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Abstract

In our days, German machine tool makers accuse@mnese competitors of violating
patent rights and illegally imitating German teclogy. A century ago, however, German
machine tool makers used exactly the same metlddstate American technology. To
understand the dynamics of this catching-up proagssse patent statistics to analyze firms’
activities between 1877 and 1932. We show that @emachine tool makers successfully
deployed imitating and counterfeiting activitiesthe late 19 century and the 1920s to catch-
up to their American competitors. The German adsiriation supported this strategy by
stipulating a patent law that discriminated agaiostign patent holders and by delaying the
granting of patents to foreign applicants. Paratiehe growing international competitiveness
of German firms, however, the willingness to gusanntellectual property rights of
foreigners was also increasing because German fiadsow to fear retaliatory measures in

their own export markets when violating foreigngeay rights within Germany.
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1 I ntroduction

In March 2008, the Association of German Machindd&us (Verband Deutscher
Maschinen- und Anlagenbayeromplained of the notorious Chinese product girddore
than half of the German machine builders discoltegal replicas at exhibitions. Three
quarters of these replicas come from China. Unfeately, China’s entry into the WTO in
2001 has not improved the legal protection of Iet#lial property rights of foreign firnts.
The resulting loss of German mechanical engineasrabout seven billions Euros per year
(or about 4 percent of total sale§)The Association of German Machine Builders did not
mention that, a century ago, many of its then dlyesxisting member firms used the same
counterfeiting strategies to catch up to theiriBnitand American competitors. Already in
1897, the periodical American Machinist observed:going through the shops of a
prominent German machine-tool builder who has hieg¢he United States and got a good
many ideas there from, as well bought a good linth® best standard machines from which
to copy or vary, in the production of its own lihe@otice that every solitary American
machine, whether from Providence, New Haven, oci@irati, had had the name chipped off
and the place painted ov&t.Thirty years later, in 1927, the French periodlcaMachine
Moderne reported:Iiformation coming from Germany indicates that anfxer of American
machine-tools are now being copied by German cansirs, some of which are made
without the slightest alteration. Most of these miaes are actually sold as originals, the
name of the American constructor of the originachiae being mentioned in the advertising
notices, and often even appearing stamped on tlehims, with the indication ‘type’ or
‘model”. We can cite a case where a German firmied@ machine designed and

constructed by a well-known American manufactuaad sold in the United Stat&S$.

We claim in this article that imitating and everunterfeiting advanced foreign technology
and products are typical strategies of firms lodatean economically backward country.
These activities are formally legal when the inmitgtfirms use their new knowledge only in
those markets where the intellectual property sglitthe original inventor are not protected —

like in Germany before 1877. These activities dearty illegal when the imitating firms sell

1 LArgumentationshilfe aus dem VDMA zum StichworbBuktpiraterie”, March 2008.

2 press release ,Produkt- und Markenpiraterie inliolegstitionsguterindustrie 2008" of the VDMA, Ap#i008.
% German Machine Copying, American Machinist, Febyu#97, p. 116. According to Kiesewetter, the lavey
of McCormick, an American manufacturer of agrictdiumachinery, accused the German imitators of¢htie
most infamous pirates in T@entury-Europe. See Kiesewetter, H. (1992). BearsBeagles? Amerikanische
Unternehmen in Deutschland. In Pohl, H. (eBgr EinfluR auslandischer Unternehmen auf die dshés
Wirtschaft vom Spatmittelalter bis zur Gegenw8tuttgart: Franz Steiner, p. 170.

4 Cited after W.H. Rastall, 2. May 1927, NARA, RG11813 (Box 1806).
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their replicas in markets where the intellectualparty rights of the original inventor are
established — like in the case reported by thedfr@eriodical La Machine Moderne. The
government of a backward country might toleratevan foster this illegal behavior of the
firms in its jurisdiction because imitating foreignow-how is one of the most promising
ways to catch up to the economically and therebolgically leading nations. However, this
kind of illegal imitation usually only takes pladering a transitional period. On the longer
run, both the firms and the government of the enuaally advancing country face strong
incentives to change their behavior from violatingespecting international intellectual
property rights.

To elaborate this argument, we sub-divide the @agehp process into the two periods
imitation and innovation. During the imitation pedi firms of the economically backward
country use various imitation channels like revemsgineering, visiting international
exhibitions and foreign firms, analyzing patentafieations, or hiring foreign craftsmen and
engineers to learn from their superior foreign cetitprs. This new knowledge can be
profitably used in their home market because theegonent of the imitating firms does not
enforce the intellectual property rights of theefign firms in its jurisdictior?.In the following
period of innovation, the imitating firms adjusetimitated technologies and products to their
own technological capabilities and the demand eir thome market. During this process of
adaptation imitation is abating because the foryrerltating firms gain step by step the
competence to develop their own successful innoratiThat is why these firms might now
lobby for a functioning domestic patent law whiated not discriminate against foreign firms

to make sure that, in return, their own intelletraperty rights will be guaranteed abroad.

Note that the imitation and innovation phases oftegrlap. Especially during the innovation
phase, first, the (illegal) imitation of foreigrctenology might become less common but does
not totally stop, and, second, increasing imitatiotivities between domestic firms might
increase the diffusion of knowledge within the baakd country. Because of the latter, the
competence to develop innovations spill-over toeramid more domestic firms which
increases bhoth price and Schumpeterian compebgbtmween the growing number of efficient

and innovative firms considerably. Sometimes, tirad of the former backward country

® To avoid misunderstandings, we want to stresstéwhinological transfer is seldom a one-way-sti@eting
the catching-up process firms in the technologydaihding country might also learn from the actégtof their
foreign imitators. For this “reverse flow” see Jage D. J. (ed.)International Technology Transfer. Europe,
Japan and the USA, 1700-19¥dershot: Edward Elgar.
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might even take over the global technological lesttip and thereby — like the German
machine tool makers — change from ruthless imisatmicampaigners for the worldwide

enforcement of intellectual property rights.

Catching-up, however, is obviously not possibledeery country. One of the necessary
preconditions for both successful imitations ambirations is the availability of a sufficient
stock and structure of human capital. Aghion suppdiat during the imitation phase firms
rely primarily on workers with secondary educatianile for innovation workers with tertiary
education are needédesides human capital formation, other factors §ikcure property
rights, an incorruptible administration, openn@ssdmpetition, or financial institutions
capable of mobilizing capital for individual firnsgem to be also needed for catching-up
successfully. Germany went through these institutional reformghe second half of the 19
century and thereby supplied the domestic firm$& Wit capabilities and resources necessary

for imitating and innovatin§.

Japanese firms of various sectors went successfuthyigh this whole catching-up process in
the second half of the twentieth century; the Cégnease mentioned above is obviously a
contemporary example for the beginning of thissiton period from backwardness to
international competitiveness. We will concentiatethe development of the German
machine tool industry between 1877 and 1932 wharhle understood as a prime model for
explaining later catching-up processes. In se@iome present a case study to demonstrate
how this catching-up process worked on the leveoindividual firm. Methodologically,
however, we rely primarily on data about the patativities of German and American
machine tool makers to analyze the chronologiagilisece of the catching-up process, the
German patent practice discriminating against fpreipplicants, and the counteractive
measures of the American firms. That is why, irtisec3, we discuss the advantages and

shortcomings of the patent data that we use torgbpe the insights of the case study. In

® See Aghion, P. (2008). Higher Education and IntiowaPerspektiven der Wirtschaftspoligk(Special

edition), pp. 28-45.

" See Abramovitz, M. (1986). Catching-up, ForgingeAtl, and Falling Behindournal of Economic History

46, pp. 385-406; Buchheim, C. (2006). What Causds Development? Insights from Histo8outh African
Journal of Economic Histor21, pp. 52-83.

8 For a survey of the institutional reforms in"t@ntury-Germany see, for example, Ogilvie, S. andr@ R.
(eds.) (2003)Germany: A New Social and Economic History Volum8ilce 18000xford: University Press.
See also Grupp, H., Dominguez-Lacasa, |. and Rded\ishio, M. (2002)Das deutsche Innovationssystem seit
der Reichsgrundundeidelberg: Physica Verlag. For the successfalotution of institutions and innovative
firms in the German chemical industry see Murmani®,. (2003)Knowledge and Competitive Advantage: The
Coevolution of Firms, Technology, and National itasions. Cambridge: University Press.

3



section 4, we will describe German machine tool enskcatching-up process and the

reaction of their American counterparts in detaédction 5 will conclude.

2 The case study

To exemplify both the chronological sequence aedrttitation channels of the knowledge
transfer from American to German machine tool mskez will now have a closer look at the
development of the fird .E. Reineckethat was founded 1859 in Chemnitz. This firm
concentrated originally on the production of maehparts. Its actual imitation phase began in
1873 when the firm’s founder bought at the Worlg&r in Vienna a grinding machine
produced by th&rown & Sharpe Mfg. Companinspired by the superior technology E.
Reineckeused this American product as a model to startsupwn machine tool production
in Germany’ Interestingly enough, this type of imitation ségy had been correctly predicted
by an American correspondent at the World’s FaVienna who had reportedA*
considerable number of American tools were solcbtttinental makers, and are probably to
be copied at once for the European markétsl. E. Reineckehowever, learned from this
experience to use imported American machine taob germanent imitation channel in the
following decades. Until 1915, the firm has bougidre than 100 machine tools from 21
different American manufacturers. As a general,lul&. Reineckeacquired only one, rarely
two machine tools of the same tyfJeAfter an American machine tool had arrived in
Chemnitz, the process of reverse engineering bdgest, the machine tool was completely
disassembled, and then, every component was adadyrkrecorded with the help of
engineering drawings. Based on this informaflok. Reineckelbbecame capable to

manufacture and sell its own replicas of the Anmaarimachine tools.

Though, the German firm did not only rely on trdaies and world exhibitions as a source for
innovative knowledgé? International trade journals and American pateeti#ications were
also used to learn more about foreign innovatf8iuring the intensification of the imitation

process the acquirement of personal, often tacitvi@dge became more and more important.

° Seel. E. Reinecker 1859-190Ghemnitz 1909, p. 10 f.

10 Thurston, Robert H., Vienna International Exhititj 1873. Reports on Machinery and Manufacturetis anm
Account of European Manufacturing Districts, Wagjam (GPO) 1875, p. 202.

1 See StA Chemnitz, 31007/131: Schatzungsprotokibiée Betriebsgegenstande, 1915.

2 5ee Moser, P. (2005). How do Patent Laws influénoevation? Evidence from Nineteenth-Century Werld
Fairs.American Economic Revie9b, p. 1214-1236.

3 Already in 1897, another German firm, the macho® maker Schubert & Salzer, employed a transkator
scrutinize the sixty international trade journdls firm had subscribed to.See Miller, F. J. (18@merican and
Other Machinery Abroad. Being a Study of the EuewpEield for the Introduction of American Machinery
New York: Press of the American Machinist, p. 72.
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That is why, in 1882, the founder’s son traveletht® United States to inspect American
plants and to assume temporary employment thetielpublication commemorating the"50
anniversary ofl.E. Reineckett is explicitly stressed that the firm owed muadtits
technological progress to the wide experienceabneder’s son gained during his one-year
stay abroad? In addition,J. E. Reineckehired in 1897 an American expert for machine tool
technology who had once presented the innovatibaa dmerican firm from Philadelphia at
the Chicago world exhibition in 1893 An imitation channel with growing importance was
the information about innovative machine toolsrinéional resellers distributed among the
different firms they representé®The world’s largest reseller of machine to@shuchardt &
Sohnen Berlin, for example, informed. E. Reineckeregularly about the latest technological

development in the United Staf€s.

Due to these continuous and multifaceted trangitlanowledge transfer and the subsequent
learning-by-imitating). E. Reineckechanged fast from a pure imitator of American
technology to an independent innovator. Until 1906 firm had already applied for 37
patents in Germany and five patents in the UnitateS. The number of its work force grew
from 90 in 1886 to 2,471 in 1913, its sales volunweased in the same period from 211,377
Mark to 7,038,671 Mark® Even the American trade press acknowledged tretanding
innovativeness of this German firm. Fred Millerjtedof the American Machinist, described
the positive impression he had gained during d aidihel. E. Reineckés production

facility: [...] they are building machine tools which, thougkey are modelled in the style of
our best work, are yet for the most part as fuligioal with their builders as tools generally
are, or, in fact, can be. There is in the produaft¢his shop much more original work than is
to be found in the work of a large proportion of own shops, and | am convinced that the

net result of the fact that such a concern asthioses to adopt the underlying principles of

4 Seel. E. Reinecker Chemnitz 1859-1908ipzig: Meisenbach Riffarth, 1909, p. 15.

5 See Miller, F. J. (1897American and Other Machinery Abroad. Being a Stofthhe European Field for the
Introduction of American MachinerfNew York: Press of the American Machinist, p.76.

16 In contrast to other industries in which salesnaigs acted as “information brokers”, machine tteslers did
not charge their clients for new information abtig innovations of their competitors. Instead, thegd this
kind of knowledge transfer as a mean to improvectimapetitiveness of their clients’ products. Fa tble of
international resellers as ,information brokersé &treb, J. (2001). Mdglichkeiten und Grenzen der
Schumpeterschen Diversifizierung. Die Entwicklumg Birma Freudenberg & Co. Weinheim vom
spezialisierten Ledererzeuger zum Kunststoffveiitebenit breiter Angebotspalettéeitschrift fur
Unternehmensgeschichd®, pp. 131-159, especially pp. 139-143.

17 Seel. E. Reinecker 1859-1908hemnitz 1909, pp. 10-15; Miller, F. J. (189%&merican and Other
Machinery Abroad. Being a Study of the EuropeatdHier the Introduction of American Machinefew
York: Press of the American Machinist, p.76.

18 See Hitzbleck, Hans (1927). E. Reinecker Aktiengesellsch&itesden, p. 145.
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our American tool designs and to follow them rattiem British ideas is a distinct gain for

the American tool builder, even in German tradelft¥’

During the First World War, howevet, E. Reineckelost most of its former innovativeness
because of several reasons. First, the Allied tesmleargo of Germany isolated the firm from
both international competition and new informataout the international development of
machine tool technology. Secordd E. Reineckelnad now neither the incentives nor the
resources to invest in new R&D projects becausbebne-sided engagement in armament
production. The German army ordered the German mad¢bol makers to stop their
production of high-quality machine tools and to mfacture instead high numbers of low-
quality machine tools needed to produce ammunéiwhweapon® Third, the firm's stock

of human capital decreased because many experiemaeline tool makers were drafted and
replaced by unskilled workers. Fourth and consetiypeh E. Reineckedecided to use those
unskilled workers and therefore most of its proguctapacity to manufacture ammunition
instead of complex machinery because the latterdiffisult to produce without an
experienced work force. Summing up, the First Wadar disrupted. E. Reineckés
innovative momentum of the pre-war years and leffiim fall back again far behind its
American competitors in technological terfdhat is whyJ.E. Reineckewent back to its

well-known imitation strategies after the First Wlowar had ended.

Trying to identify those German product pirates whald be taken to the German patent
court, in 1926, the Department of Commerce in Wagoin and the American Embassy in
Berlin became especially aware of the aggressiviation strategies of the former innovator
J. E. ReineckerFor example, this firm offered an illegal replafthe “three spindle gear
rougher” for only two-thirds of the price demandsdthe original American innovat@ould

& Eberhardt In another casd, E. Reineckeundersold its American competitor even more.
Until 1925, the American firmhees-Bradner Compartyad sold 75 units of its “spur gear
grinders” in Germany for 2,200 Reichsmark per unitLl925, howevelr]. E. Reinecker
offered its own replica of this innovative machtoel at a price of only 1,200 Reichsmark.

Consequently, the Lees-Bradner Company lost not thiel German but also the British and

¥ Miller, Fred J. A Notable German Tool Shdypnerican Machinisti4, 3. November 1898, p. 818.

0 see Bundesarchiv Berlin-Lichterfelde R 8099/25@n8graphischer Bericht iiber die Besprechung in den
Geschéftsraumen des Vereins Deutscher Werkzeugimastdbriken, 5. September 1916, pp. 26-32.

%1 The technological development of the American riraekool industry was not negatively affected by Eirst
World War. Quite the contrary, the steady demanilodii the automobile industry and the armamentstrgiu
for more and more efficient machine tools fosted@terican machine tools innovations also during tiraes.
See CHSL Milacron, Series Frederick V. Geier, B8x‘Bmortization of Machine Tools”, May 1930.
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French market? J. E. Reineckewas not able to resume its former innovativenessrb the
late 1920s. Not until 1932, the German firm appfiedits first post-war patent in the United
State>

The business history df E. Reineckesuggests that the catching-up process of German
machine tool makers occurred in two consecutivpsst€he pre-First World War catching-up
process is characterized by an imitation phasé tinetil890s and an innovation phase until
the outbreak of the war. After the technologicaltseck of the First World War, the post-First
World War catching-up process started. Machine noakers such ak E. Reineckehad to

rely again on imitation strategies in the 1920sfimatlly regained their own innovativeness in
the early 1930s. This second catching-up procesdasier than the first one because the
technological gap was smaller and the experienddsvarious imitation channels were
higher in the 1920s than in the mid of thd't@ntury. In the following sections, we will use
patent data to find out if this chronological semeeeof the repeated catching-up process

really holds for the German machine tool indussyavhole.

3 The patent data

Our analysis of the patenting activities of the Aiceen and German machine tool industries
is based on different samples of individual machdawe patents, with each single record
including information about the year when the patess granted (or applied for), as well as
the name and location of the firm holding the retipe patent. To identify the machine tool
patents in the total patent population we usedbethat the German patent office, starting
with the introduction of the German patent law 8712* assigned every patent to a particular
technological class. Patents covering the techiyabdghe machine tool industry can be
found in the patent classes 47 (machine partsiird@hanical metal working), and 67
(grinding and polishing}® As these patent classes also contain innovati@tsib not belong
to the machine tool technology we identified thievant patents with the help of the
description of the innovation. Every patent thaltie/ith machining or chipping metal was

selected.

22 5ee NARA, RG 151, 420 (Box 1950): D.P. Miller keetDirector Bureau of Foreign and Domestic Commerce
November 8, 1926.

%3 See USPTO, patent no. 1,885,628, Arbor supporgéar cutting machines.

%4 See Seckelmann, M. (200®)dustrialisierung, Internationalisierung und Patezcht im Deutschen Reich,
1871-1914 Frankfurt/Main: Vittorio Klostermann, pp. 86-106.

5 “Machinery patents” can also be found in less obsiclasses like 45 (agriculture agricultural machinery)

or 86 (weaving— textile machines) to name just a few. Innovativachine tools, however, were assigned to the
three classes 47, 49, and 67.



Much is said about the shortcomings of patentsrasasure for innovation activities.
Griliches has statedNot all inventions are patentable, not all invensoare patents and the
inventions that are patented differ greatly in ‘¢jtyg, in the magnitude of inventive output
associated with thefif® The first part of this statement refers to thelskabwn fact that the
propensity to patent varies across industries. Sothestries, like the chemical or
pharmaceutical industries, try to appropriate #tams of their inventions primarily by
patenting, while others prefer keeping their ini@mg secret instead. It is sometimes claimed
that the machine building industry belongs to #ter group but we will see in the following
that, at least in our period of observation, Gerrmiath American machine tool makers not
only relied on secrecy but also held a considerabieunt of patents. This result is in line
with Moser’s finding who shows on basis of paterded non-patented innovations presented
at different World's Fairs that, in the T@entury, U.S. inventors were most likely to patent
innovations in machinery/. The problem that is addressed in the second p&tiliches’
statement is probably the more serious one. Puempeounts allocate the same weight to
every patent, no matter whether it has a highlowaeconomic value for the patentee. Using
the number of patents as an indicator for successfavation activities therefore leads to a
potentially large measurement error. We addresspitiblem by analyzing three different

types of patent statistics.

Patents applied foare a measure for inventions which were apprdisée new and

potentially profitable by the applying firmBatents grantedn contrast, are a measure for
inventions which were judged to be new by the patéfice. Long-lived patentare an

indicator for innovations which became in fact jgiaddle. This later group was identified by
Streb et al. using a special feature of the Gerpagent law?® According to this law, patent
protection could last up to fifteen years but wasfor free. Rather, the patentee had to pay at
the beginning of each year an increasing reneweainf®@rder to keep his patent in force. This
annual renewal fee came to 50 Marks in the first y@ars, and grew then by 50 Marks each
year up to 700 Marks at the beginning of the fiftheyear. Consequently, a patent holder had

to decide annually if he was going to renew higpator another year or not. The outcome of

% Griliches, Z. (1990). Patent statistics as ecoedmiicators: A surveylournal of Economic Literatur83, p.
1669.

%" See Moser, Petra (2010). Do Patents Weaken thalization of Innovations? Evidence from World's fzai
Unpublished paper.

8 See Streb, J., Baten, J. and Yin, S. (2006). Taohital and geographical knowledge spillover ia German
Empire 1877-1918conomic History Revie®9, pp. 347-373.
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this decision depended on the patentee’s expeasatibout the future returns and costs of
holding the patent. The later were determined eyrémewal fees and were therefore
foreseeable with certainty. In contrast, the futeteirns, which could result either from
selling the innovation as a temporary monopolidtyticensing another producer to do so,
were highly uncertain. Streb et al. assumed theatrthjority of patent holders renewed their
patents only if the present value of the expeatkaré returns exceeded the present value of
the future costs. Under this assumption, a lorgdan of a historical patent undoubtedly

indicates its comparatively high private econonatue.

Figurel The survival rate of Ger man patents®
80 K\
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60 | \ patents patents
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a This calculation is based on information on tatept cohorts 1891-1907. SBkatt fur Patent-, Muster-
und Zeichenwesg1914), p. 84.

A basic question of this life span approach is Inoany years a patent had to be in force to be
interpreted as a valuable patent. Figure 1 shomthéosample of all German patents granted
between 1891 and 1907 that about seventy perceit pdtents were already cancelled after
just five years. After the fifth year the speedatent cancellation was decelerating. About 10
percent of all patents were still in force afteryHars, 4.7 percent of all patents reached the

maximum age of fifteen years.

As Figure 1 also illustrates, Streb et al. decitdeduse the cut-off point of 10 years to

distinguish valuable patents from low-value patéhtEhe choice of this cut-off point was not

%9 The identification of an individual patent’s ligpan is generally possible because the Germantwitiee
published every year the patent numbers of thosntsastill in force. Since one would have to skdor the



arbitrary. Pakes observes that the low renewaldé#se beginning of a patent’s life allow the
inventor to use the patent as a comparatively cloggipn that protects the new knowledge
and gives him or her the time to learn more abbeattéchnological and economic prospects
of the inventior?® In the view of this fact it would be conceivabteinterpret those patents
that survived this learning process and lived tlogeeat least about 5 years as the valuable
patents of the patent population. Sullivan, howeeame to the result that most of the value
of the patent stock built up in the second halthef nineteenth century in Britain and Ireland
was concentrated in the upper ten percent of thg-liwed patents. Following this hint Streb
et al interpret the upper 10 percent of the lomgdi patents as the valuable patents of the
German patent population and therefore selectepatdints that survived at least ten yé&ars.
This selection process resulted in a data baseaicomg 39,343 valuable patents of the
German Empire (1877-1918) and 27,340 valuable patehthe Weimar Republic (1919-
19322 — among those all long-lived machine tool patevtich were granted to German and

foreign machine tool makers.

The relative usefulness of these three patentsgasadepends on the particular scientific
objective. If a scholar is primarily interestedtlre firms’ invention activities he or she should
concentrate on the patents applied for. In casesioh the efficiency of the patent office’s
screening process is under consideration, a cosgradf the patents applied for and the
patents granted seems to be advisable. If the atgérttive is to identify those inventions
which became successful innovations it is usefilbad first and foremost at the valuable
patents. It is important to note that these thypes of patents not necessarily display a

parallel development over time. Figure 2 showsgi@ample, that the machine tool makers of

respective patent number in up to fifteen anns#s lithe process of making out the individual $ifan of one
single patent needs at least about 15 minutes.i3kaiy, given the budget constraint of their peoj&Streb et
al. were not able to figure out the exact life spheach of the 800,000 German patents between 483 71.932.
Choosing instead to use the cut-off point of 10rgethey had to search only for those individuaépts that
survived at least 10 years.

% See Pakes, A. (1986). Patents as options: soinea¢ss of the value of holding European patentkstoc
Econometricab4, pp. 755-784.

31 See Sullivan, R. J. (1994). Estimates of the vafysatent rights in Great Britain and Ireland, 285976.
Economica61, pp. 37-58. See also Schankerman, M. and Pak@®986). Estimates of the value of patent
rights in European countries during the post-19&0@aggl. The Economic Journa®6, pp. 1052-1076.

%2 For other empirical studies using this patent datssee Baten, J., Spadavecchia, A., Streb, Jian&.
(2007). What made southwest German firms innovatieeind 19007 Assessing the importance of intrd- an
inter-industry externalitieOxford Economic Papeis9, pp. i105-i126; Degner, H. (2009). Schumpeteria
German firms before and after World War I. The wative few and the non-innovative ma@gitschrift fir
Unternehmensgeschichid, pp. 50-72; Labuske, K. and Streb, J. (20083hmelogical creativity and cheap
labour? Explaining the growing international conipetness of German mechanical engineering befooel iV
War |. German Economic Revie®, pp. 65-86; Streb, J., Wallusch, J. & Yin, {7). Knowledge spill-over
from new to old industries: The case of Germantsstit dyes and textiles 1878-19EXplorations in
Economic History44, pp. 203-223.
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the industrial district Chemnitz had a rather cansainnual number of valuable patents while
their number of patents granted was especially lmghe 1890s and the 1920s. It would
therefore be wrong to infer from the rising numbgpatents granted a similar boom of

valuable patents and therefore of innovativerigss.

Figure2 Patents granted and valuable patents of the machine tool makersin
Chemnitz®
18
16 N
14— —e—Patents t {‘ \ )6
12 | —= VA, 1/ \ﬂ
patents t I\l \ \
I\ \
\ |

a Source: Baten/Streb patent data base and Relp@tient data.

In this paper, we match the Baten/Streb patentlokga (about 66.700 valuable patents for
the period 1877-1932) with Richter’s patent dataalhe patenting activities of American
and German machine tool makers for four differanugs of patent holders which vary in the
depth of patent information available:

* 479 German firms which were member of the assaciaif German machine tool
makers or were identified as machine tool maketsaigie journals. Available are their
425 valuable patents in the German jurisdiction.

* The subgroup of all German machine tool makerd®fndustrial district of
Chemnitz, the birthplace of the German machineituustry. In addition to their 40
valuable patents, their 388 patents granted inctuthe application date in the
German jurisdiction are known.

» 408 American firms which were member of the Ass@refor Manufacturing

Technology or its predecessor the National Machioa@ Builders Association or

* The region Chemnitz did not participate in theréase in valuable patents of the German machire too
industry in the late 1920s depicted in figure 3chese of decreasing relative innovativeness. Sagd-it.
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were identified as machine tool makers in traderjals. Available are their 874
patents granted including the application datethait 62 valuable patents in the
German jurisdiction.

» The subgroup of all American machine tool makerthefindustrial district of
Cincinnati which was along with New England andl&ielphia one of the most
important focal points of the American machine toolustry. In addition to their 48
patents granted including the application datethat two valuable patents in the
German jurisdiction, their 874 patents grantedudirig their application date in the

American jurisdiction are known.

We will use these four patent data sets to andheeletails of German machine tool makers’
catching-up process in the following section.

4 The catching-up of the Ger man machine tool makers
Assuming that the number of patents is positivelgted to firms’ innovativeness, Figure 3
shows that, measured by the average annual nurhisaluable patents of the 479 German
machine tool makers, the chronological distributbdpatent activities matches our
qualitative and anecdotic evidence of the timinghefrepeatedatching-up process:
» the first imitation period ((Paris world exhibitidi867)/Introduction of the German
patent law 1877 to 1898)with 2.4 valuable patents per year,
» the first innovation period (1900 to the outbreékhe First World War) with 7.3
valuable patents per year,
» the technological setback during the First Worldr\Wa
» the second imitation period (1919 to 1925) withauable patents per year, and
» the second innovation period (1926 to 1932, whacthé last year covered by our

data) with 31.1 valuable patents per year.

The fact that, during the first imitation periode@an machine tool makers acquired only a
few patents that turned out to be worth to be proéal for at least ten years suggests that, in

the late 19 century, the German firms neglected own R&D prgjdut relied primarily on

3 Our qualitative evidence suggests that the finstaition period already started in the late 1860c&the
German patent law was not introduced until 1877aveenot able to analyze the first decade of thitation
period with the help of patent data. Interestingtpugh, however, it was apparently the growingdtirg
activities of German firms in the early 1870s whixinsiderably increased the international politmr@ssure on
Germany to introduce a patent law. See Seckelmdn(2006).Industrialisierung, Internationalisierung und
Patentrecht im Deutschen Reich, 1871-1Frnkfurt/Main: Vittorio Klostermann, p. 156.
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imitating foreign products. Obviously, however,ri@ag-by-imitating created on the longer
run the competences that were needed to develaessfal innovations on one’s own
account. As a result, the average number of vaduadilents per year of the German machine
tool industry tripled in the first innovation pedian comparison to the preceding first

imitation period.

Figure3 Valuable patents (VP) of German machine tool maker s
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a Source: Baten/Streb patent data base and Rglp@ient data.

The absence of valuable German machine tool pabetigeen 1915 and 1918 in Figure 3
does not indicate the total breakdown of innovai@ss in this sector but is due to the fact that
the German patent office did not publish the nafreng patent holder during the First World
War. Our case study of the machine tool makdt. Reineckesuggests, however, that the
German machine tool makers in fact fell back ietchihological backwardness again in this
period. Consequently, after the war had endedGGérenan machine tool makers went back to
their well-known imitation strategies which theydhaiready brought to perfection in thé"9
century. Any scruples which the German firms migiwte had regarding the violation of
intellectual property rights, had diminished attez confiscation of their U.S. patents by the
Office of Alien Property during the war. The Americcommercial attaché in Berlin summed
up in 1926: The practice of copying American machinery hasdfwe extended much more

widely since the war than it was even befdfeDue to both their unscrupulousness and their

% NARA, RG 151, 420 (Box 1950): D.P. Miller to Ditec Bureau of Foreign and Domestic Commerce, 8.
November 1928.



wide experience with imitation strategies the Garmmeachine tool makers were now able to
catch-up again in just a half decade. In 1926@Baman machine tool industry started to pass
through its second innovation period with an unpdented average number of 31.1 valuable

patents per year.

Figure4 Patents granted (with application date) of American machine tool makers
in Germany®
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a Source: Richter’s patent data.

Figure5 Valuable patents of American machine tool makersin Ger many?
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a Source: Baten/Streb patent data base and Rglpi@tent data.

How did the American machine tool makers reactraiahe imitating strategy of German

firms in the late 19 and early 28 centuries? We already know about the various caimis!
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about the German imitating activities both durihg first and the second imitation period. It
is reasonable to assume that the American innavaidrnot only fight with words but tried

to protect their intellectual property rights bypapng for patent protection at the German
market. We would therefore expect that Americarpég activities in Germany were
especially high during the two imitation pericssigures 4 and 5 prove that this expectation
is wrong. American firms had a comparatively higimier of both German patents granted
and valuable German patents not during the twaatmmn periods but during the two
innovation period’ How can this discrepancy between our theoretixpéetation and the

empirical observation be explained?

Figure 6 Valuable patents of American machine tool makersin Germany per

million US-Dollar production and per million US-Dollar export®
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a Source: Robertson (1966); p. 483, Wagoner (196862; Wing (1964), p. 268; Richter’'s patent data

The surprisingly parallel development of Americaml &erman patenting activities suggests
that this patent cycle might be positively relatedhe industry’s business cycle. For example,

the rise in valuable patents through 1914 mightanithe global growth of machine tool sales

% As is true today, the distribution of foreign pateacross countries was highly skewed. The UrStates
dominated foreign patenting activities in Germarithva share in all long-lived foreign patents of@Fcent
before and 35 percent after the First World Wane-aere, therefore, Germany’s major source for new
technological knowledge. See Degner, Harald anebSttochen (2010). Foreign Patenting in Germang718
1932. Unpublished paper.

3" The American machine tool industry’s share invallable American patents in Germany is comparitive
small and comes to 2.0% in the first imitation pdri3.4% in the first innovation period, 2.5% ie tecond
imitation period, and 2.2% in the second innovapeniod.
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and export, the decline in patents after the Fifstld War might reflect the depressed
conditions of the inter-war period. To prove thygbthesis we calculated the annual number
of valuable patents of American machine tool makeSermany per million US-Dollar
production and per million US-Dollar export (date Sermany are not available). Figure 6
reveals that there was no constant relationshipdest the patenting activities and the
American machine tool industry’s business cycleit®ithe contrary, the relative patenting
activities were declining over time. The correlatapefficient between patents and
production is -0.17, the one between patents apdrexcomes to -0,46. We therefore reject
the hypothesis that the development of Americad @arman) patenting activities can be
explained by the machine tool industry’s businessec’® That is why we have to look for

another explanation for the timing of the Amerigatenting activities.

There are two necessary preconditions for patemtitigities in a foreign market. First, an
innovator will only be prepared to apply for patpndtection in a foreign market after he has
learned how to use this instrument in his home eta&econd, an innovator has to expect to
sell his products in the foreign market at a satdgsme that justifies the costs that come along
with the patenting activities abroad. Both prectinds were not satisfied during the first
imitation period. Figure 7 shows that the newlyrfded American machine tool makers of the
industrial district in Cincinnati intensified thepatenting activities in their home market not
before the turn of the century. Their inexperiewith respect to patenting at home might
explain why they also abstained from patentingvéets in Germany before 1900. However,
the increasing number of German patents held byrfsare machine tool makers after 1900,
proven by Figures 4, 5 and 7, is not only the tesfujrowing experience but is probably also
owed to the fact that, in this period, Germany l@some one of the most important foreign
market for American machine tool makers who deédeabout one quarter of their total

exports to German customérsThe increased German demand for their productoobly

38 william Brown claims “that innovations occurs wheeie demand for machine tools falls”. See Brown, W.
(1957). Innovation in the Machine Tool Indust@uarterly Journal of Economicgl, pp. 406-425. This
hypothesis is also not supported by our data.

%9 See Robertson, R. M. (1966). Changing Productidviaialworking Machinery, 1860-1920. In Brady, D. S
(ed.).Output, Employment, and Productivity in the Unigtdtes after 1800NBER Books, New York:
Columbia University Press, pp. 479-496, here p; #&drose, B. and Williams, J. S. (191Dyties on Metals
and Manufacturers of Metal€ommittee on Finance, United States Senate, WgtslninGovt. Print. Off., p.
236.
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convinced American machine tool makers that itlieome profitable to get their

innovations patented in the German jurisdicfidn.

Figure7 Patents granted of the American machine tool makersfrom Cincinnati in

the American and German jurisdictions®
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a Source: Richter’s patent data.

Interestingly enough, we found no anecdotical evogethat three of the most notorious
German imitators of the first imitation period, nelgn. E. Reinecker, PfauteandWanderer
Works maintained their imitation strategies during filngt innovation period when these
three firms also held patents in the American flicison. As these German firms now had a
strong interest that their own patents were respect their American export market, they
abstained in return from violating the intellectpabperty rights of American firms before the
First World War. Figure 8 shows that German machioé makers increased their exports
considerably during both innovation periods. Timsling confirms our assumption that
valuable patents are a reliable indicator for iratoeeness and therefore also for international

competitiveness:

“*The average time span the American machine tokemsdet pass between the patent application in the
home market and the one in the German market desnldeom 2.3 years before the First World War & 0.
years after the First World War.

“l See Labuske, K. and Streb, J. (2008). Technolbgieativity and cheap labour? Explaining the grayvi
international competitiveness of German mechamingineering before World WarG&erman Economic
Review 9, pp. 65-86.
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Figure8 German Exports and Imports of Machine Tools, 1900-1933%
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a Statitisches Reichsamt (edjonatliche Nachweise Uber den auswartigen Handeit&xlandsBerlin
1900-1933.

In the light of the increasing success of Germandiin the American market, the German
government was now also willing to make some casioas to the American patent holders.
Section 11 of the German patent law of 1891 rufed & patent could be revoked when the
patent holder did not manufacture the patented gatidn the borders of Germarf§ The
purpose of this stipulation was to avert that @ifgm patent holder used his German patent
only to secure his monopoly in this country but dat employ German labor and did not
stimulate German industry. Since the German firsedutheir American patents in the United
States exactly in this unwanted way, the Germarigouent arranged with the American
government in 1909 that section 11 of the Germaearpdaw was in return not applied to

American firms*

However, as we have already seen, the German fewested fast to their traditional

imitation strategies after they had lost their Aiven patents during the war and faced again a
technological gap between themselves and their &ar@icompetitors in the early 1920s. The
Americans were well aware of the revitalized imitgtactivities of the German firms in the
1920s. In 1925, the American trade commissioneodbePilger authored a report in which

he listed 64 American machine tool makers whosdymts were copied by German firms and

who were then squeezed out of the German and expert markets by their imitators. Pilger

“2 A similar ruling can be found in section 27 of Betish Patents and Design Act of 1907.

4% See ,Abkommen zwischen dem Deutschen Reiche und/deeinigten Staaten von Amerika, betreffend den
gegenseitigen gewerblichen Rechtsschutz vom 23uketh909.“ Blatt fir Patent-, Muster- und Zeichesen,
25. August 1909, Nr. 7/8.
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suggested as a countermeasure to apply for patetis German jurisdictioff: The

American firms obviously followed this advice. Figu4 shows that the patent applications of
American firms in Germany already reached high nensin the first half of the 1920s, that

is during German machine tool makers’ second imitgperiod. However, given the fact that
the German patent office needed in this decadeverage about three and a half years to
grant a patent for which an American machine toaken had applied for, the number of
patents granted increased not until the late 19R@sjs in the second innovation period. In
the post-First World War decade, the American fiditsin fact try to protect their

intellectual property rights against the Germardpat pirates by increasing their German
patenting activities in the imitation period buildd to succeed because of the long time span

between the patent application and the patent.grant

Tablel Pendency period (time span between the application and the granting) of

patents of machine tool makersfrom the US and Chemnitz, in years®

Period Pendency period Disadvantage of the
Applicant from American applicant | American applicant
Chemnitz

1877-1899 0.7 years 1.2 years 64%

1900-1914 1.3 years 2.2 years 66%

1919-1925 1.7 years 3.7 years 116%

1926-1932 2.3 years 3.6 years 51%

a Source: Richter’s patent data.

One might suppose that the long pendency peritkdeo1920s was determined by the
growing complexity of the innovative machine todtanight also be possible, however, that
the German patent authorities consciously delalyeghatent grants to American firms to give
domestic firms the time they needed to exploitrtimitation strategies. Kotabe, for example,
claims that a country’s patent practices discrit@ragainst foreigners if the pendency period
is systematically shorter for domestic applicatitren for foreign applicatiorf§. Table 1
reveals that the German patent authorities neadgdrieral more time to process the

American patent applications than those of doméstientors from Chemnitz. On average,

4“4 see NARA, RG 151, 420 (Box 1950): W.H. Rastalladius Klein, 11. January 1926.
> See Kotabe, Masaaki (1992). A Comparative Study.8f and Japanese Patent Systelmstnal of
International Business Studigs 157.
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this disadvantage comes to about 60%. Between 4844925, however, the pendency
period for American applicants was more than tveiséong as the pendency period for
domestic applicants. As this disadvantage decreagaid in the late 1920s to an all-time low,
the quantitative evidence for discriminating patensictices during the second imitation

period is strong.

There is also anecdotic evidence for the problemgrcan firms faced trying to protect their
intellectual property in the 1920s. Some Americathine tool makers needed more than ten
years to fight their cases through the German patamt because several German companies
joint in order to prevent American patent applicas*® The problems, American
manufacturers had to face when dealing with ther@earpatent office in the 1920s, is
illustrated by the experiences of Sol Einsteinjglesngineer of the Cincinnati Milling
Machine Company:It was difficult to get a German patent granted doi¢he opposition

from German manufacturers. | therefore was sei@d¢omany to straighten out the difficulties
our attorney experienced. When our opponents faundhat | was in Germany to attend a
hearing before the patent office, from month to tindhey postponed the hearings in the hope
| would not stay in Germany. Finally after threentits of delaying, the hearing was set. With
preparation of having a demonstration of an up-&tedcenterless grinder at the Singer
Sewing Machine Plant and three prior art machifie$ set up to the experimental room at
the patent office, our opponents were willing ttharaw their position if we would grant

them a license for using all twelve machines tha/built. | insisted, however, on a ruling by
the patent office which finally granted the pateith very broad claim&.However, ‘through

the united effort of a large number of German conigs, the patent, after four years in
existence, was declared invalid. In England, owepawas declared invalid by a judge who
stated frankly that he was particularly interestednaintaining the interest of the English
people’*’ In Germany, it was the Association of German maehdol makers which
coordinated the German firms’ fight against the Aican patentees by collecting and

encouraging patent appeéfs.

“6 See Cincinatti Historical Society Library (CHSMijlacron, Series: Misc. Folders (Schwartz), Boxclder
Litigation Compilation; Landesarchiv Berlin, Besthhudwig Loewe, A. Rep. 250/01/18/Karton 110 u. 130
4T CHSL, Milacron, Series: Executives Personal Hig{@chwartz), Box B-H, Folder Sol Einstein: Eingtebol,
I do remember — men, machines, and the plants dehenCincinatti Milling Machine Company, August7®
p. 7.

48 See Staatsarchiv Chemnitz, Bestand Wanderer-Watk&0/WW3617: VDW to Wanderer-Werke, 23.
January 1931.
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Summing up, the degree of innovativeness of doméastis significantly influenced the level
of discriminating German patent practices agaimsifners. In the first innovation period,

the German patent authorities allowed Americanditmhold patents for innovations not
produced within the German borders. In the secomthiion period, the American
disadvantage resulting from a longer pendency genioreased considerably but was reduced

again to a all-time low in the second innovationiquk

The distortive influence of changing patent pragiconsiderably decreased the informative
value of German machine tool industry’s relativedwativeness measured by the ratio
between the valuable patents of German firms (Ei@Jrand the valuable patents of
American firms (Figure 5). This ratio comes to (8he first imitation period, 0.6 both in the
first innovation period and in the second imitatmeriod, and 1.3 in the second innovation
period. Given the exceptional long pendency pefdodmerican applicants after the First
World War, the “real” ratio of relative innovativess was probably smaller in the second
imitation period and higher in the second innovaperiod. However, even the distorted
figures support our hypothesis about the chronoldgiequence of the second catching-up

process.

Figure9 Valuable patents per imitating and non-imitating firm?
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a Source: Baten/Streb patent data base and Rglpi@tent data.

To prove our basic assumption that learning-byatmt fostered the development of

innovativeness we have to show that the Germarmiorg were more innovative than the

21



German non-imitators. Fortunately, the Industri@dWlinery Division of the American
Department of Commerce and the National Machind Badders Association compiled a

list of the 55 most notorious German imitatdt3.o answer the question whether these
imitators were more innovative than the “non-imitgt (or less-imitating) other German
machine tool makers we calculated the annual nuwibealuable patents per firm for each of
these two groups. The results of this calculatienshown in Figure 9. The notorious
imitators were far more innovative than the nontating firms, especially in the innovation
periods. We conclude from this finding that the petence to develop profitable innovations
diffused first and foremost within the group of tating firms. To spend resources for
imitation was apparently an excellent strategyettuse long-term growth and survival. Note
that this process might have been self-enhancingsRhat invested ore in imitating
strategies probably grew faster than others andheédfore more funds for imitating and

innovating in later decades.

Patenting activities in the German machine tooligtd; were not only uneven distributed
across firms but were also geographically clustéredfew administrative district.Figure

10 shows the core areas of machine tool innovatiotise 1890s and the 1920s. The darker
the shade the higher the share of this distriellimaluable machine tool patents. In the 1890s
(1888-1997), machine tool makers located in thedtadministrative districts of Saxony
(Chemnitz, Dresden, Leipzig,) dominated patentictivdies with a combined share of 46%
in all valuable machine tool patents. In the 19®4 8-1927), however, the geographical
centers of patenting activities had shifted to Bgi29%) and Magdeburg (12%) in the North,
Duesseldorf in the West (17%) and Neckarkreis (8#6) Schwarzwald (8%) in the
Southwest. The combined share of the three admatiis districts in Saxony had decreased
to 15%. One important reason for this relative idecin innovativeness is that knowledge
spill-over from successful technical universitinghe cities Aachen, Berlin or Stuttgart

considerably fostered the innovativeness of thehinactool makers located in their vicinity.

4 see NARA, RG 151, 420 (Box 1950): D.P. Miller toréztor Bureau of Foreign and Domestic Commerce, 8.
November 1926.

%0 For the geographical distribution of patent atiex in 19" century-America see Sokoloff, K. L. (1988)
Inventive activity in early industrial America: Elénce from patent records, 1790-18%8urnal of Economic
History, 48, p. 813-850.
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Figure 10 Core areas of patenting activities (Maleigpatents) in the German machine
tool industry in the 1890s and the 1920s
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We claimed at the beginning of this article thatawation periods are usually also periods of
knowledge diffusion in which the competences toeligy and produce innovative machine
tools spill-over to more and more domestic firmg.prove this hypothesis for our historical
case we calculated for every year Herfindahl-Inslig® with respect to the distribution of
valuable patents across both German firms and Geadainistrative districts. In the
following formula, t denotes the year, avi# the number of valuable patents held either by
firmsi=1...n (in the case of the Firms’ Herfindahl-Index) omidministrative districts=1...n

(in the case of the Regions’ Herfindahl-Index):

n VP
H - - ity2
=30

In general, the smaller the Herfindahl-Index theemequal is the distribution of valuable
patents. The Herfindahl-Index comes to one in #®e®f maximum concentration and to 1/n
in the case of an equal distribution of valuableepts. We interpret periods in which the
Herfindahl-Index is decreasing as diffusion peridélgure 11 shows that both the Firms’ and
the Regions’ Herfindahl-Indices are in fact deciegsluring the two innovation periods
(1900-1914, 1926-1932) which implies that an insieg number of German machine tool
makers and German regions were able to develogadrtef innovations in these periods.
Interestingly enough, both Herfindahl-Indices fiatdo fall in the first imitation period which
might reflect the general growth of the numberih$ in the still young machine tool
industry. During the intensification of the imitai period at the end of the"18entury,
however, both Herfindahl-Indices increase agains Tidicates the interruption of the former
diffusion process and might be explained by thé tzat many of the German machine tool

makers lacked the resources to engage succedsfiilg learning-by-imitating process.
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Figure 12 Herfindahl-Index of the distribution of valuable patents among Ger man
machine tool makers®
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a Source: Baten/Streb patent data base and Rlpi@tent data.

The rather surprising result that the the Firmsifiddahl-Index and the Regions’Herfinahl-
Index display a nearly identical development oietcan be explained by the fact that the
above-average innovativeness of regions is mosggt on the achievement of just a few
very innovative firms! Analyzing the patent activities in all German istties, Degner finds
out that, from 1877 to 1900, two thirds, and, frd891 to 1932, between 40 and 55 percent of
all long-lived German patents granted to domestios were held by only the 30 most-
innovative German firm%: That this distribution of innovativeness acrosm§ was

extremely skewed is emphasized impressively byabethat more than 266,000 firms with
more than five workers existed in Germany in 198@. conclude that the uneven distribution
of innovativeness across regions has to be explafitet and foremost, by the persistent

technological advantages of a few very innovatiuag located in these regions.

4 Conclusions

The technologically backward German machine todiemasuccessfully used imitating and

counterfeiting activities in the late 1@entury and the 1920s to catch-up to their America

*1 Note that the diverging development of both Hefilindices in the early 1930s resulted from the faat an
increasing number of firms located in Berlin hetdiacreasing number of valuable patents.

%2 See Degner, Harald Degner (2009). Schumpeteriam&@eFirms before and after World War I: The
Innovative Few and the Non-innovative Ma&gitschrift fir Unternehmensgeschicli, p. 62. See also
Degner, Harald (2010Windows of Technological Opportunity: Do TechnotafjiBooms influence the
Relationship between Firm Size and Innovativen€z4R Discussion Papers 15.
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competitors. The German administration supportedstinategy by stipulating a patent law
that discriminated against foreign patent holdeus lay prolonging the pendency period for
foreign applicants. Parallel to the growing intéior@al competitiveness of German firms,
however, the willingness to guarantee intellecpuaperty rights of foreigners was also
increasing because German firms had now to fealiatdry measures in their export markets

when violating foreign property rights within Gemya

We interpret this development of the German mactoonkindustry as a model for other
historical, contemporaneous and even future cagebprocesses. Developing countries
may learn from this example that the strict compi&to the international rules of law with
respect to intellectual property rights can slowddhe speed of technological and economic
progress in their domestic industf/Advanced countries may understand, first, thabthied
their own development similar imitating strategieshe past, and, second, that illegal
imitation usually only takes place during a trainsial period. We predict that the copying
and counterfeiting activities of the Chinese maetbailders which were momentarily
tolerated by the Chinese government will end as sothe Chinese firms will be able to sell

advanced and innovative machinery abroad.

%3 See the similar conclusion in Boldrin, M. and LreiD. K. (2008)Against Intellectual Monopoly
Cambridge: University Press, p. 281.
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