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Abstract

We will claim in this paper that it was in particular the above-average propensity to share innovative information with
customers and competitors which caused the exceptional international competitiveness of the West German plastics industry
including chemical firms, plastics fabricators and machine makers. The system of knowledge exchange of this national cluster
was shaped in two main steps. In the first half of the 20th century, cartellization and mergers were first tolerated and then even
supported by the German government. It was in this period when German chemical firms formed the vertically integrated I.G.
Farben concern which provided an optimal organisational framework to explore the new technological path of plastics. After
the breaking up of I.G. Farben the firms of the West German chemical firms had to find new ways to maintain inter-industry
technological co-operation in the second half of the 20th century. It turned out that they became aware of both contractual and
non-contractual solutions of bundling standard good and information which were often placed somewhere between “market”
and “hierarchy”. It seems to be no accident that all these different institutions did primarily encourage knowledge exchange
between firms in geographical and cultural proximity. That is why the knowledge exchanging network of the plastics industry
described in this paper has been in particular concentrated on German firms. Even so the question is still open whether
this localisation is just a curiosity limited to a special industry cluster or part of a broader German system of knowledge
exchange.
© 2002 Elsevier Science B.V. All rights reserved.
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1. The problem of knowledge exchange important sources of long-term economic growth (see,
for exampleMokyr, 1990. However, like others gifts,
Economic history is full of examples which suggest this talent has not been equally distributed among
that technological creativity has been one of the most people, firms or industries. What is more this kind of
inequality often not even balances out on the level of
Er— _ _ states. Obviously some nations have done better than
" This paper was presented at the Fifth European Business . L . . . .
History Congress in Oslo, 31st August—1st September 2001. Oth_ers _m b“”g,'”g forth particular Indusmes d‘?m"
E-mail addressjochen.streb@mail.awi.uni-heidelberg.de nating international markets by their comparatively
(J. Streb). superior capability to innovate. That is why, measured
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by economic standards, some countries have beenwhich can be profitably sold in downstream markets.
forging ahead while others have been falling behind Equipment manufacturers as well as commaodity sup-
(see Abramovitz, 198%. Nevertheless, it would be pliers have incentives to create and transfer this kind
wrong to conclude from these empirical observations of knowledge whenever they expect that the market
that we have to accept such an uneven developmentsuccess of such an innovation will also increase the
in the future too. Instead politicians and managers of demand for their own products which themselves
those nations lagging behind may be able to improve are serving as inputs in the respective process of
the technological creativity in their particular home production (see/anderWerf, 1992 However, every
market by changing the attributes of the legal, cultural exchange of goods bears the danger that the receiver
and economic environment. To find out appropriate of a particular good refuses the economic return.
ways to do this recent studies analyse the respectiveThis is particularly true for transferring innovative
merits and disadvantages of historical “national sys- knowledge since it is especially hard for the sup-
tems of innovation” (seeedquist, 1997; Freeman, plier to prove before court that an intangible piece
1995; Lundvall, 1992; Nelson, 1993; Porter, 1990)  of information has actually been delivered. We will
The German system of innovation of the late 19th elaborate this hypothesis using some techniques of
century, for example, is especially credited for its ad- game theory.
vanced education system, the variety of specialised re- We will model knowledge exchange as a two-stage
search organisations sponsored by government and itsgame with two player$.These are an upstream firm
industrial research laboratories. It is widely believed supplying commodities and a downstream firm pro-
that the new products which emerged from these cessing these inputs to consumer goods. We further
organisational innovations allowed German firms to assume that the R&D department of the upstream firm
overtake their British competitors in fields like steel, additionally has the capability to develop ideas for
chemicals or electro technical products (geeck, product innovations which are supposed to be put up
1993. However, the diffusion of knowledge might be for sale at the market of the downstream firm. The
as important as the creation of knowledge to make a transfer of this knowledge to the downstream firm can
national system of innovation working effectively (see be carried out through product demonstrations and
Lundvall, 1998. In this respect.undvall (1988)em- customer training. Since the downstream firm will be
phasises the importance of inter-industry knowledge reluctant to pay for this kind of information before ex-
exchange between upstream and downstream firms.actly knowing its contents the upstream firm is forced
There are several channels through which innovative to reveal its knowledge first (se@arter, 1989 Then
information can be transferred from one firm to an- the downstream firm can decide either to take the
other.Drejer (2000¥ocuses on the flow of information  knowledge transfer as a free lunch or to reward the up-
embodied in commodities. Mapping inter-industry stream firm for creating and transferring the useful in-
interdependencies on the basis of input—output tables novative information. Hence, the game of knowledge
she gets the result that the chemical industry was and exchange has the extensive form showirrig. 1
still is the major source of embodied technology in The upstream firm moving first has the choice
Germany. In this paper, we will concentrate on the between the two strategies “Do not transfer” and
channels of pure knowledge exchange between sup-“Transfer”. The strategy “Do not transfer” means that
plier and customer. New information can flow in both the upstream firm will not communicate any innova-
directions. Being informed about actual problems and tive information to the downstream firm. In this case,
future needs of their customers, upstream firms are the upstream firm realises the zero payoff. The same
better able to assess which kind of technological in- is true for the downstream firm. Playing “Transfer”
vention will also be economically successful. In this the upstream firm has costs which includes expenses
case, it is the downstream industry which determines both for R&D and for teaching the downstream firm
the choice of R&D projects executed by the upstream how to manufacture the product innovation. The total
producers. It is also possible that the latter shape payoff of the upstream firm depends on the reaction
the future direction of their customers’ technological
progress by independently developing a new product ! SeeStreb (1999)For a similar concept see al&reif (2000)
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Fig. 1. The game of knowledge exchange.

of the downstream firm in stage 2. Being able to
offer the product innovation to its customers exclu-
sively the latter gets an unusual profit anyway. So
the downstream firm might decide to play “Reward”

play “Reward” in the second stage is not credible
since the upstream firm has no possibility to punish
the downstream firm for deviating from this promise.
However, since there also exists the strategy combina-

which means that it compensate the upstream firm tion “Transfer” and “Reward”, which would not only
commensurately. Then both players would obtain a improve the situation of both players but as well in-

positive profit. However, the downstream firm will

crease the wealth of the national economy as a whole,

surely be tempted to refuse the upstream firm any this result is not satisfying. Hence, it seems reasonable

economic return by playing “Cheat”. In this case, the
downstream firm will realise a higher profit while the
upstream firm will have to face a loss.

To clarify the basic problems of trading informa-
tion we now assume that both players meet only
once. However, keep in mind that it is not realistic
to interpret technological co-operation between firms
as a single-shot game. Bection 3.2 we will give

for a society to try to establish additional rules of the
game which change the outcome from the unwanted
single-shot Nash equilibrium to this Pareto-superior
solution. Because of historical, political and cultural
differences some nations might be better than others
in carrying out this task. In this case, country-specific
institutions encouraging the knowledge exchange be-
tween firms should be added to the components of

up this assumption and show that repeated strategicthe respective national system of innovation.

interaction might change the result of the game of

We will claim in this paper that in 20th century Ger-

knowledge exchange considerably. For the single-shot many political and entrepreneurial decision-makers
version of the game backwards induction leads to has been comparatively successful in promoting
the unique Nash equilibrium in strategies “Do not inter-industry knowledge transfer (seleane and
transfer” and “Cheat”. It is obvious that being in Bachmann, 1996 We will discuss this hypothesis in
the decision-making process of the second stage thedepth for the example of the German plastics industry
self-interested and profit maximising downstream firm which includes machine makers specialised in plas-
will inevitably choose not to share its economic gains tics fabricating machines, chemical firms producing
resulting from the preceding knowledge transfer. The plastic materials, and plastic fabricators. The selection
anticipation of such a behaviour will effectively dis- of that example is especially justified by the fact that
courage the upstream firm to transfer its knowledge the exceptional international competitiveness of this
in the first stage. To put the matter in a nutshell, the national cluster, for example shown irable 1 has
knowledge transfer fails because of the fact that the been particularly caused by the stream of innovations
promise of the downstream firm in the first stage to primarily developed by the large chemical firms and
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Table 1
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Shares in world exports of some selected West German industries 1971 arid 1980

West German industries SITCPH Shares in world exports (%)
1971 1980

National economy 11.3 9.6
Chemical industry 5 18.7 16.7
Producers of polymerised plastic materials 583 25.6 21.7
Machine and vehicle industry 7 17.8 16.8
Producers of rubber and plastics fabricating machines 72842 ¢37.7 35.1
Plastics fabricators 893 19.9 215

aSeeUnited Nations (2002)
b Standard International Trade Classification, Second Revision.

¢ This number refers to the year 1978 in which the share in world exports of this subindustry was published for the first time.

then transferred to the small and medium-sized ma-

German cartel decree of 1923 still expressed the same

chine makers and plastics fabricators. For that reasonview.* According to this law written cartel agreements

we will try to identify the special institutions promot-
ing this inter-industry information flow. Following
Williamson's seminal distinction (se&Villiamson,
1975, we will be able to tell apart hierarchical and
market solutions for the problem of knowledge ex-
change.

2. The hierarchical solution: vertical integration
in thel.G. farben era

In the first half of the 20th century, cartellization
and vertical integration were first tolerated and then
even supported by the German political and juridi-
cal authoritieg An early milestone of this develop-

were generally allowed. Though both executive and
juridical authorities had the right to ban cartels misus-
ing their power they hardly ever did. Consequently, it
is not very surprising that this cartel decree officially
pronouncing the legitimacy of such an alliance accel-
erated the diffusion of cartel agreements in Germany
which doubled their number between 1923 and 1926
from 1500 to about 3000 (sdé&remer, 1985p. 120).
The final act of the German cartellization was opened
up in 1933 when the National Socialists entitled them-
selves to force private firms to enter into careBo,

in the early 1940s Gurland could conclude: “The eco-
nomic situation is characterised by a very high degree
of concentration. In no other country had cartels, the
“horizontal” organisation of industry, achieved such

ment was a decision of the German Supreme Court progress as in Germany. In no other country was there
(Reichsgericht) in 1897 which confirmed that cartel such an intimate intertwining of production units both
agreements could in general be enforced under civil within the individual industries and across the bound-
law. This judgement truly reflected the contemporary aries of the individual trades. In no other country had
public opinion that cartels were a legitimate means the centralised organisation of both capital and com-
to avoid the unwanted results of ruinous competition. modity flow reached a similar level of completeness
Kleinwaechter (1883Yor example, believed “that car- ~ and tightnessGurland, 1941p. 230)." Table 2sums
tels aiming to organise chaos and to bring into line pro- up the increasing cartellization of the German econ-
duction with demand could be called to play the same omy between 1907 and 1935/1937.

role in the present time and the near future as the guilds It is sometimes argued that before the First World
did in the middle ages® Taken by and large the first War the enforcement of the Sherman Antitrust Act

2 seeFeldenkirchen (1988)See also the relevant contributions
in Pohl (1985)

3 Kleinwaechter (1883p. VI). In this workKleinwaechter (1883
p. 143) also developed the influential idea that cartels are mostly
“children of necessity” (Transl. Streb J.).

4 See “Verordnung gegen Missbrauch wirtschaftlicher Marktstel-

lungen (Kartellverordnung) vom 2. November (1923) pp. 1067f.”
Reichsgesetzblatt | (1923) 1067 f.
5 See “Gesetz ueber Errichtung von Zwangskartellen vom 15.

Juli 1933.” Reichsgesetzblatt (1933) pp. 488 f.
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Table 2
The cartellization of the German economy 1907-1935/3937

1129

West German industries

Share of cartellised firms’ output in industry’s total production (%)

1907 1925/1928 1935/1937

Mining 74 83 95
Iron and steel production 49 92 100
Non-ferrous metal production 10 31 80
Iron and steel processing 20 30 75
Non-ferrous metal processing 0 15 20
Mechanical engineering 2 15 25
Vehicle industry 7 11 15
Electrical industry 9 14 20
Precision engineering and optics 5 12 15
Chemical industry 70 75
Glass industry 36 66 100
Cement industry 48 90 100
Paper industry 89 70 85
Leather industry 5 5 10
Textile industry 10 15
Musical instruments and toys 9 18 15

aSeeFeldenkirchen (1985p. 155.

which preferred amalgamations to cartels brought
US-American firms to concentrate on merging in-
stead of primarily cartellising like their British
counterpart§. However, this conclusion does not ex-
plain the puzzling fact that the British firms facing

a more reliable connection by integrating seemed to
suggest itself.

For the ongoing argumentation of this paper
Germany’s outstanding cartel tradition has two im-
portant implications. First, as both cartels and merg-

a broader scope of action also restricted themselvesers were often not limited to firms of the same

mainly to one of these two options. It is the Ger-
man example which shows that firms having the
choice between the two organisational alternatives
cartellising and integration can actually choose both.
Apart from Germany’s many cartels in the interwar
period there also existed large mergers like the Vere-
inigte Stahlwerke AG in the iron and steel industry,
the Schuckertwerke AG in the electrical industry or
I.G. Farbenindustrie AG in the chemical industry
(seeChandler, 1990Part 1V). What is morekocka
and Siegrist (1979p. 82) hold the view that such
mergers often arose from preceding cartels. This
empirical development could be explained by the fol-
lowing reasoning. Above all participating in a cartel

industry they noticeably increased inter-industry
knowledge exchange in the German economy in the
first half of the 20th century. Second, the long-term
co-operation within cartels and mergers created sta-
ble inter-industry networks which were frequently
even strong enough to survive the antitrust legislation
after the Second World War. In the following, we
will discuss these two conclusions for the case of the
plastics branch of I.G. Farbenindustrie AG founded in
1925. Since this large chemical trust was step-by-step
arising from smaller and looser associations it is first
of all a prime example for Kocka’'s and Siegrist's
observation that in the first half of the 20th century
it was nothing unusual that German firms’ alliances

taught managers the advantages of exercising marketwere progressing from cartels to mergers. Finally,

power. However, they also had to learn that cartels
were frequently destabilised by members trying to
maximise their short-term profits by opportunisti-

I.G. Farben comprised the chemical firms Bayerw-
erke Leverkusen, BASF Ludwigshafen and AGFA
Berlin, this is the former “Dreibund” of 1904, Farben-

cally breaking the agreements. So the idea to form werke Hoechst Frankfurt/Main, Cassela Farbwerke

6 See, for exampletlannah (1974p. 14).

Mainkur Frankfurt/Main and Kalle & Co. AG Wies-
baden Biebrich, that is the previous “Dreiverband”
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of 1904, as well as Chemische Fabriken Uerdingen
and Chemische Fabrik Griesheim (s&kes, 1988
pp. 11-13).

Exploring the technological field of synthetic
rubber these horizontally integrated firms also dis-
covered ways to produce the new plastic materials
polystyrene and polyvinylchloride on an industrial
scale (seePlumpe, 1990 pp. 325-339). However,
while synthetic rubber was demanded by the Na-
tional Socialist Government preparing the Second
World War (seeStreb, 2002a,p economic uses for
these new plastic materials and even fabricating ma-
chines did seldom exist. That is why in 1938 the top
managers of 1.G. Farben decided not to wait until
downstream firms would close this gap of knowledge
but to set up the so-called plastic material depart-
ment KURO (“Kunststoffrohstoffabteilung”) at BASF
Ludwigshafen assigned to develop the desired down-
stream innovations of its own accofdJntil the end
of the Second World War this task was considerably
facilitated by the fact that I.G. Farben was not only
a horizontal amalgamation but vertically integrated
too® In particular, 1.G. Farben included machine
makers like Eckert & Ziegler in Cologne as well as
plastics fabricators like Deutsche Celluloidfabrik in
Eilenburg, Rheinische Gummi- und Celluloidfabrik
and Schildkroete both in Mannheim, Rheinisches
SpritzguBwerk in Cologne and last but not least Dy-
namit Nobel in Troisdorf which especially stood out
due to its high innovativeness (sd@er Meer, 1953
p. 97). Obviously, most of these firms were located
in the immediate geographical neighbourhood of the
innovative focal points BASF in Ludwigshafen which
is next to Mannheim and Bayerwerke in Leverkusen
which is sited near Cologne and Troisdorf. Both
vertical integration and localisation created optimal
conditions for exchanging innovative knowledge (see
Arrow, 1975; Maskell and Malmberg, 19R9The
plastic material department KURO was able to de-
velop plastics fabricating machines in co-operation
with machine makers and what is more to cause
plastics fabricators to test both new plastics fabri-
cating machines and new plastic materials. Within

7 See Kuckertz, Heinrich. “Geschichte der AWETA.” BASF-
Archive Q 001.

8 SeeOffice of Military Government for Germany (1986%ee
also Reichelt (1956)
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I.G. Farben there was no danger that the supplier of
some technological information was cheated by the
recipient out of its economic return.

The following example is meant to elucidate the ad-
vantages of inter-industry knowledge exchange in the
I.G. Farben era. In the early 1940s, Dynamit Nobel
reported to the plastic material department of BASF
that its workers had difficulties to fabricate the latest
makes of polystyrene using the conventional injection
moulding machines innovated by Eckert & Ziegler in
1926. Hereupon the KURO staff strove to solve this
technological problem. Finally, it was actually KURO
member H. Beck who succeed in doing this by invent-
ing the screw in-line injection moulding machine in
1943. This fabricating machine heats plastic materials
more regularly and more precisely than its predeces-
sors thereby allowing the production of bigger plastic
goods like the covering of refrigeratotsAfter the
Second World War this invention helped not only
the West German machine makers but also the West
German plastics fabricators to get competitive advan-
tages in world markets since they had been informed
about its usefulness by KURO early and in great
detail.

This example shows that vertical integration may in-
deed improve the flow of information between chem-
ical firms and plastics fabricators and what is more
might induce a more efficient R&D investment level
in both industries (se&rossman and Hart, 1986
However, after the breaking up of I.G. Farben by the
Allies the hierarchical solution for the problem of
inter-industry knowledge exchange was not feasible
any longer. Because of that German chemical firms
were forced to create new institutions for transferring
information between now independent firms. In the
following we will concentrate on the development in
Western Germany in the 1950s and 1960s.

3. The market solution: bundling standard good
and information in the post-war period

As the post-war period was not only characterised
by a strict antitrust legislation but also by the turn-
ing away from autarky the West German plastics

9 See Gaeth, Rudolf. “Entwicklungsgeschichte AWETA Il im
Jahre 1960” BASF-Archive Q 001 (002).
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producers had to face two main problems not existing is what the West German plastics producers did when
in the preceding I.G. Farben era. First, there was the offering the plastics fabricators standard plastic ma-
unattractive possibility that the newly independent terials combined with information about innovative
plastics fabricators would decide to choose activities plastics applications.

running counter to the plastics producers’ objectives. The creation of this kind of knowledge mainly
In particular, the latter were now able to refuse techno- took place in special plastic material departments of
logical co-operation with the upstream firms. Second, the German chemical firms for which the KURO of
there was the danger that foreign plastics producers BASF already mentioned above was the encouraging
trying to gain shares in the reopened West German archetype. Since the imitation of this organisational
market would succeed in displacing traditional local novelty of the German chemical industry also needed
suppliers. Generally, in oligopolistic price competition time, the foreign competitors were not able to sup-
a firm with comparatively high production costs will  ply similar knowledge in the short run. Therefore,
be pushed out of the market by more efficient suppli- the West German plastics producers had a temporary
ers who will set their prices just below the inefficient monopoly for this customer service gradually fading
firm’s marginal costs (se@irole, 198§. In the 1950s, away in the 1960s when foreign firms themselves
the West German plastics producers were especially started building up similar departments. A speech of
threatened by this possibility since they deployed an David H. Dawson of the US-American chemical firm
inferior technology producing plastic materials from Du Pont from May 2nd 1961 excellently illustrates
coal instead of oil like their US-American competitors the reasons for this catching-up process: “Nowa-
(see Stokes, 1994 After making up for this short-  days, with more complex products and heightened
coming by imitating the superior technology of the product competition, the need for technical aid has
American firms the West German plastics producers grown greatly. The customer will give his business
had to realise that in the meanwhile Italian and Dutch to the producer who helps him solve his problems
firms began to profit from large domestic deposits and enhance his earnings. That this is proceeding
of natural gas serving as a comparatively cheap raw to great length is evident from the magnitude and

material for plastic materials (setalion, 1997. It rapid growth of our new Chestnut Run end-use and
was not possible to remove this kind of locational technical service establishment near Wilmington.
disadvantage. Much of the work in these laboratories is directed

However, we take the view that in the post-war pe- toward the cultivation of markets once or twice re-
riod the West German plastics producers were capa- moved from our own.... In plastics, especially the
ble to avoid price competition with cheaper foreign newer types, it is often necessary to work out design
suppliers through product differentiation. In general, of a plastic component for use in an automobile or
product differentiation means that each firm produces a washing machine and only then go to work with
an otherwise homogenous good in a special quality our immediate customer, the supplier of molded or
which noticeably differs from the qualities offered by extruded parts, on methods of producing the parts
its competitors. If consumers have unequal incomes (cited afterBackman, 1965p. 44).” In the long run
and preferences this strategy will enable each supplierthe particular institutions of a national system of
to occupy his own market niche thereby gaining the knowledge exchange can be imitated by other nations
ability to alter profitably prices away from marginal too.
costs (seeShaked and Sutton, 1982Generally, the However, because of the comparatively high trans-
characteristics defining the quality level of a special action costs of an isolated market exchange of knowl-
product are inextricably linked with that product. On edge itis very difficult to use an information monopoly
the other hand, it is possible to imagine that a firm for rent extracting. We have already mentioned that
does increase the quality of its standard product by plastics fabricators are likely to refuse the economic
bundling'® it with an independent second good. This return after receiving the innovative knowledge since

third persons are hardly able to judge whether in-
10 For a general discussion of the “bundling” strategy, Adams formation transfer have been correctly carried out or
and Yellen (1976) not. Bundling information and plastic material makes
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this kind of cheating not impossible but more diffi- the 1930s-2 However, the question remains if loyalty
cult as the delivery of tangible goods can be observed and goodwill of receivers of knowledge will continue
more easily than the transfer of immaterial know-how. to exist when changing economic conditions increase
What is more if customers prefer this combination the incentives for dishonest behaviour. We will discuss
to the sole plastic material, product differentiation by this point inSection 3.2
bundling allows the supplier to put through a higher  The knowledge transfer between independent firms
price than its competitors. Hence, by bundling stan- could be effectively carried out either by deploying
dard good and information the West German plastics contractual license agreements or by just using the rep-
producers killed two birds with one stone avoiding utation effects of repeated interactions. First, we will
problems arising from the locational disadvantages of discuss the case of license agreements by analysing
the domestic production and from the high transaction post-war marketing strategies of Bayer.
costs of exchanging information.

We do not hesitate to conclude that all this was 3.1. Licensing: a contractual type of bundling
considerably facilitated by the German cartel tradi- standard good and information
tion. Chemical firms recalling successful technologi-

cal co-operation within I.G. Farben were more likely In the early 1950s, the chemical firm Bayer be-
to dare to communicate technological knowledge to ing one of the three main successors of I.G. Farben
current independent plastics fabricators than competi- succeeded in developing the new plastic material
tors without this experience. Positive past experiences polyurethane whose type Vulkollan was supposed
seemed to create trust in the future willingness of plas- to serve primarily as a basis for fabricating foam
tics fabricators to co-operate. materials like insulating layers or upholstery. How-
Whoever refers to the concept of trust has to face ever, unlike other plastic materials Vulkollan cannot
the problem that in social sciences there is nothing like be produced by the chemical firm itself but has to
a general agreement about the underlying sources ofpe compounded by plastics fabricators. That is why
trust (see.yons and Mehta, 1997Economists, onthe  Bayer intending to deliver the chemical components
one hand, like to think that the decision to trust some- of Vulkollan was forced to reveal the innovative
body is only based on a rational evaluation of the eco- technological process to the downstream plastics
nomic conditions of the actual market situation (see fabricators. To prevent that after being completely
James, 2002; Sobel, 200Z'his means in the context informed the plastics fabricators would “cheat” by
of the game of knowledge exchange that a supplier of puying the necessary inputs from cheaper suppliers
information will only trust his customer, who is sup-  this knowledge exchange was carried out by using a
posed to be self-interested, when he knows that the formal license agreement. The heart of this written
economic incentives are such that for the latter it pays contract was a discriminating royalty tariff eventually
more to co-operate than to cheat. In the following, we giving Bayer the opportunity to realise higher prices
will use this argument to explain the functioning of re-  than its competitor$® For this the actual amount
peated knowledge transfer. Sociologists, on the other of the royalty did depend on the origin of the used
hand, assume that trust between social actors evolvesnputs. When the used components would be bought
out of common beliefs and shared experiences andfrom Bayer there was no royalty payment at all, but
what is more can be fostered by suitable social institu- when they were purchased from other chemical firms
tions like a highly specified contractlaw or strong trade the licensee had to pay a fee based on the actual
associations? In the post-war period, trust resulting
from shared experiences obviously played some role. 12 gericht ueber Besuch bei Bayer AG Leverkusen am 6 Februar
It was already in the year 1974, for example, when the 1974 von Dr. Hans Erich Freudenberg, 8 February 1974, Freuden-
chemical firm Bayer, trying to revitalise the knowledge berg-Archive 2/02561. Freudenberg itself was not a formal member
exchange with the plastics fabricator Freudenberg, still of I.G. Farben but intensively exchanged information with both

referred to th tisfving technological co- ration in the nearby BASF in Ludwigshafen and the contemporary centre of
elerred to the sa Sfy g technological co-operatio synthetic rubber research Bayer in Leverkusen. Seeb (2001)

- 13 see the model of the German Vulkollan license agreement of
11 seeArrighetti et al. (1997) Lane and Bachmann, 1996 the year 1954, Bayer-Archive, Kautschuk-Vulkollan Allg., 151/3.
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prices of Bayer. A manager of British Dunlop sum- March 1954
marised this kind of agreement: “Bayer will grant 10%
non-exclusive licenses to Dunlop under its Vulkollan
patents and will give full existing technical knowl-
edge and also knowledge obtained during the term
of the agreement without payment or royalty, provid-
ing Dunlop purchases the raw materials from Bayer.
It was explained that Dunlop may not be in a posi-
tion to import some or all of these materials. In this
case, Bayer would ask for a 10% royalty of the raw
material purchased elsewhere, based on the Bayer
prices.™* Consequently, Bayer was able to appro-
priate the economic return for innovating Vulkollan
either by selling its own products at comparatively
high prices or by getting an extraordinary royalty.
Bundling standard good and information in this way
seems to solve the problem of knowledge exchange
neatly.

To make sure that downstream plastics fabricators
will actually accept such a license agreement the rig 2 Bayers vulkollan license agreements with plastics fabri-
chemical firm has to restrict the number of licensees cators in West Germany, Europe and overseas, initiated or con-
to an amount which is small enough to allow every cluded, March 1954 and March 1955. See “Vulkollan-Vertraege
recipient of the innovative information to improve its Deutschland, 18. Maerz 1954”, “Vulkollan-Vertraege Ausland,

economic situation at the expense of the uninformed 18. Maerz 1954”, “Vulkollan-Vertraege Inland, 18. Maerz 1955”
P * and “Vulkollan-Vertraege Inland, 18. Maerz 1955”, Bayer-Archive

Following Manskell and Malmberg (1999), it may  «autschuk-Vulkollan Allg.” For data see Vulkollan-Vertraege 151/3.
be supposed that in this case the chemical firm will

concentrate on firms which are located in its geo-

graphical neighbourhood or what is more which are That would help to explain why the development
already part of its traditional user—producer network. ©f highly innovative clusters like the West German
Fig. 2 might confirm this view. plastics industry is often restricted to a special region

Fig. 2 shows that in the early 1950s West German ©OF nation. ThougtFig. 2 has not to be explained by

plastics fabricators were involved in more than half of distance alone. It was also the comparatively low
all Vulkollan license agreements either just initiated Prices of plastic materials in the United States of
or already concluded. European firms outside West America that made the managers of Bayer believe
Germany made up another third. Hence, the direct that there was no chance to gain American plastics
knowledge transfer to distant plastics fabricators from fabricators as customers for polyurethane components
overseas was rather small. This empirical observation from Germany: “In America too there is only sense
may encourage us to assume that the greater the gein Producing Vulkollan where great quantities are
ographical or cultural distance between a knowledge concerned. Because of that exporting the respective
producing and a knowledge needing firm the lesser the faw materials which are in addition more expen-

chance that they will actually exchange informatién. ~ Sive than in the United States is out of questiof.”
That is why Bayer dealing with American Vulkollan

14 See the letter from E.A. Murphy (?) to Dr. Konrad of the ~Producers did not try to establish the discriminating

synthetic rubber and plastic material department of Bayer, 25 April royalty tariff known from West Germany and Europe
1953, Bayer-Archive, Kautschuk-Vulkollan Allg., 151/3.

15 This hypothesis seems particularly true for the exchange of tacit

knowledge which requires an eyeball-to-eyeball contact between 16 Letter from O. Bayer to Dr. Konrad et al., 30 August 1951.
the one who knows and the one who wants to learn. B#anyi Bayer-Archive, Erich Konrad—Lizenzvertraege fuer Vulkollan in
(1966) den USA 1951-1954, 314/19 (transl. Streb J.).

EWest Germany
W Europe

OOverseas

March 1955
12%

54%
34%
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but just tried to sell its technological know-how for
cash’

Bundling standard good and information by em-
ploying a discriminating royalty tariff was not an un-
usual exception limited to the case of Vulkollan. It was
again Bayer, for example, trying to sell technologi-
cal information about an innovative polyethylene foam
who still used this contractual solution of the prob-
lem of knowledge exchange in the 19784n general,

J. Streb/Research Policy 32 (2003) 1125-1140

Backwards induction has shown that the single-shot
version of the game of knowledge exchange has
an unigue Nash equilibrium in strategies “Do not
transfer” and “Cheat”. Fortunately, in reality inter-
industry knowledge exchange is rather a repeated
game than a single-shot garteSince the building up
of particular R&D capacities needs investment in real
and human capital which means sunk costs at least
in parts the upstream firm surely wants to use this

license agreements seem to be an adequate methodapacities for producing not only one but a permanent
to bundle standard good and information whenever stream of product innovations being useful for down-
the new knowledge in question can be patented. Oth- stream firms. If the upstream firm succeeds in doing
erwise, the knowledge producing firm might use a this it can punish a downstream firm playing “Cheat”
non-contractual type of bundling standard good and once by excluding it from further information trans-

information. We will show this by returning to the ac-
tivities of the plastic material department KURO of
BASF.

3.2. Repeated knowledge transfer: a non-contractual
type of bundling standard good and information

To explain under which circumstances a re-
peated knowledge transfer between an upstream
firm and a downstream firm can be interpreted as a
non-contractual type of bundling standard good and
information it is helpful to reconsider the game of
knowledge exchange depicted Fig. 1 For this we
have first of all to specify the downstream firm’s strat-
egy “Reward”. We now assume that “Reward” means
that the downstream firm purchases its inputs from
the upstream firm at a price which not only covers
the costs of producing the standard good but also en-
ables the upstream firm to appropriate the economic
return for creating and transferring innovative knowl-
edge. Therefore, this price is usually higher than the
one demanded by other suppliers competing by of-
fering just the plain standard good. Consequently,
getting “Reward” in the repeated game of knowl-

fer. In this case, the latter will fall behind informed
competitors.

It can actually be shown that under certain condi-
tions it is possible for the upstream firm to implement
combination “Transfer” and “Reward” as an equilib-
rium of the repeated game which is Pareto superior
to the single-shot Nash equilibrium “Do not transfer”
and “Cheat” by following a simple trigger stratedy:

1. In period 0 the upstream firm always plays strategy

“Transfer”.

In periodt the upstream firm will play strategy

“Transfer” if and only if the downstream firm

played strategy “Reward” in all past periods 0,

eyt — 1.

3. If the downstream firm will choose strategy
“Cheat” in any period the upstream firm will play
strategy “Do not transfer” in every future period
starting from period + 1. In this way, the upstream
firm punishes the non-co-operative downstream
firm through returning to the single-shot Nash
equilibrium.

2.

As a result, this trigger strategy implements combi-
nation “Transfer” and “Reward” as a subgame perfect

edge exchange would lead to similar benefits for the Nash equilibrium of the repeated game of knowledge
upstream firm than pushing through the discriminat- €xchange whenever the increase in the downstream
ing royalty tariff in the license agreements discussed firm's profits resulting from the knowledge trans-
above. fer is higher than its additional costs when buying
its inputs from the upstream firm which demands
17 See, for example, the Vulkollan contract with B.F. Goodrich,
Bayer-Archive “Erich Konrad—Lizenzvertraege fuer Vulkollan in
den USA 1951-1954,” 314/19. 19 For a survey of repeated game theory see, for exarfgarce
18 See “Lizenzvertrag zwischen Bayer AG und Carl Freuden- (1992)
berg ueber Herstellung von vernetztem Polyaethylen-Schaumstoff, 2° For the general approach sEdedman (1971)See alsdStreb
16/23 July 1973.” Freudenberg-Archive 3/04802. (1999)
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comparatively high prices. We will show that this con-

dition held for the inter-industry knowledge exchange
in the West German plastics industry in the post-war
period.

After the Second World War, the Allied Control
Council forbade the production of synthetic rubber
(seeKollek, 1957). Trying to save their real and human
capital accumulated in the field of synthetic rubber
German chemical firms looked for “peaceful” ways to
use it?! Because of the close technological relation-
ship of synthetic rubber and plastic materials the obvi-
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long-term customers were tested no matter if the used
plastic materials were bought from BASF or from
other supplieré® KURO also used the marketing
strategy “customer training®® In special courses, em-
ployees of plastics fabricators were taught to handle
the latest techniques of processing plastic materials.
Obviously this was advantageous for the plastics fab-
ricators. The chemical firm BASF on its part hoped
to win the loyalty of future customers. What is more
KURO only informed the trainees about BASF’s own
makes thereby creating customers’ preferences for

ous thing to do was to search for these alternatives in these products. Furthermore KURO trained plastics
the latter field. That is why the chemical firms started engineers in a 2-year program who were supposed to
supporting the building up of the West German plas- be exclusively employed by important customers of

tics fabricating industry? BASF (seeBASF, 1989 p. 52).

Let us focus on the activities of KURO of BASF. Members of the KURO staff pointed out that “cus-
In the immediate post-war years, KURO members tomer consulting” and “customer training” had con-
re-established their contacts with already existing or siderably increased the loyalty of plastics fabricators
potential plastics fabricators known from the I.G. to BASF in the post-war period. They concluded that
Farben era. KURO granted those plastics fabricators for this reason domestic and foreign competitors had

initial aid by supplying plastic materials and techno-
logical advises for free. In the 1960s, KURO refined
this kind of “customer consulting”. Exploring down-
stream markets for plastic goods KURO started de-
veloping so-called “finished solutions”, i.e. complete
strategies for plastics fabricators including informa-
tion about how to produce an innovative plastic good
and where to sell it. In a first step, for instance, KURO
developed a plastic good for the furniture industry.
When a furniture fabricator was made interested in
this invention, KURO introduced him to a plastics
fabricator who was able to carry out production and
bought its plastic materials from BASE.In addition
KURO offered to optimise its customers’ expensive
moulds for free?* Eventually, new plastic goods of

21 See BASF-Archive F9/15, Long-term [Production] Plan, 15
June 1949.
22 |n the late 1940s, for instance, KURO of BASF encouraged

some small plastics fabricators to erect machines for process-

ing the quite unknown plastic material polyethylene. See Schmitt,
Bernhard. “Die Geschichte der KURO bis zum Jahre 1958."
BASF-Archive Q 001 (002). Then polyethylene became especially
useful for the packaging industry.

23 See BASF-Archive Q 002/4 1967-1971, Taetigkeitsbericht der
AWETA K fuer das Arbeitsjahr 1971, Fachreferat Markterschlies-
sung Maschinenbau, p. 91.

24 See BASF-Archive Q 002/2 1962-1964. Taetigkeitsbericht
1964, AWETA Il, Gruppe 4 Fachreferat Verarbeitungstechnik,
p. 114.

not succeed in entering the market of BASF despite
lower prices (se&ollek and Stange, 198%. 284).

In the 1960s, for example, BASF was able to sell the
plastic material styrene acrylonitrile at a price being
5% higher than the world market priééHowever, the
analysis of the repeated game of knowledge exchange
suggests that chemical firms with comparatively high
prices can only maintain their customers’ loyalty by
permanently transferring knowledge which actually
raises the profits of plastics fabricators. So, the mar-
keting strategies “customer consulting” and “customer
training” will generate loyalty if and only if they
communicate economically usable information which
plastics fabricators cannot get as cheap in any other
way. Actually, KURO developed several very success-
ful product innovations in the post-war period. Exam-
ples especially came from the field of constructing.

25 See BASF-Archive Q 002/2 1962-1964, Forschungs- und
Entwicklungsarbeiten 1. Halbjahr 1964, AWETA II, pp. 46-48.
KURO also checked new plastics fabricating machines for the ma-
chine makers. See BASF-Archive Q 002/3 1965-1966, Taetigkeits-
bericht 1965 AWETA I, 5. Fachreferat Schaumpolystyrole, p. 44.
26 See BASF-Archive Q 002/4 1967-1971, Taetigkeitsbericht der
AWETA K fuer das Arbeitsjahr 1970, Technischer Kundendienst
Spritzgul? und Hohlkoerperblasen, p. 71.

27 See BASF-Archive T 06, Informationsbriefe des Verkaufs Nr.
14. See also BASF-Archive F 9/159, Verkauf an Zentralbuero 6.
Mai 1958, Preistellung fuer Monostyrol und Polystyrol.
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In the post-war period, the German construction in-
dustry had the world-wide highest consumption of
plastic goods in this sector for example leading in
using plastic pipes for water supply (séeeeman,

1963 p. 47). KURO went in front of this develop-

ment. Foamed polystyrene (“Styropor”), for instance,
invented by KURO members Stastny and Gaeth in

J. Streb/Research Policy 32 (2003) 1125-1140

seen most of the R&D in the West German plastics
industry in the post-war period was done by the big
chemical firms and not by the small or medium-sized
plastics fabricators. Hence, there are reasons to be-
lieve that the development of total factor productiv-
ity of German plastics fabricators was to a great part
determined by R&D of upstream chemical firms. Un-

the early 1950s, was used as an insulating material der this assumption, total factor productivity of the

in the construction industry (sedoelscher, 1972
p. 49).

In the 1970s, KURO had to notice that plastics fab-
ricators more and more often chose to switch to the
strategy “Cheat” in the repeated game of knowledge
exchange. Plastics fabricators kept trying to receive
new technological information from KURO but re-
fused the economic service in return buying plastic
materials from suppliers with lower pricé% BASF

plastics fabricating industry can be used to answer
the question at least roughly whether or not techno-
logical co-operation in this inter-industry network re-
sulted in sufficient increases in revenues of plastics
fabricators3!

Fig. 3 shows the annual differences between the
growth rates of total factor productivity in the West
German plastics fabricating industry and in the West
German manufacturing industry from 1951 to 1980.

reacted against this behaviour as assumed for theWe want to stress two results:

trigger strategy: non-co-operative plastics fabricators
were punished by being excluded from any further
technological transfer. KURO also started using a con-
tractual type of bundling standard good and informa-
tion by selling new technological information instead
of giving them away for free like befor€. Establish-
ing the plastics fabricator Delta Plastics BASF finally
recalled vertical integration as an alternative to deal-
ing with independent firm&? Why did this change
happen?

We know from analysing the repeated game model
that plastics fabricators will be more likely to play
“Cheat” if the profits caused by knowledge transfer de-
crease. That is why we have to look for empirical facts
indicating a declining economic value of the commu-
nicated product innovations. Therefore, we will now
turn our attention in a more macroeconomic approach
to long-term growth of total factor productivity in the
plastics fabricating industry as a whole. As we have

28 After successfully developing a polyethylene bottle for milk
in technological co-operation with KURO, the plastics fabricator,
for instance, changed to cheaper suppliers of this plastic mate-
rial. See BASF-Archive Q 002/4 1967-1971, Taetigkeitsbericht
der AWETA 1l fuer das Arbeitsjahr 1969, Fachreferat Markten-
twicklung Verpackung, p. 90.

29 See BASF-Archive Q 002/5 1972, Taetigkeitsbericht der
AWETA KT 1974, Fachreferat Maschinenbau und Elektrotechnik,
p. 60.

30 See BASF (1989 pp. 93-96); Kollek, Stange (1985,
pp. 297-300).

1. Except for the years 1963, 1975 and 1979 the an-
nual growth rates of total factor productivity of the
plastics fabricators were always higher than those
of the manufacturing industry. This might indicate
an above-average technological progress in plastics
fabricating industry.

. However, annual growth rates converged in time.
In the first decade, the average annual growth rate
of total factor productivity of plastics fabricators
amounted to over 350% of the one of manufactur-
ing industry. In the following, this number was de-
clining to 230% in the second decade and to mere
160% in the last decade.

What is more the average annual growth rate of total
factor productivity of the plastics fabricators was also
decreasing in its absolute value from 5% (1951-1960)
via 2.1% (1961-1970) to 1.3% (1971-1980). West
German plastics fabricators were not able to repeat the
ample increases in productivity of the first two decades
in the 1970s.

It seems highly likely that these results mean that
the stream of product innovations communicated
from the chemical firms to the plastics fabricators
became much thinner in the 1970s. This result may
not be surprising since many important markets for

31 We have calculated total factor productivity on basis of a
Cobb-Douglas production function which is homogeneous of de-
gree 1 in the inputs labor and capital.
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Fig. 3. The difference between the growth rates of total factor productivity of the West German plastics fabricators and the West German
manufacturing industry, 1951-1980 (in percentage points). For datéreagel et al. (1973)Krengel et al. (1975andGoerzig et al. (1986)

plastic good¥’ had been already fully developed 30 tank for the car industry. Daimler-Benz, Porsche and
years after the discovery of standard plastic materials. Volkswagen received the information about this inno-
There is also the fact that consumers started rejectingvation for free. However, KURO and BMW agreed
plastic goods in new uses and what is more preferring in 1974 that the latter would carry some part of
“natural” goods in apparent established markets of the costs of developing the plastic gas tank for its
plastic goods due to both an increase in per capita cars®*
income and an awakening consciousness for environ- The failure of the repeated knowledge exchange in
mental problems in the 19783.All that does not the German plastics industry in the 1970s indicates
imply that West German chemical firms completely that trust based on shared experiences might not be
stopped bundling standard good and information by sufficientto preserve inter-industry co-operation under
repeated knowledge transfer. But they turned their unfavourable economic conditions. Hence, our find-
attention to more advanced plastic materials and ings seem to support the view that in economic rela-
to new customers. This again illustrates KURO of tionships socially-oriented trust is less important than
BASF which successfully developed a plastic gas the kind of trust which is based on rational calculation
of self-interested actor®.
32 There are, for example, the markets for packaging and con-
tainers, building materials, electronic equipment, household goods
and toys. 34 See BASF-Archive Q 002/5, 1972, Taetigkeitsbericht der
33 In the early 1970s, for example, KURO had to deal with AWETA KT, 1974, Marktentwicklung Maschinenbau und Elek-
customers who suddenly rejected polyvinylchloride because of trotechnik, p. 63. See also BASF-Archive Q 002/4, 1967-1971.
news about its possible toxicity. See BASF-Archive Q 002/5, 1972, Taetigkeitsbericht der AWETA Il fuer das Arbeitsjahr 1967, Tech-
Taetigkeitsbericht der AWETA KT, Fachreferat Polyvinylchloride,  nikum fuer Kunststoffverarbeitung, p. 73.
p. 27. 35 SeeLyons and Mehta (1997. 256).
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4. |Isthere something like a German system of the fact that because of the plastics industry’s role as
knowledge exchange? a general technology source for the entire economic
system of Germany its knowledge exchanging net-

We have claimed in this paper that it was in partic- work has expanded into a broad range of industries

ular the above-average propensity to share innovative like textiles, machinery or motor vehiclé€ So, it may

information with customers and competitors which be not too surprising that Harabi analysing data of

caused the exceptional international competitivenessthe “Mannheim Innovation Panel” collected in 1994

of the West German plastics industry including chem- comes to the conclusion that “the phenomenon of ver-

ical firms, plastics fabricators and machine makers. tical relations between innovating, specially R&D per-

The system of knowledge exchange of this national forming, firms and customers is therefore widespread

cluster was shaped in two main steps. In the first half in German industry (sedarabi, 1997 p. 12).” What

of the 20th century, cartellization and mergers were is more “this phenomenon seems to be more important

first tolerated and then even supported by the Ger- in Germany than in France or Switzerlad®where

man governments. It was in this period when Ger- similar empirical investigations have been carried out.

man chemical firms formed the vertically integrated For getting deeper results further research work com-

I.G. Farben concern which provided an optimal organ- paring both different industries and different countries

isational framework to explore the new technological is needed which is hopefully stimulated by this paper.

path of plastics. Chemical firms were able to develop

plastics fabricating machines together with machine

makers and what is more to cause dependent plasticsAcknowledgements
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