totd number of 1 in our sample and n is the total number of couples. This
edimation is adequate for handling random samples where the probability of being
sampled varies. The methodology improves the efficiency of the edimator (Amemya
(1985), Greene (1990).

Moreover, to check for the robusness of our results we caried out tets consdering
different proportions of 1s and Os. The results of the regressons are robust to different
sample proportions, both for the Cordis and the Eureka samples. The change in sample
proportions only affects the dgnificance of some variables in the Eureka case, when the
proportion of Os is increased with respect to that of 1s Because of the persgtence in the
results we think there are no srious sdectivity bias due to the sample sdection of the
possble couples that could have been formed. In other words, the probaility to form a
couple is independent of the numerosty of the red couples with respect to that of the
possible couples.

The probability of forming a couple is larger when firms are in the same industry and
when ther research paths ae more likdy to be additive This result is robust and
sgnificant, dthough the coefficient is larger and more sgnificant in the case of subditute
firms. It confirms the Srongest prediction of the theory, namely that the incentive to form
an RV can be paticulaly high if firms produce subgiitute products as information gans
ariseonly inthis case

Note that when we interact the input and the Nace 4 variables we get a negative and
dgnificant sgn. This would suggest that when firms are in subditute indudries the
megnitude of gans from exploiting potentid research complementarities is lower. Put

®The regression has been estimated using a pseudo maximum likelihood estimator and considering samples
with different proportions of 1 and 0. More details can be found in the Appendix.
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somewhat differently, this just indicates that our ceteris paribus assumption in Result 1 is
not valid.

Asymmetries are only sgnificant when reldive sze is measured in terms of sdes of the
two firms Note that we have a pogtive sgn for the linear coefficient and a negative sSgn
when we sguare the asymmery vaiable. This implies that the rdaionship between
asymmetry and the probability of forming an RV takes an inverted U shape. If we dart
from the symmetric case the probability of forming an RV increases with asymmetries,
reeches a maximum and then dats dedining. Thus, the probability is highest for
intermediate levels of asymmetry.

This result is pefectly consgent with theoretica predictions for the case when avoiding
duplications is the man gain from coordinating R&D and therefore when firms tend to
merge their research activitiesin one lab.

The dgn of the other firm-specific indicator of asymmetry (the difference between returns
on asts - ASYROA) is negative and sgnificant. This is consstent with the results for
the linear coefficient of the Sze asymmetry varidble Indeed, the negaive sgn implies that
the smdler the difference (thus the lower the asymmetries) the higher the probability of
forming acouple.

Findly, we look a the role of the countries of origin of the two patners. The
econometrics confirms that Eureka couples are more likdy to teke place between firms
both besad in Northern countries. As the geographic location (North and South) reflects
mildly the level of development, we adso control for reaive GNP of the region where the
headquarters of the partner firm are based. Couples are more likely to be formed the more
amilar the GNP of the regions of origin.
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Table 3: Econometric results

EUREKA gRegl: X=EMP Reg2: X = SAL
LNJOIN X 0.0164 0.024
$0.375 0.570
£0.0007 0.001
ASY X § 1.228 1731%*
©1.437 2.112
£0.053 0.081
ASY X2 $-0.9852 -2.049**
£-0.967 -1.979
§3-0.o43 -0.097
ASY X*NACE4 -0.6245 -0.1697
$-0.851 -0.224
€-0.027 -0.008
ASYROA 1-0.0149* -0.0141*
-1.701 -1.725
-0.0006 -0.0006
SOSO £0.6660"** 06617***
3.424 3.477
:0.029 0.0313
GNP 1.325%** 109**
3.123 2.709
%o.oss 0.051
NACE4 %31.5437*** 13417+
'5.448 4.903
§§o.241 0.193
INPUT 1,508 1.633*
%31.943 1.865
:0.07 0.077
INPUT*NACE4 %—2.779* -2.698*
-1.749 -1,669
-0.121 -0.127
Constant {-4503** -4.533**
4-6.660 -5.793
No of obs %489 502
Chi2 65.24 6178
Pseudo R2 2017 015
L og Likelihood +-50.11 -63.24

*ggnificant & 90% **dgnificant a 95% ***dgnificant a 99%
zvduesin bold
dHdX in italics



4. Conclusions and policy implications

This paper examines which firms from a heterogeneous pool are more likdy to join
together and form a RJV. It differs from previous contributions as it introduces a set of
redigic hypothess on the characteristics of research cooperation and information
sharing. Research paths can be subgtitute or complementary. This affects the nature of and
consequently the gains from co-operation. If research is subdtitute, then firms co-operate
0 as to avoid duplication of research cods If research is complementary, then firms co-
operae 0 as to exploit synergies. In the first case they will just use one lab, in the second
one they will co-ordinate the activities of two labs

Previous contributions assume that firms do not share information voluntarily if they do
not cooperate. In this paper we assume that this is the case only when firms products are
subditute. If firms  products are complementary there may be gans in shaing
information dso under non cooperdion. This diminates the gains from co-operdion
aigng from information sharing. This result provides a drong rationd explanation of
why firms competing in the production of subditute products cary out RIS

cooperatively.

The empiricd andyss caried out on a sample of RV formed under the Eureka
progranme supports this theoreticadl  predictions. Pars of firms forming RJIVS
predominantly produce substitue and/or complementary products.

The modd dso carefully explores the role of asymmetries in costs between the two firms,
It shows that under given circumstances the incentive to form RJIVs is higher when
asymmetries between pars of firms are in ther intermediate ranges. Also this reault is
confirmed by the empiricd andlyss

Findly, it is found that mogt pars of firms forming RIVs are based in Northern European
regions with rlatively close levels of GNP per capita.

From these findings we derive important policy implications. The European Commisson
directly or indirectly supports the RIVs in our sample. As we do not have a counterfactua
of RIVs not supported by the Commisson we cannot say how our RIVS compare to
purely market driven RIVs. However, we can argue tha the features of EU supported
couples of firms forming RIVs do not differ from what we theoreticdly expect from
market driven RVs.

There is often a presumption the RIVs should only be formed between firms producing
complementary products, as though co-operdtion in R&D should come as a spin-off of
veticad integration. In contrast, this pagper shows that gains form co-operaion ae aso
large and possbly larger, for firms producing substitute products. It is therefore an
aopropriate policy god to dso favour RIVs between competitor firms. However, concerns
for competition policies are more likdy to arise and the raionship between RIVs and
market share should be carefully explored.

There is no way of controlling in our data how RJIVs organise ther R&D activities
However, the fact that mogst pairs of firms are in subditute industries and the impact of
asymmetries on the probability of forming an RV meakes it likdy that concentrating R& D
activities s0 as to avoid duplications is a dominant patern in our sample. Therefore, there
may be concens doout the location of research activiies As fa as research is
characterised by gsrong locdised externdities, RIVs would then lead to a concentration of
research activities in few locations within the EU. This is probably the opposte of what
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the Commisson is trying to achieve by supporting RIS, i.e the diffuson of research
cgpacity aso to peripherd aress of the Union.

Findly, there are contradictory findings on whether RIVs will succeed in reducing
differences in efficiency a the firm and country levels In generd, we find some, not
extremdy robugt, evidence that asymmetries are lower for firms that get together than for
firms thet don't. Yet, we have driking evidence that asymmetries are on average very
large both for red and for potentid couples. In this regpect, the EU support programmes
seem to be able to promote research linkages between smal and large firms (high and low
cog firms). On the other hand, it appears that most firms getting together are basad in
Northern countries rather than in Southern ones and, perhaps more importantly, in
countries with a smilar level of development as measured by GDP per cepita Thus, he
involvement of firms based in peripherd aress issmal.
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