INVENTION AND INSTITUTIONS OF INTELLECTUAL PROFERTY
IN HISTORICAL PERSPECTIVE’

Property Rights to Technical Knowledge in Premodern Europe,
1300-1800

By Sterran R. EPsTRING

The role of technology in the transition from
premodern, “Malthusian™ o modem economies
in late 18th- and 19t%h-century Europe 15 among
the major questions in economic history, but it
s st poorly understood, [n particular, the view
that premodern sociclies experienced low labor
praductivity and stagnant living standards, and
that technological change hefore ca. 1800 was
close 1o zero doe W pervasive guild rent-secking
and poorly specified praperty righis to knowl-
edge (Douglass C, North, 1981 Jogl Mokyr,
20023, is hard to sguore with the fact that the
surge of technoliogical innovation in the [#th
century cccurred  within institutional frame-
works nol oo dissimibar w those of 13K

It 15 well known that the technical knowledge
of premodemn crafismen and engineers was
largely experience-based, However, the impli-
cations of the fact that there were basic cogni-
tive limitations w0 how technical knowledge
could be expressed, processed. and ransmitted
have vet 1o be examined n detuil {Arthur S,
Reber, 1993, Epstein, 2003), What follows
claborates on this poiol, spells our the main
implications for properly aghts 0 knowledge,
and sugpesis that the principal. endogenous bot-
tleneck o premodern technical diffusion and
immovation was the cost of persons-to-person
teaching and demonstration,
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I. Transmission of Technical Knowledge

Expenence-based knowledge 15 a good. and
its exchange and diffusion demand that those
wha have it take deliberate action to share it
through face-to-face communication. These ap-
erations are costly o implement and have relied
historically on a varety of solutions, Analyti-
cally, it is useful o break down the gquestion of
how techpical knowledze was taught into the
distinet issues of intergenerational transmission
and transmission between skilled peers.

The first and mest important stage in acquir:
ing technical knowledse was through appren-
ticeship. Since future human capital cannot act
as collateral, resource-poor but potentially able
workers mayv be incapuble of bearing the cosis
of their investment in skills, leading w a sociafly
suboptimal supply of skilled workers. Appren-
ticeship allowed trainees o exchange subsi-
dized training for below-market wages after
truining was concluded. However, firms would
have still supplied suboptimal amounts of frain-
ing if the traince had been able to quit before
contract gxpiry. Craft guilds played a dominant
(thoush oot unique) rele in overcoming training
extemalities in human-capital formaton: Craft guilds
supervised job performance, work conditions,
and guality of instruction; enforced contracts
through compulsory membership, statutory pen-
alties, and blackballing: and protected appren-
tices against poor raining in craft-specific skills
within eligopsonistic labor markets, These fune-
tions explain the extraordinary longevity of Eu-
ropean crilt guilds from the late | Lth century 1o
the early |Sth (Epstein, 1998),

Apprenticeship training was costly, for two
reasons: First, skills and expertise take time and
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effort to acquire, Although experts do not think
in fundamentally different wavs from nonex-
perts. experts have substantially more knowl-
edge about the task at hand and display
qualitative differences i the way they organize
and represent that knowledge, Experts use spe-
cialized recognition processes to achieve un-
usual feats of memory, reorganize knowledpe
inlo complex hierarchical systems. and develop
complex netwaorks of causally related informa-
tion, The knowledge of less-skilled individuals, in
contrask, Is encoded using everyday concepts that
mke the retricval of even their limited knowl-
edge difficult and unreliable. It consequently
takes about ten years of dedicated training 1o
achieve top-level expentise (K. Anders Ericsson
et al,, 1993), a fact that is plausibly reflected in
the length of premodern apprenticeships.

Secondly, upprenticeship was costly because
most cralt knowledge was implicit or hard to
codify, The importance of implicit knowledge
and experience placed o premium on employing
family members, who had been socialized
early into the craft and generated higher levels
of trust, particularly in the most technically ad-
vanced industries like mining and metalworking,
ship- and high-quality edifice-building, and clock
and instrument-making, Nevertheless, appren-
ticeship und guild membership in Europe were
non-ascriptive and individualiste—there was no
cultural, Kin, or other noncontractual obligation
to remain ted to one’s master, birth group, or
community. a fact that probably lowered the
costs of mobility considerably by comparison
with gther premoderm sociaties,

Much premodern  craflt and  enginesring
knowledge appears to have been shared or “dis.
tributed” within industrial distacts (Epstein, 2003;
see also Rebert C, Allen, 1983). Sharing was more
likely in ship- and edifice-building. mining and
metalworking, and in the production of clocks and
scientific instruments. which displayed strong
division of labor and advanced levels of coor-
dination and where cooperation provided clear
ceonomies of scale und scope—sectors that are
also notable for having played the most techno-
logically innovative role in the Industrial Rev-
olution, Sharing was probubly less common in
industries like glassmaking and in some of the
luxury-zoods sectors, where experimental knowl-
edge whose scientific basis wus poarly understood
gave individual craftsmen a competitive edge.
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The existence of strong externalities in many
indusiries defined an environment characierized
by low appropriability. Low appropriabilily will
in principle reduce incéntives for inmovation
within individual firms and would help explain
the ecraft goilds’ reputation for technelogical
conservaism. Monetheless, empirical evidence
of guild conservatism 15 weak, and there is good
evidence to the contrary, even though innova-
tion that drew prevalently on tacit knowledge is
hard w identify (Epstein and Maarten Prak,
2004, The cralt guild also enabled individual
members to capture o share of consumer surplus
from their invention. by forbidding the poach-
ing of skilled labor emploved by the inventor,
and by rarsing the costs of exit for other mem-
bers through o combination of pepalties and
club goods. The interval between invention and
copying provided inventors with a first-mover
advantage and a repsonable rate of return:

Il Texts and Patents

[n theory, technical knowledge could be dis-
seminated across space in three ways: through
publicly available texts. through patents, and
through migrating individuals. In practice, pub-
lished, “disembodied™ technical knowledge did
not disseminate well. Premodern scientists and
savants typically overestimated the role plaved
by explicit, propositional knowledge in cralt
and engineering practice, Written manuals were
imcomplete and sometimes misleading; they
might contain technical details not actually ap-
plied in solving the problem: and they lett out
crucial practicing “tricks.” These problems: were
compotnded by the fact that experts frequently
had difficulty describing what cues they re-
sponded 1o and what Factors contributed o de-
cisioms they made, which explains why equally
skilled experts in the same feld disagreed on
how 1o do their job {Erie H. Ash. 2000). The large
tait and nonlinear component of experience-
bused knowledge explains why not u single
premadern innovation was transferred simply
through the printed word.

Premodern patents  faced similar technical
and ¢ognitive problems, Patent law was firs(
established in Jate 135th-century Venice and
spread rapidly to the rest of Italy and northward,
tirst to the German principalitics, then 1o France,
Spain, and the Low Countries, and subsequently
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to England (Mualcolm Frumkin, 1947—44). By
contrast with their modern counterparts, how-
ever, premodern patent laws did not normally
request novelty and originality: most patent de-
scriptions were generic and did not remaotely
approximate a modern bluepring and innova.
tions were scldom examined before the [Bth
century, Although some administrations, like
Venice from the early 16th century, demanded a
working model of patented machinery, it is un-
clear to what extent the models eould overcome
problems of scaling when reproducing the onig-
inzl. In practice, patents were a means for towns
of rulers to encourage the introduction of a new
maching or process in their jurisdiction, by con-
ceding & contingent monopoely over explaitation.
Patents were granted mainly For mechanical in-
ventions in power production (milling, hydrau-
lics, heating), which had high sunk costs and
indivisihilities and low reproduction costs; pat-
ents were also used as a means of commercial
advertisement. Since patents tended to require
costly lobbying and uplfront fees, and placed the
entire burden of proof and investmenl nsk on
the inventor’s shoulders, barriers to entiy to the
technology market via patents were high. The
propensity to patent was also influenced by
other factors. Many product and process inno-
viltions. were never patented because they were
better protecied as trade secrels or because they
were part of the collective knowledge of a craft
for example, the makers of watches, elocks, and
astronomical and other sciemtific instruments,
most of whom were organized in goilds, op-
posed patents that tred o privatize knowledge
that was already in the craft’s domain or that
were perceived o restrain rade (Epstein and
Prak, 2004). Conscquently, premodern patent
tights did not pliy a major role in innovation
before TROD (Christine MacLeod, 1988).

11 Technobogical Transter

The assumption thal patent rghts 1o inven-
tion were necessary for premodemn technologi-
cal mnovation rests on the view that intellectual
creation 15 nonrivalrons: and that onee in the
public domain, it can he copied ab no additional
eost. This fact may be true but is economically
irrelevunt, since what matters is the application
of the new idea, which has learning and plysi-
cal costs, In premodern manufacture, the costs
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of application arose {rom the largely implicit
nature af technical knowledee, which created
the need for one-on-one training and meant that
technological innovations had 1o be transferred
by traveling craftsmen and engingers,

Between ca, 1300 and ¢u. 15350, European
craft puilds and polities devised institutionul
arrangements that sustained eralt mobility and
raised the petentinl vale of technological inno-
vation. Skilled migrant workers were temporary
and seasonal, made up manly of apprentices
and journeyimen, or permanent, made up mostly
of estublished masters (Epstein, 20044). Orga-
nized apprentice and journeymun ramping grew
aut of the temparary skills shomages following
the plague epidemics of 1348—1350. By 1550,
tramping was common in much of western Eu-
rope. although it was only fully institutionalized
in German-speaking central Europe and less
gxtensively in Frunce. In England, independem
journeyman crganizations were formed after the
decline of London as a national training cenler
from the 685 Since the main purpose of
arganized tramping was to coordinate informa-
tion and allocate skilled labor more efficienty
dcross regions. formal organizations never arose
in densely urbanized regions like northern ltaly
and the Low Countries where information costs
were low.

Apprentice and journeyman mobility helped
develop and diffuse technical knowledge within
areas that were mstitutionally, cconomically,
and cultueally similar, MNascent monarchies and
termtorial states. however, made it a pnt o
attract new skills and technology from outside
such zones. Competition for skilled workers, for
example, for master cathedral-builders, existed
already during the Middle Ages, but if increased
markedly during the early Renaissance (o
14500155 in the eastern Mediterrancan, and
after the Reformation in north-central Europe,
when European mulers made it palicy Lo attract
displuced craftsmen from engmy lands, The Hu-
guenot migrations to Geneva and England and
the wholesale wansfer of artisan skills from
Brabant to the Netherlands after the sack of
Antwerp in [585 are just some threads in a
complex web of politically driven technical dit-
fusion (W, C, Seoville, 1951). From the mid-17th
century, mercantilist states promoeted domestic
industry and engaged in indusirial espionage
more systematically; attempts by guilds und
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political authorities to stop skilled workers from
migrating were hindered by weak administra-
tions and state competition (John R. Harris,
1998),

There were four major obstacles to the suc-
cessful tramster of technical knowledge over
long distances. The most often cited, trade se-
crecy and guild opposition (o innovation, were
the least important. Rent-secking and guild op-
position did not create insuperable barriers (o
change because guilds were seldom in a posi-
tion to enforce their wishes, and guild member-
ship was often divided (Epstein and Prak,
2004). Strong evidence to this effect is the fact
that technological leadership moved over time
from southern 1o northwestern Europe, from
Ttaly (12001450}, 1 the southern Rhineland
and southern Netherlands (e 145013701 1o
the Dutch Republic (1570-1675), and finally 1o
Britain after ca. 1673, largely thanks 1o skilled
migrants trained by guilds. Each relay of the
technological torch set in motion a perind of
rapid moovation m the new regional leader.
Britain, for example. was a one-way technolos-
ical debtor up to the Jate | 7th eentury (Graham
Hollister-Short, 1976) between 1600 und 1675
it imported from the Continent the most ad-
vanced technigues in metal smelting and fora-
ing. in the making of glass, pottery, guns,
watches, scientific instruments, wool, linen, and
silk cloth. und in hydraulic engineering and
agriculture, and it mtegrated these innovations
targely under the segis of the guilds. This posi-
tion of dependence began to be reversed ufter
ca. 1675, and already by 1720, the English
Parliament had become so worried about inter-
national competitors, and so confident io native
technical prowess, that it passed a law banning
the emigration «of resident technicians,

The two main obstacles o technological
transfer were information and transport costs,
which restricted lubor mobility. and the absence
of a local skills base that could successtully
miggrate new techniques. An economy could
only absarb outside innovation if it had enough
trained technicians who could make. operate,
and repair new machinery. A major hurdle with
transferring British coal-based technologies 1o
non-coal-based Continental cconomies in the
I8th century, for example, was the inompti-
bility of the assoviated intermediate goods, parts,
and skills (Harris, [998), Knowledge transmis-
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sion could therefore be excruciatingly slow. Tt
taok over a century o transfer Hollander paper
beaters from the 17th-century Netherlands 1o
18th-century France because of a lack of good
machine-makers and repairers; 18th-century
French metalworkers had no knowledge of
high-quality steelmaking that had been prac-
ticed in Germany, northern Ttaly, Sweden, and
England for up to two centuries (Cyril 8. Smith,
1956; Leonard N, Rosenbrand, 2000),
Bottlenecks to technical transfer were relaxed
over time by falling information and transport
costs, which can be proxied reasonably accu-
rately by trends in urbanization (Paul Bairoch et
al., 1988}, The most salicnt example of the corre-
bation between technologieal leadership and ur-
banization is premodern England. which was
transformed between 1650 and 1750 from a
teehnological and underurbanized semi-periphery
1o the most technologically innovative and ur-
banized country in the West. The maost plavsible
reasons for the comrelation are the standard Mar-
shillian enes: coomomically successful twwns at-
tract skilled workers, whose pooling stimulates
the growth of specialized intermediate-goods
imdustries; knowledge spillovers among firms
ingrease; and reliable knowledge improves amd
increases with use. This model fits well with the
evidence that premodern regional technological
leadership always followed commercial leader-
ship. with a certain lag (Karel A. Davids, 1993),

IV, Concluding Remarks

In conclusion, the main causes of low rates of
premodem innovation were the high information
and reproduction costs related wexperience-bused
knowledge. The principal source of diminishing
returns o techmcians” knowledge seems to have
been the poor interactions between dispersed
craftsmen and engineers, rather than the narrow-
ness of the premodern crafis” epistemic hase.

Although in principle tacit knowledge should
have raised the appropriahilite of rent streams
from invention, in practice appropriahility was
rather low, because the system of apprentice-
ship training and the use of a4 mobile skilled
labor force made 1t difficult Tor individuals to
proteet technical secrets. Patent laws were com-
menplace: bt mostly ineffective. Technical
knowledge within mdustrial regions or districts
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with mtegrated skilled labor markets was largely
shared. although only trained experns could un-
derstand 1t Technological transfer acress long
distances, however, was inherently rivalrous,
because it required nonlocal patterns of exper-
tise 1o successtully apply a foreign invention.

A distinctively European technological sys-
term emerged from the tate | 1th century, based
on crult-hbased apprenticeship tramming, non-
ascriptive membership of craft  associutions,
and, increasingly, competition among states for
skilled workers, These three clements defined a
set of necessary and sufficient endogenoss éon-
ditions for the accumulation, codification, and
circulation of rebrable echmeal knowledge (Ep-
siein, 2004bh1 However, the main direct source
of premodern technical innovation was the crafi
wuild, for three reasons: First, i enforced the
rules of apprenticeship against free-riding and
exploitation, Second. it offered institutional, or-
eanizational, and practical support o the mi-
orant apprentices, journevmen, and  masters
who transferred their technical knowledge from
one town and region of Europe o another.
Third. it supplicd incentives 1o invention thal
the patent system did not by enforcing tempo-
rary property rights over members’ innovations.
Motahly, only thefirst effect was the outcome of
deliberate policy: the other two were unin-
tended consequences of the club goods that the
cralt supplied s members.

Over time, the costs of technical dissemina-
tion fell in response (o erowing stare competi-
tion and urbamization. Urbanization provided
better opportunities for exchanging knowledge;
higher average quality of labor, a greater like-
lihood of matching skills w demand, and stran-
ger incentives for knowledge modeling and
codification. Although 1t s not a priori clear
whether high urbameation attracted skilled mi-
grants, or whether migration (driven by exoge-
nous factors like war) caused high urbanization,
the evidence ponts o the pnmacy ol the
former, pull factors, specifcally of urban com-
mercial success, Thanks to migration by skilled
warkers, cach new technological leader could
draw on the accumulated knowledge of its pre-
decessors; recombine it with the domestc
knowledee pool. and develop it further. [n these
circumnstances, it is pluusible that it would be
only a matier of time befere a process analogous
to the Industrial Revolution would take place,
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