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Introduction

This paper is an introduction to my PhD researcbjgot in which | present research
guestions, preliminary hypotheses and some ini@k. My project is connected to one of
the research groups within the larger SinergiagutagalledActeurs de la fabrique des savoirs
et construction de nouveaux champs disciplinait€seating and using “useful knowledge”
in small, industrialising European economies”. Tdim of the PhD research project is to
analyse and compare the role of knowledge ingtitgtiin transmitting and diffusing “useful
knowledge® for economic purposes in the mining sectors inl€Cand Norway A detailed
comparative case study of mining education andrale in building competence and
technological change processes in the two minimystries will constitute a part of the
comparison. The period of investigation is aroumel last decades of the nineteenth century
and the first part of the twentieth century, theiguk before and during which the two
countries diverged (see graph 1).

Technological change and innovation underpin modeonomic growth and are important in
structural changes in an economy, due to theiu@mte on production processes, efficiency
and productivity. Because of the intimate link beéw technological change and growth it is
relevant to investigate the sources of innovatiod aow new technologies are created,
transferred and spread when analysing economic trolifferences in technological
advance seem decisive when seeking to explaintiarsgain growth performance, and also
the standard of living among the world’s countries.

There are many non-knowledge determinants of groadlkh as resources, finance capital,
and market conditions. These factors should natriglerestimated, but in this project it is the
expansion and distribution of useful knowledge ibagxamined. Useful knowledge refers to
the knowledge supporting technology, meaning angwkadge that goes into production,
such as how to make and operate machinery and diovake technological improvements to
create economic value. The transfer and diffusionseful knowledge can be understood as
the expansion of capabilities or skills to creadapt, use, operate, manage and modify
technologies and that has the potential to incrgaseuctivity. It is argued that useful
knowledge needs to be analysed in an institutiee#ting and that knowledge institutions
were crucial in the transfer and spread of usefidwkedge. Knowledge institutions which
encouraged and supported circulation of useful kedge will therefore be used as the basis
for analysis and comparison.

Why is comparing Chile and Norway relevant? Whileil€ and Norway are different in
many respects, they also, perhaps surprisinglye tsnared significant commonalities. The
two countries in the periphery have faced similammunications and infrastructure
challenges and have had similar characteristicsteims of economic activities. In
geographical terms they are both long, narrow a@s)twith major mountain areas and long
coastlines with fiords and coastal islands. An ingoat point in relation to this research is that
both countries can be characterised as “resoussdbEconomies”. Historically speaking they
have developed many of the same natural resourc®rse such as fish, hydroelectric
capacity, different metals and mining industri@mbier and timber-related industries etc. and
they have based a large amount of their outpubnmecand trade earnings on the exploitation
of natural resources (and this is still the caBeth have had a large service sector, which is

! See next section for explanation
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often a characteristic of resource based econoMist is known as manufacturing or high-
tech industries have in both countries only invdleesmall part of the econorfly.

The two countries had quite similar long term gioyatterns until the 1930s, as seen in
graph 1. The strong set-back of Chile’s economynduthe 1930s crisis, however, changed
the balance between the two economies. From timet Norway started to move ahead of
Chile. It is important, however, to emphasise tGhtle has had considerable growth in the
last two decades and has grown to be one of thé deesloped countries in Latin Amerita.
Nevertheless, the overall question in this contexthat were the reasons for the divergence
between the two countries?

GDP per capita (1990 Int. GK $)
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1. Graph. Source: Angus Maddison, Historical Stiassof the World Economy: 1-2006 AD.

The end of the Denmark-Norway union in 1814 opamgdo a new political situation where
democratic and liberal ideas achieved breakthrougie parliament was composed by
representatives from a broad set of classes. Awritapt point in the Norwegian Constitution
of 1814 was that the role of the state was to rentbe obstacles for free competition. The
state withdrew from production of goods, with soexeeptions. Between 1839 and 1874 the
Norwegian parliament established new laws with d@ma of establishing equal access to
business and industry, as opposed to the old régjidiféerential treatment, and the system of
privileges were abolished. Equality before the Ianwd protection of property were
introduced® Norway was a poor country in Europe in the eightieeind nineteenth century
compared to other Western European countries ansl besed in a large degree on
agriculture> During the nineteenth century, however, there avaBange in production, use of

2 Bergh (ed.),Norge fra u-land til i-land: vekst og utviklingsjer 1830-1980 1983, p. 237; Braun, (ed.),
Economia chilena 1810-1995 Estadisticas historic300, pp. 31-33 and 220-222; Smith, “Innovatiomd a
growth in resource-based economies”,dompeting from Australia2007, p. 53; World Data Bank: World
Development Indicators (WDI) & Global Developmeimdnce (GDF).

% Blomstém, "Chilean Economic Development, 1880-79@0Blomstrém (ed.) Diverging Paths Comparing a
Century of Scandinavian and Latin American Econdbegelopment1991.

* Hodne (ed.)Norsk @konomi i det 19. Arhundr2000, pp. 137-141

® Bergh,Norge fra u-land til i-land: vekst og utviklingsjér 1830-19801983.
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technology, organisation etc. in almost every sedflore processed products were produced
such as textiles, soap, metal products, matchess, clmod products and also bigger
constructions such as buildings and ships etc. si@chl workshops played an important role
in supplying other sectors with machines from thiel-mneteenth century. Even so, the
manufacture sector’s share of GDP has been sé&t ® fder cent in 1860 and 30, 1 per cent in
1930. The natural resource sectors and servicesetbtthe largest shafeThere was also a
higher degree of processing in old sectors; infigtesector fish oil and flour increased from
the 1850s, in the timber sector cellulose and pgpeduction were introduced in the late
nineteenth century and the mining sector grew aethime more diversified with emerging
metallurgical and electrochemical industries frdme early twentieth centufyBy the mid-
twentieth century the country’s GDP grew to oversiVBuropean averagdeProductivity and
income in Norway are today among the highest in wuwld, even without the extra
contribution of the nation’s oil and gas sectdxfter World War Il Norway developed and
maintained a welfare state which sought to covealtheeducation and social protection for
the whole populatior® The country has in the last years been ranketlifirie world in the
UNDP’s World Development IndeX

Chile was also towards 1850, in essence, an ecoasgd on agriculture. The majority of
the population worked in big low productive haciadd as permanent or seasonal tenant
farmers. The haciendas represented a feudal systech controlled the majority of the land
and resource¥ Chile, in contrast to Norway, had a major concaitn of wealth in the
higher classes. The executive had strong powersdbiety was highly hierarchical and the
political power was concentrated in a small elitétaadowners and merchartsven so, it is
argued that Chile has, as Norway, long democradidittons. There is a general consensus
among historians that Chile consolidated slowly deratic institutions within a political
system of a high degree of stability during theeteenth and twentieth centuries. During the
nineteenth century Chile became influenced by {preideas, such as European, and
especially French; liberal ideas, encouraging eilutafree press and secular laws were
argued as importarit.In accordance with this view, during the twentiegmtury the political
system was gradually opened to the participationneiv social sector$. With some
exceptions the country was governed by constitatigrelected representatives and is in a
Latin American standard, the country with the lostgexperience with democracy (during the
period 1831 to 1973). When it came to private retet it has been argued that the state did
not intervene directly; however it supported andargnteed the leading groups and
industrialists often obtained exclusive privilegekater the state assumed a larger role in the
economy with the introduction of import substitutiondustrialisation (ISI) from 1939. The
state then became in a larger degree an investberployer and became a great source of

® Bergh (ed.)Norge fra u-land til i-land: vekst og utviklingsjer 1830-19801983, p. 237

" Hodne,Norsk gkonomi i det 19. &rhundr2000.

8 Maddison;The World Economy: Historical Statistjc2006, p. 264

° Fagerberg, (ed.), “Innovation-systems, path-depeoy and policy: The co-evolution of science, tetbgy
and innovation policy and industrial structure ismaall, resource-based economy”, 2008.

10 Smith, “Innovation and growth in resource-basesheenies”, inCompeting from Australig2007, p. 53

1 UNDP Human Development Report.

12 systems of production in large properties (plaoies).

13 Goma,Chile y su industrializaci6n 986, p. 44 andww.memoriachilena.cl

14 pinto,Chile, un caso de desarrollo frustradb959, p. 82

15 www.memoriachilena.cl

18 www.memoriachilena.cl

17 carmagnaniPesarrollo Industrial y Subdesarollo Econémico E4® Chileno (1860-1920),998, pp. 28-29
andwww.memoriachilena.cl
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credit for the private industrial secf8r From the mid-nineteenth century the country
developed industrial sectors based on advancecdhdbagy of the time, such as textile and
clothing production, ship building, brewing, canmpindairy production, mechanical
workshops, furniture production etc. These changer® part of a qualitative transformation
of the economy which saw an acceleration of ecoonamativities and the entry of various
goods and services in the marketn Valparaiso several industries flourished anel ¢fty
was often called the “Manchester of South AmeriéaThe manufacturing sector represented
less than 15 per cent of GDP before 1900 and 1lceet in 1930, which means that it
actually declined. Until 1953 it represented ldsant 20 per cent. Mining, agriculture and
services also here constituted the biggest pa@@®P>* From old economic activities based
on natural resources, such as timber, new procemerged, such as cellulose and paper
productions from second part of the nineteenthuwgnWine production started with small
guantities in the 1870s and became later a bigselhe mining sector grew and the country
became one of largest producer of copper in thédwdhese transformations acquired more
and advanced technology. However, there is a geagr@ement that Chilean industrial
development was modest, especially in comparisorEwoopean, North American and
Japanese developments of the tffhe.

Taking into consideration the two countries’ simtias in resources; why have the two
countries shown relatively big variations in terrab economic growth? What are the
underlying factors of growth in Chile and Norwayfaefe can be many reasons for this, and
this project investigates only some of the potém#ases. Did knowledge institutions play a
role in industrial development in Chile and Norwal/80o, how did this occur? What role did
they play? What were their purposes, objectivesiaupects? This work in progress will need
to be much further developed in order to provid®kid base for a productive comparison of
the two countries. The analysis is only superfiaiadl does not give an in-depth study. In this
sense no firm conclusions are given. My prelimindrypotheses are that knowledge
institutions played a crucial role in industrialvé®pment in the two countries; however
knowledge institutions in Norway encouraged tranafed diffusion of useful knowledge and
technological change in a larger degree than ineChiifferences in the role of knowledge
institutions are important when we seek to expthatwo countries’ different industrial and
economic development paths.

First | give an introduction of the theoreticalrfrawork. Subsequently a short description of
the two countries’ mining industries is given irder to have an overview of the development
of the sectors. Eventually | present comparablergimg knowledge institutions focussed on
mining in both countries and some initial work witgard to mining education.

Historiographical and conceptual contexts

This comparative research project takes as argggsbint the fact that both Chile and Norway
have in a large degree based their economy onnesbased industries. The investigation is
also placed within global history which starts wille question why some countries are rich

18 CarmagnaniDesarrollo Industrial y Subdesarollo Econémico E$® Chileno (1860-1920).998, pp. 28-29
19 see for example Ortega, “Acerca de los origenda ifeustrializacion chilena 1860-1879”Nueva Historia
afio 1 no. 2, p. 4 and Carmagnabgsarrollo Industrial y Subdesarrollo Econémico Ehso Chileno (1860-
1920),1998, p. 28

2 Goma,Chile y su industrializacign 986, p. 53

2L Braun, (ed.)Economia chilena 1810-1995 Estadisticas hist6rie@90, pp. 31-33 and 220-222

2 Ortega, “Acerca de los origenes de la indust@aiian chilena 1860-1879” iNueva Historiaafio 1 no. 2, p. 4
and PintoChile, un caso de desarrollo frustradi®59, p. 70
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and some are poor. | will in this section preséet general theoretical framework related to
my thesis.

Growth in resource based industries

It is often suggested that countries with econontiased on natural resources, such as
agriculture and minerals, grow more slowly than rdoes based on finished process
industries. It has been suggested that an abunadmadural resources generates sectors with
medium and low technological activities and low estpearnings, which subsequently leads
to slow growth. Due to the fact that importation ioflustrial goods is generally more
expensive, the resource based economies find tihegssien a vicious circle or a “resource
curse”’in which they are always in deficit. As a consedqerthis prevents the economic
progress that characterises industrialised cowntricholars often look to many Latin
American and African countries to find eviderféélowever, some of the richest countries in
the world, like Norway, Sweden, Canada, New Zeglahdstralia (and even the United
States) have had and still have an abundance afahatsources. Historically, resource
sectors have constituted large parts of the ecanastniictures of these countries, and have
been an important source of income for the stagthkSmith writes that:

“(t)hese small, open economies have rested tleieldpment paths on resource-based sectors, and out
of them have developed low- and medium-technologlustries that have driven growth within these
countries. This has been the case not only histityidut in many instances remains so toddy.”

Consequently we can determine that there are diftars in growth between countries with
natural resource abundance. Based on natural mEsjusome countries have developed
extensively and even progressed and transformedging the richest countries in the world,
while others still remain underdeveloped and re¢dyi poor. This leads to the question; why
do some resource countries succeed and otherPRiFerranti and colleagues propose that:

“... (the fact that Australia, Canada, and tBeandinavian countries succeeded by playing ta thei
resource strengths, suggests that success has léssvithwhat a country produces in particular, and
everything to do with the way in which it produde$®

In order to extract resources and develop resobased industries technology, innovation,
knowledge and learning processes are decisive. Tindlger argue that development in

resource based economies “...depend(s) on estalgishm environment that enables

innovation and the adoption of technologi€sMoreover, countries can adopt and develop
technology in different ways and in this sense tbay establish different knowledge bases
which in turn encourage specialisations. Olav Wicke this context states that resource
based industries should be analysed “... as dynamiepses which can evolve in different
directions depending on social and political cotdeas well as by decisions undertaken by
organizations and individual$™ The specialisations in knowledge are necessaryttfer

2 Different theories have influenced this way ofiting. For example the Prebisch/Singer hypothesis fthe
1950s which argued that the “resource curse” ddrivem the declining terms of trade between resesiand
manufactures; Sachs and Warner’s paper “Naturaures abundance and economic growth” introduced the
idea that resources inhibited growth; Neo-Schumfgtddeas about the sectoral structure of growtjuiag
that the key issue is that it is what you do, nowhyou do it, that matters. The basic and general
recommendation is to get out of resource basedstnds and low tech and focus more on elaborated an
processed goods and industries.
24 Smith, “Innovation and growth in resource-basesheenies”, inCompeting from Australig2007, p. 53
22 De Ferranti (ed.F-rom Natural Resources to the Knowledge Econ@@92, p. 52

Ibid., p. 52
2" Wicken, “The Norwegian Path Creating ResourcesBuiltling Enabling Sectors”, 2010, p. 2
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development of competitive firms and industries aad in turn lead to dissimilar trajectories
between economies.

Diverging paths

During the eighteenth and nineteenth century Ewmopeountries experienced an
industrialisation process which involved a widegarof transformations and technological
innovations in a number of sectors and activitigse societies went from being agrarian to
become industrialised. This advance involved ladpistments in the economic and social
structures and also the development of a glob@rdance which implied that some countries
(European countries, the United States and latpan)aexperienced sustained economic
growth with sustained innovation and technologahnge, while the rest of the world did
not. This “great divergence” and the fact that WMest took a step ahead and left the rest of
the world behind is being discussed by many schplaowever they have come up with
rather different theories as to the causes of taidtrial Revolution which, it is argued,
started in Britain in the mid-eighteenth century éater spread to other countries.

Various scholars, such as Margaret C. Jacob, Jo&lMKristine Bruland and others, have
began to focus on the knowledge behind the teclgreaibchange which formed the Industrial
Revolution. Kristine Bruland argues that:

“... however much growth may require capital accurtioiaand changes in the quantity and quality of
labour, its ultimate source is technological caliigbiCapital and labour can only be deployed abun
specific technologies, and the capability to ugerthSuch capability in turn is a function of leai of
knowledge accumulatiorf”

Margaret C. Jacob states that a “Scientific Cultarese in Europe in the eighteenth century,
particularly in England. People started to beliévat science and technology could control
nature and that science could make profits thraogirovements in productions. This belief
was supported by the political environment andwiek of scientists was encouraged. These
scientists were part of the Enlightenment and domied to an industrial mentality in
England. Other citizens from the elite startedlsaaib the scientific culture in the second half
of the eighteenth century, which implied that théture spread’ Joel Mokyr agrees with
Jacob to some extent, but suggests that histohawns not been able to support the idea that
the scientific revolution led directly to the Indrial Revolution. Focusing on informal and
unsystematic practical knowledge, as well scienkfiowledge, Joel Mokyr argues that what
was crucial to the Industrial Revolution was whatdalls the “Industrial Enlightenment".
His argument is that the divergence between thd Bad the West did not arise from
differences in resource endowments, as arguedkeomple by Kenneth Pomerafizbut from

a “knowledge revolution” that occurred in the Wesid not elsewhere. This expansion of
knowledge implied a deepening, widening and cittoiiaof useful knowledge supporting
technological change. Mokyr builds his argumentNmbel Prize winning economist Simon
Kuznets who in 1965 identified useful knowledgeaa® of the main sources of modern

2 bid., pp. 4-5

2 Bruland, (ed.), “Knowledge Flows and Catching-Wdustrialization in the Nordic Countries The Roles

of Patent Systems”, 2010, p. 1

%0 JacobsThe Cultural Meaning of the Scientific Revolutié888.

31 See Mokyr Gifts of Athena2005 and MokyrThe Enlightened Economy. An Economic History afBri
1700-1850 2009. He links the Industrial Revolution in Biit to the expansion of knowledge.

32 For different theories about causes of the “geisergence” and the rise of the West see for exampl
Pomeranz,The Great Divergence2000; Allen,The British industrial revolution in global persgie, 2009;
Landes,The wealth and poverty of natiqri998
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economic growtfi> According to Mokyr the most successful economiesng) the Industrial
Revolution were those in which connections betwiberpeople with different kinds of useful
knowledge necessary to make techniques, as weéleapeople with competence to operate
the technology, were the most well-organised arfitiefit. He states that the lack of
knowledge has been the principal reason why sesidtave been limited in their ability to
increase material wealffi.

In this context, it is important to have in mincathin smaller countries, such as Chile and
Norway, industrialisation, or industrial developremmplied acquiring foreign useful
knowledge, and not so much developing their ownas usually harder for smaller countries
to implement investments and research in the saegeed as industrial powers such as
Britain, Germany, the United States and Japan wtachpeted with each other in order to be
leader in technology. Therefore, technological gearand economic growth in small
countries normally implied the acquisition of fageitechnology and adjusting and modifying
it to local conditions. Whether countries succeedatching-up, industrialising and remaining
competitive depended to a large extent on theitsséind capacities to transfer and employ
foreign technologies. This is not just a matterbafying machines, however involves the
capacity to select, employ, modify and improve thensferred technology. The transfer,
diffusion and use of the useful knowledge needeatkielop and industrialise often took time.
The learning processes in relation to the use dinigues, adoptions and modifications of
technology etc. therefore did not necessarily tasunediately in economic growth. This is
important when seeking to explain technologicaingfgaand economic growth.

How did countries facilitate the creation, acquusitand transfer of useful knowledge?
Douglass C. North (and others) claims that a reguént for innovation is an institutional
framework which promotes, or at least not hindeht®logical change and learning. He
states that institutions determine transaction pratiuction costs in relation to economic
activities. There are lower transaction costs wimstitutions are efficient, and the costs are
higher when institutions are inefficient or a hiaxce to economic growth. Institutions are in
this sense as sets of rules which regulate econbatiaviour; they are the rules of the game
and include written laws and unwritten codes ofdwart which provide the framework in
which firms work. Institutions can therefore berfal and informal. North writes that:

“... history...[...]... is largely a story of institutionavolution in which the historical performance of
economies can only be understood as a part of @estgl story. Institutions provide the incentive
structure of an economy; as that structure evolveshapes the direction of economic change towards
growth, stagnation, or decliné>”

In this sense, institutional settings are importaiten aiming to explain differences in
economic development between countries. A largaeslod the literature analyses the
different institutional settings with regard to tiede of the laws related to property rights, the
enforceability of contracts, financial systems,efreentry and exit conditions, and the
framework for employment These institutions can be important premisesdohtological
change. Other scholars argue, however, that iscs r@levant to analyse institutions at lower
levels, such as technical societies, organisatmaisuniversities, among others, since they are
decisive for the transfer and diffusion of necegsand essential useful knowledge to

33 KuznetsEconomic growth and structur&965, pp.85-87

3 Mokyr, Gifts of Athena2005.

% North, “Institutions” inThe Journal of Economic PerspectivEsl. 5, No. 1., 1991, p. 97

% Bruland (ed.), “Knowledge flows and catching-ugustrialization in the Nordic countries: the rotégatent
systems”, pp 63-94
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industries. The focus on local knowledge institasianust be considered in relation to the fact
that industrialisation implied in many countriedb@ad process in which a wide range of
sectors and activities went through a processarfilag, change and growthThis leads to
the question: which institutions were involved riansferring, diffusing and distributing useful
knowledge in smaller, late comer, resource basadtoes?

Concepts and definitions

Technology and innovation

It is common to use a wide definition of technolodyechnology is usually seen as the
knowledge, methods, techniques and organisatiormlepses needed to produce goods or
services. The knowledge related to production iegpthe understanding and know-how that
are necessary to implement a production. Technologkier involves techniques which are
machines, tools, equipments and processes needadpioy, repair and modify these. The
organisation implies the administration, manageraedtcoordination systems through which
economic activities occur. These different aspettechnology are integrated in production
processes.

Innovation, on the other hand, means changes ipribatuction processes or the products and
services that are used. The way in which a produdervice is made is modified or the
output is changed. Modern economic growth is charsed by a constant transformation of
production processes and the products that areupedd This includes for example the
introduction of new machines, techniques, other hows of production, manners of
organising production, new resources and products.

Useful knowledge

In order to make technological changes new knovddadgacquired. Useful knowledge is an
analytical concept and a tool used to identify kiealge utilised for economic purposes. This
can involve all from abstract, theoretical and stifee knowledge concerning natural laws to
technical and engineering know-how, skills or etiper This knowledge is often “tacit”,
unwritten knowledge and can be difficult to expladmel Mokyr divides useful knowledge
into “sub-knowledges”, which all form part of th@dwledge involved in the technological
change and innovation processes. He makes threepuaits. Useful knowledge consists of
(1) “propositional knowledge” which is knowledgeaaib natural phenomena and regularities,
principles and natural laws (knowledge “what”, matdaws). (2) Useful knowledge also
consists of “prescriptive” or “instructional knowdge”, which can be applied to create
techniques (knowledge “how”, how things worH). is described as “sets of executable
instructions or recipes for how to manipulate neituin this sense, it consists of all the
techniques that has been developed based on piiopakiknowledge. The two aspects of
knowledge are connected together or based on etwr n the development of new
techniques and technological change processes. IBatWvledges serve as support for the
invention or innovation of techniques and the impdatation of them in productioMokyr
states that the distinction between propositional prescriptive knowledge is different from the
distinction between “science” and *“technology” arigetween “theory” and “empirical
knowledge”. He characterises propositional knowtedsg the knowledge that is discovered, while
prescriptive knowledge is related to knowledge thatvented Propositional knowledge can be
widely accepted, and in this case “right” or it da@ generally neglected, and in this case
“wrong”. However, prescriptive knowledge can leadtiéchnology which works or does not

37 See for example Bruland, "Kunnskapsinstitusjongr skandinavisk industrialisering” in Engelstad Jed.
Demokratisk konservatism@006, p. 249 and Bruland, “Skills, Learning and th&ernational Diffusion of
Technology” inTechnological Revolutions in EurqpE998, p. 167
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work, or functions differently and in better or werways. (3) Third, Mokyr argues that after

technology is implemented in production, useful wlemlge about how it is used, operated,
repaired etc. is needed. The workers can be tahghtecessary instructions needed for the
technique to work without knowing all about the Whedge needed to invent or innovate it;

Mokyr calls these skills “competenc& People in possession of different useful knowlsdge
can share each others information, interact, concater and cooperate in order to develop
new practices, methods and proditts.

Knowledge institutions

Knowledge institutions are institutional and orgational mechanisms through which useful
knowledge for economic activities are regulatedtamied, adopted, used, modified,
transmitted and distributed. These included forngpla education systems, intellectual
property systems and economic regulations. Knovdeidgtitutions can also imply formal

and informal local organisations such as scientd#itd technical societies, government
policies for travel and immigration, technical edtion institutes, prize systems, scientific
and engineering journals and magazines, indugixiaibitions, industrial espionage activities,
as well as the business firm.

An introduction to development in Chilean and Norwgian mining

sectors

The mining industry in Chile grew to be an impottatonomic sector (including gold,
copper, silver, coal, saltpetre, iodine and sulphtirepresented 12 per cent of GDP in 1860,
23 per cent in 1900 and 26, 4 per cent 1930: @et of the total labour force worked in the
industry in 1860, a little bit more than 3 per cenil900 and 6 per cent in 1930. This implied
21 367 workers in 1860, 35 551 workers in 1900 @&d18 workers in 1938.Workers were
frequently paid by salary in this sector, which waa$ common in this period in Chile. It has
been argued that the economic growth in the ninéteeentury was largely linked to this
sector’* A key metal for production was copper, but silvgold and coal also represented
important industries. In 1870 Chile became the ®sgjgexporter of copper in the woffd.
After the War of the Pacific (from 1879 to 1884orfr which Chile achieved the territory
which today is the Northern part of the countryg ttountry also became a large producer of
saltpetre (until WWI when the production went imdiesis due to synthetic saltpetre). New
technology was acquired and introduced to the imgdom the mid-nineteenth century such
as new types of ovens for smelting, steam engieéstric generators and transport
infrastructure, which improved products and proituct® However, in spite of some
technological progress Chilean scholars argue timatworking system in the nineteenth
century mining had not changed much since coldirias?** The techniques were primitive
compared to other countries and metal deposits mémed exclusively on the surface of the
metal deposits. Scholar underline, however, thatamded methods of the time were
introduced in the refining industry and infrastuwret even though the technology with regard

38 Mokyr, Gifts of Athena2005, pp. 4-12

39 Mokyr, Knowledge, Enlightenment, and the IndustRavolution: Reflections ofsifts of Athena2008, p. 2
“0Braun (ed.)Economia chilena 1810-1995 Estadisticas hist6rie860, pp. 31-33, 216-218 and 220-222

! CarmagnaniDesarrollo Industrial y Subdesarrollo Econémico®4so Chileno (1860-1920)998, p. 14

2 \www.memoriachilena.cl

3 Sutulov, “Antecedentes histéricos de la producaiéncobre en Chile”, 1975; Pint&xpansién Minera y
Desarrollo Industrial: un Caso de Crecimiento Aswo (Chile 1850-1914),1990, p. 109 and
www.memoriachilena.cl

4 Pintq Chile, un caso de desarrollo frustradt959, p. 47
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to extraction remained simpfe.From the first part of the twentieth century bigrdign
investments with advanced technology (British aratiNAmerican) permitted exploitation
also in low-grade miné®. A much deeper description of the technology that companies
used in the mining industry at any time is neededrder to understand the knowledge that
was acquired to operate them. How did companiesigethe technology they used? If the
Chilean mining lacked technology and the techniquese primitive, why was not the
technological level improved? Did it have anythingdo with lack of knowledge to transfer,
adopt and use it?

Metals and minerals have represented important ystamhs in Norway for centuries.
Essential metals in the nineteenth century weneessilcopper and iron, however sulphur,
nickel, cobalt, zinc, and others, also represemntggbrtant productions. It is stressed that the
metal extraction sector had stronger organisatiowarkers in the early nineteenth century
than other sectors and was a pioneer in relationddern system of salaries, as in Chile. Iron
works represented a capitalistic way of organisatith strong economic concentration of
power?’ The sector involving mining (not exclusively) repented 17, 8 per cent of GDP in
1865, 24, 3 per cent in 1890 and 30, 1 per ced®BO. In 1890 0, 6 per cent of total work
force worked in mining, in 1910 0, 9 per cent andl930 0, 6 per cent. This implied 4 400
workers in 1890, 8 100 workers in 1910 and it haduced to 7 200 workers in 19%50.
During the nineteenth century new smelting methodsjway transport and other
infrastructure, new explosives, steam enginesvetce introduced. The use of less efficient
and traditional labour intensive operations wasuced?® In the 1860s many mining
companies had problems and many were closed doater,Lfrom the 1870s and onwards,
new technology such as compressed air methoddingrinachines and other refraction
methods both in opencast and underground minesased productivity and encouraged new
productions. New technology based on electriciyrfrwaterpower was established from the
late nineteenth century and was important for aigtion and ore processing. The industry
represented a technologically advanced sectorjtdras been stated that for example Rgros
Copper Works was technically one of the most modeiming companies in Europ8.In
addition to metal extraction large-scale metallcagiand electrochemical industries and the
production of aluminium based on the generatioelettricity were established in the early
twentieth century? In Norway too, as in Chile, foreign companies,eesally German and
English, played an important role in the miningtsgcand in particular the in development of
the metallurgical industry after 1969.

Both countries developed new industrial activitieging the nineteenth century and had a
growing mining industry. Even though a deeper aialpf the techniques and technology
employed in the sector is needed in order to olztdotal overview of the companies and their
technology, it appears at first glance that thewégian mining industry developed to be
more technologically advanced than the Chileanosediiorway created a large scale
metallurgical and electrochemical industry, apadnf the metal extraction and refining

*5 Pinto, Expansién Minera y Desarrollo Industrial: un Case @recimiento Asociado (Chile 1850-1914990,
p.109

% Sutulov, “Antecedentes histéricos de la producalércobre en Chile”, 1975 and PinExpansién Minera y
Desarrollo Industrial: un Caso de Crecimiento Agatn (Chile 1850-1914)1990, p.109

*"Hodne Norsk gkonomi i det nittende &rhunda®00.

“8 Bore (ed.), "Fra handkraft til heyteknologi — noisdustri siden 1829”, 2008, p. 49

9 Nissen,Raros Kobberverk 1644-1971976, p. 188-201

%0 Carstens,..Bygger i Berge2000, pp. 94, 77.109

*1 Thue,Samarbeidets kraf2000.

%2 Carstens,..Bygger i Berge2000, p. 33
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industries, which indicates industrial diversitf.the Norwegian sector was technologically
more developed than the Chilean one, how was theessary technology and useful
knowledge acquired?

Comparable knowledge institutions in the mining seors

Can the technology and useful knowledge in the tmiaing sectors be linked to local
knowledge institutions? There are examples in W ¢ountries of apparently similar local
knowledge institutions which aimed to diffuse knedde and stimulate and promote
industrial development in the mining sectors. Twe tountries established mining societies,
research institutions, mining journals and minirdu@ation institutions. The institutions
presented here are apparently similar and compgriabthe sense that it seems they have the
same aim, namely encourage mining or promote tearsid diffusion of knowledge in the
two sectors. The list presented here is not exatusnd a further mapping of local knowledge
institutions is needed.

Several industrial societies were formed during rireeteenth century in both countries and
represented industrialists from various sectorsra specific industry. In many cases their
aims were to ensure industrial interests, createorks, discuss technological issues, and
promote education and industrial development. Mainthe societies were focussed on what
happened in foreign countries with regard to nestitelogies and industrial development. In
Chile the Institute of Engineers, established ir88,8represented Chilean professional
engineers and collaborated often with foreign eegiimg organisations in projects. The
National Mining Society which represented Chileainers was founded in 1883.The
Norwegian Society for Engineers and Architects fiasded in 1874. From around mid-
nineteenth century several organisations and ngeetaces emerged and represented forums
where technicians and engineers could exchangerierpes, discuss problems and acquire
information® The Norwegian Mining Engineer Association and tierwegian Mining
Industry Association were both established in 1900.

The National Mining Society in Chile published auséetter of technical, legal and gremial
character from 188%. The newsletter included descriptions about theeirsituation of the
national mining industry and that of other courdyiarticles about specific companies and
information about national and foreign technoloByscussions with regard to the national
and foreign mining education were also presentedughout this period® In Norway a
journal focussed on mining, the Journal of Chemiatrd Mining, started later than in Chile
and was also published from 1913 by the Norwegianilg Engineer Association. There
were examples of other mining journals before tla@ar; however, they stopped publishing
after a couple of publications. This journal preésdninformation about the Norwegian mining
sector as well as the situation in foreign miniregters. New technology and methods
available in the sector were continuously publisaad there were in this journal, as in the
Chilean one, articles about specific companies iaradso included articles about technical
education, and specifically the education focussedmining®’ Technical Journal was
published by the Norwegian Society for Engineerd Amnchitects (founded in 1874) from

%3 Villalobos, Historia de la Ingenieria en Child 990 and Urrutid,a Escuela de Minas de La Seren894

¥ Bruland (ed.), “Knowledge flows and catching-ugustrialization in the Nordic countries: the rotégatent
systems”, pp 63-94

% Urrutia, La Escuela de Minas de La Seren894

%% National Library in Santiago, “Boletin de la Satael Nacional de Mineria” 12A; years 1890-1940

" National Library in Oslo, NB/BRU, NAZ-film:"Tidsgfft for Kemi og Bergvaesen” years 1913-1940
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1883°% The Journal published was more general the mijoognal and covered also other

industries, however included specific informatidooat national and international technology
with regard to mining, new possibilities for deyahoent and discussions with regard to the
role of technical education, also mining education.

In Chile Chemical and Industrial Laboratory wasabBshed in Iquique in 1898. It provided
analysis, tests and services to the saltpetre anthgnindustry, among other sectors. It also
provided courses of two years in chemistry, chemaelysis, industrial chemistry and
others®® In 1858 the Geological Survey of Norway, a puldéisearch centre was established.
This institution was to provide research and knolyks data and information to authorities,
industries and others with regard to geology, nahegsources, sediments and ground water.
The Public Laboratory for Raw Materials was es#didd in 1917 and aimed to do research of
the country’s geological resources through chemacellysis. Geophysical Exploration Ore,
founded in 1934, used geophysical methtds.

Formal mining education was introduced relativedylgin Norway. The Mining Seminar in
Kongsberg was established in 1757 and was one effitet higher technical mining
institutions in Europe. In Chile, the Mining SchablCopiapo, founded in 1857, was the first
of its kind in Latin Americ&? During the nineteenth century and the early tveghtcentury
mining education was in Chile provided at mining@als near mines and at the University of
Chile and in Norway at the University of Oslo (frab821 to 1914) and from 1914 at the
Norwegian Institute of Technology.

We also find examples of students from differersicitilines studying abroad and returning
back to their countries after finished studiéBoth Chilean and Norwegian mining engineers
and technicians travelled and studied abroad, afteédermany and England. In Norway the
government granted stipends for Norwegian studerite wanted to study abroad, and
granted a total of 1006 travel stipends during geeond half of the nineteenth century, of
which 187 went to “mechanics”, according to Norveegscholar§? People moving around
may have contributed to knowledge and technologystiers. There were also many examples
of foreigners coming to the two countries to wohk. both countries British immigrants
constituted a big part of the work force in mangtses. For example in the Chilean coal
industry Scottish workers worked as technicians andineers from the beginning of the
nineteenth century. Also in copper production fgneworkers, often British, were hired
during the nineteenth and twentieth centutfeSerman professionals had a long tradition in
Norway and were often hired in Norwegians minesmfréhe seventieth century and
onwards®®

* Thue (ed.)Statens kraft 1890-1942006

%9 National Library in Oslo, NB/BRU, NAZ-film: "Tekmik Ukeblad” years 1883-1940.

0 Mufioz SierpeEnsefianza Universitaria y Técnica de Chile09, p. 31

® Carstens,..Bygger i Berge2000, pp. 72-73

%2 Boletin CentenaricEscuela de Minas de Copiap6 1857 — 198957, pp. 8-18; Carstens,Bygger i Berge
2000, p. 94 and 107; Sutulov, “Antecedentes histérde la produccion de cobre en Chile”, 1975t®Rin
Expansion Minera y Desarrollo Industrial: un Case @recimiento Asociado (Chile 1850-1914990, p.109
and NissenRgros Kobberverk 1644-1978976, p. 188-201

83 See for example Urrutiaa Escuela de Minas de La Serena Derroto de suge@ds 1992, p. 29 and
Bgrresen (ed.Bergingenigrutdanning i Norge gjennom 250 2007.

% Bruland et al., “Knowledge flows and catching-npstrialization in the Nordic countries: the rotéspatent
systems”.

% See for example Mazzei de Gradias britanicos y el carbon en Chil2924 and MillanL.a mineria metalica
en Chile en el siglo XI1)2004.

% Carstens,..Bygger i Berge2000, p. 86
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In order to understand the impacts and effecth®fknowledge institutions detailed analysis
of their role in transfer and diffusion of usefuidwledge is needed. So, | further ask: how did
the knowledge institutions develop and what wasntio¢ivation behind their establishment?
Did they encourage transfer and diffuse useful Kedge and if so, to what extent? What
role, if any, did they play in industrial and teological development? Underlying these
guestions is the focus on finding the similaritiasd differences between the similar
institutions in the two countries.

It is also relevant to ask to what extent the dgcigas able to take advantage of the
circulating useful knowledge? In order to underdtaow to use complex machines and read
technical manuals skills in reading (at least) tiwwgi and numeracy were often necessary. The
literacy in a country is in this sense a measurgrfrhow good a country is able to benefit
from and employ the available useful knowledge.l€had around 36 per cent illiteracy in
1950’ while Norway at the turn of the twentieth centiliiteracy was practically non-
existent and the country became top three in bieia Europe’® The fact that the Norwegian
population became literate long before the Chilem® does not explain how useful
knowledge was taken advantage of and used, howeiraplies that technical information
and useful knowledge eventually were easier disteith or spread in this country. Moreover,
it can indicate that the Norwegian population waserreceptive to absorb knowledge.

Mining education in Chile and Norway

The mining industries were important sectors intthe countries, and this makes it relevant
to further investigate how learning processes é&hmicians and engineers played out and
how they eventually influenced competence buildmghese industries. In this context it is
relevant to mention the mining education in thetebhiStates and its role in developing the
mining sectors. Paul David and colleagues arguentdtarral resources were exploited to a far
greater extent in this country than in other caestafter 1850 and that this was in a large
degree due to the fact that it became the leadicgtibn for education in mining engineering
and metallurgy in the same period. More than 2®@aishin the country educated mining
candidates from the 1860s to the 1890s. In 189&#& noted that the United States had more
mining students than any country in Europe, exégptmany. Mining engineers assumed
more and more managerial and executive roles wittnge firms. “The Mining and Scientific
Press”wrote in 1915 that “nearly every successful minamgeration, old or new, is today in
the hands of experienced technically trained nfériThe education system played in this
sense a role in developing the country’s miningustdy. The question here is if the mining
education in Chile and Norway encouraged competéndding in their respective mining
sectors, and if so, how? What kind of study wasiaied to prepare good mining workers?

In order to answer these questions it is relevanpresent a major debate with similar
characteristics which emerged in both countriess @kebate was about what shares should be
given to “theory” and “science” on the one hand gméctice” on the other. This issue was
related to the question: what kind of education waismal to get competent technicians and
engineers for industries? What should be include@aching?

7 Blomstrém (ed.)Diverging Paths Comparing a Century of Scandinaviam Latin American Economic
Developmentl991, p. 7 (De Ferranti (ed.) operates with 20ceat in 1952)

% Hodne (ed.)Norsk @konomi i det 19. Arhundr2000, p. 151

% David (ed.), “Increasing Returns and the Genefsisneerican Resource Abundance”, 1997, pp. 229- 231
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This matter was hotly debated in many countriethénineteenth and twentieth centuries.
However, it has not always been clear what was tri#agory”, “science” and “practice” and

if and how it was reflected in the curriculum. Taghout the nineteenth and twentieth
centuries technical schools and universities tatikrént approaches with regard to technical
instruction. Typically, they either focussed onqgti@e or on theory and science, yet with
some choosing to emphasise both equally. Many achadrgue, however, that several
European and North-American institutions changedatds science and theory in the later
nineteenth century. In the United States, for eXxamgducation in engineering had focussed
on apprenticeship as opposed to “formal” trainingscience and mathematics, however
started to focus more on science and mathematit®it880s and 1890s, although combined
this with practical exercises and experience ireotd obtain a “balance between theory and
practice.”* A similar trend has been identified for Europe, eneh many institutions
strengthened the share of science and theory asérled that of “practical training.” In
Germany, this was met by scepticism from contempEsawho argued in the 1890s that
technical education was “over-theorised” with anpbasis on mathematics and science.
Methods of demonstration, observation and experiatiem were not prioritised and visits to
industrial firms were, it was complained, “the omhgans of obtaining any impression of the
problems of engineering practic&One solution to such conflicting views was, fomso
colleges in Germany and England, to introduce kafooies, which combined “theoretical
analysis of machines” with practical “experimentairk.””® Why did colleges take different
approaches to technical education? There were leldly many different factors involved;
however, it has been argued that the differentdgtaimts reflect different opinions with
regard to how better to solve technological proldeBome believed that technical problems
were solved by applying scientific theories, methadd instruments, others thought solutions
were practical in nature, and often emphasised wieg economically and practically
viable* In Chile and Norway, how were the technical andjieering mining studies
designed? How was the curriculum organised? Wa tAey communication between the
universities/schools and industries, and if so, iveas this reflected in the courses? Were
there any changes over time?

In Norway mining education was transferred to theiversity of Oslo in 1821. The
University took a theoretical and scientific apprioawhile practical instruction was located
to the country’s silver mines at Kongsberg, a si@lin 87 km east of Oslo. While in the
eighteenth century the aim was solely to educatgnerrs for mining, the University now
had a twofold objective; to provide the countryhwitxperts in mining and researchn this
sense, the role of the engineer expanded to inchetEntific research in mineralogy and
geology. The study accordingly included a wide mnfsubjects such as physics, chemistry,
advanced mathematics, geology, mineralogy and heggl The students worked in
laboratories and went on excursions to learn algmdlogical conditions and mining
companies. It was argued that after the studytidests must be able to read maps of mines
and geological findings, draw their own maps, syrgeological findings and mines, handle
instruments to find mines, know how the most imaotrtmachines used in mines operated
and the laws that applied to minifgPerhaps surprisingly, in the 1860s criticism artbee

O Harwood, “Engineering Education between ScienakRnactice: Rethinking the Historiography”, 2006

bid., 2008, p. 56

2 Fox (ed.) Education, technology, a industrial performancéimope, 1850-19391993, p. 76

Zj Harwood, “Engineering Education between ScienckRuactice: Rethinking the Historiography”, 200659
Ibid., p. 54

> Blom, Fra Bergseminar til teknisk hgyskplk957, p. 132

® Bgrresen (ed.Bergingenigrutdanning i Norge gjennom 250 2007, pp. 39-41
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there was not enough emphasis on practical subjEleésnewspaper Morgenbladet published
articles by an anonymous mining engineer who arghatinstruction was “only theoretical”
and that no “practical exercises” were carriedawing the study. The course was too much
dominated by advanced mathematics at the expensenaig construction, metallurgy, the
study of mines and other “practically emphasisdujexis”. He referred to mining candidates
who after four years of study arrived at the Koreggbsilver mine to start the practice were
not able to “...climb the mining ladders or not ewerhold a mining lamp without burning
their fingers.” This, he held, was why half of thiedents who graduated soon turned to other
professions, and leading positions at mines wdledfiby foreigners or people with only
practical experience. In his opinion, the miningnadidates were better suited as professors
and scientists than for industry. Other mining eegrs suggested, in the same newspaper,
that the requirements in mathematics should becestitand that the practice period at
Kongsberg should be extended. Some changes wer im#te curriculum, ten years later in
1870; the study on machines was introduced andtieunt of mathematics in exams was
reduced. One year later it was the students theeselho wanted reform. They requested
changes in the University regulations to allow foeore practical assignments. In 1872 the
Kongsberg miners’ union suggested that teachingldhioe carried out by mining engineers
with practical experience “...so that students cogéd in close contact with the practical
aspects of mining.” As it happened, both requestewlenied by the University.

So far the participants in the debate on “theorsswg practice” in mining education were
engineers, students and industry on the one hah¢hanUniversity on the other. Still, after a
further debate in the press, the Ministry and d#ife departments of the University became
involved at the end of the 1880s. The result wasew system of examination based on
assignments in mechanics, practical geology andrdabry analysis, in addition to four
months practice at different sections of a minidgnp and a “technical test” after the
practice’® In other words, the argument in favour of morecfice won through after the
debate had been raised to the political level. Goegpto the late nineteenth century trend in
northern American and European technical educatwbich saw an increased role for science
and theory mentioned above, we find in Norway aposjie tendency.

However, in 1914 when mining education was movedthe Norwegian Institute of
Technology (NIT) in Trondheim things changed. Asl ieeen the case at the University of
Oslo, NIT was to educate students as scientisteagoheers with the aim to prepare them to
be leaders in Norwegian industry. There were seminghich included practical and
experimental assignments, but most historians \eelibat the practical engineering subjects
of the mining study were in fact accorded lowetusaln this sense, theoretical subjects, such
as mathematics, physics and chemistry were givemitgrand scientific achievements were
emphasised most. Moreover, NIT admitted that ebewndh this was a profession -oriented
study, or vocational education, graduates weraeaedy for their profession, in the same way
journeymen weré’ This comes close to an admission that the carefidattually needed
more practice in order to work and function as mgniechnicians. Historians argue that there
was a general divide between professors at the aid industry. Often professors’ sole
concern was science, while industry was concermoédonbreak with practice. Some teachers
emphasised that even the most practical industhamist would have a lot to gain from

"My translations: BlomEra Bergseminar til teknisk hgyskpole957, pp. 140-142, 148-149 and 152-156
Bbid., p. 154

¥ Hanisch Vitenskap for industrier.985, pp. 149-176; Brandt (edTyrbulens og Tankekraft Historien om
NTNU, 2010, pp. 108-110 and Bgrresen (eBexgingenigrutdanning i Norge gjennom 250 2007, pp. 52-53,
60 and 103
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methodical research and learning how to presenk wopublishable form. Contributors to
the Technical Magazine, published by the Norwedtagineer and Architect Association,
expressed concerns that instruction in engineexiag) too theoretical. There are examples of
mining students complaining about a lack of practi€or instance, one graduate stated that
the curriculum was far removed from the practicarkvstudents were confronted with later,
when employed in the mining sector. The first yeafser college were therefore
“disproportionately difficult.” The debate thus gad on into the twentieth century at the
NIT, as at the University of Oslo, and it becamesigment in explanations of why the NIT,
in the first decades of its operation, found ifidiflt to live up to its goals and role of pioneer
to industry.

In Chile education in mining was, from the mid-rigenth century, given at the University of
Chile and at technical schools in towns near copmpaes. The mining schools were intended
to provide more practically oriented education thia University. Instruction at the Mining
School of Copiap6 included geometry, history, Splanmathematics (advanced mathematics
was removed from the curriculum in 1896), geograamg chemistry. The course in industrial
mechanics included construction and use of pumpseatraction machines, foundries, and
methods of mining exploitation. Excursions to mimesge a part of the study and the students
did six months practice working in mines as if {theere employees®® The Mining School

of La Serena had a laboratory and instruments thighcapacity to do analyses of minerals
and the director informed in 1892 that smeltingndges had been installed in order for
students to “learn by doind™ Nevertheless, in spite of these incentives andticed
exercises and trips for the students, members ftenNational Mining Society argued in
1902 in the Mining Newsletter that the educatiothatmining schools should be “intensified
with exercises of processes used to exploit theerala.” Accordingly, three years later, it
was decided that the three year mining study shda@d‘eminently practical” and that
theoretic classes should be limited to six monflie students were to do tests of minerals,
mills, foundries, concentrations, mine surveyingd atopography® This reform was
apparently not enough; the director of the Minirap&l of La Serena stated in 1912 that the
reform in mining education had focussed too muchhaory without “practical utility.” He
argued that practice and working methods were baeglected. Students took “technical
exams” but graduated without knowing how to opelagruments or how to manage an
installation. He stated that one should not conftlassroom learning with “technical visits”
to mines and foundries and suggested that all thengischools should acquire a mine for the
students to exploit. Following this line of thoughen years later, the professor and civil
mining engineer G. H. P4ez suggested in the magadhmernational Engineering” that in
order to improve mining education professors otht@cal courses” should have experience
in their fields of teaching, and that a period bfigatory practice for the students, of some
months, should be implemented before they werengibeir title. This, he said, would
encourage more contact with the mining indugitythe beginning of the twentieth century it
was argued that there was a gap between the parfakstudies given at the institutions and
the practical training which was needed in the ngnindustry, and that technical studies
therefore were lagging behind in encouraging pradecctivities®® These examples show

8 villalobos (ed.) Historia de la Ingenieria en Child 990, pp. 158-159; Boletin Centenaffitscuela de Minas
de Copiap6 1857 — 1957957, pp. 7-8 and 12

8 Urrutia, La Escuela de Minas de La Sere©@92 pp. 89-91

8 bid.., pp. 89-91

8 Boletin CentenaricEscuela de Minas de Copiap6 1857 — 19857 p. 5 and Urrutial.a Escuela de Minas
de La Serendl992 pp. 29, 89-95 and 100
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that the technical schools, which in principle weydocus most on practice, were criticised
for the lack of practice and experimental exercises

Engineering studies was also provided at the Usityeof Chile. The head principal in 1867
pointed out that the study should avoid extremeth wegard to practical and theoretical
teaching, and promoted a mix of the two. He st#hed if the knowledge was limited to only
being practical, it was weak, and if it was onlhyncentrated on theory and abstract concepts,
it was too “sterile” and could not be taken advgetaf. A wide range of courses were
offered, such as high level mathematics, linear geametric drawing, topography, physics,
geometry, topography, mineralogy, operation of mjngeneral and particular metallurgy,
electro-metallurgy, bridge building etc. The studehad to do laboratory work, had a
practical test after completing their courses, ktdr, in 1919, it was decided that students
were not allowed to start the last year of studtheut having worked for six weeks during
the preceding summer in metallurgical industriableshment$?* Practice undoubtedly was
included, but even so a contemporary writer claijmadthe mid nineteenth century, that
although graduation from the University was morespgious than from the technical
schools, few of the students actually worked asinemgs in the Northern mines after
graduation and almost all the copper mines werebledpractical miners.” He argued that
practice was more important than “science” and dté in the mines; a good miner with
practical experience and understanding could perforore efficiently and use tools better
and with more accuracy than an engirf@dtven though this does not cover the whole period,
we have examples of how much emphasis was putamtige in the mining profession. It is
often held that excessive focus on theory, un#l tinst decades of the twentieth century,
meant that the engineering studies had problem& wadapting to the reality in the
industries® Can this debate be related to the role of minimigication in industrial
development? If Chile’s backwardness in terms ofing technology was in any way related
to mining education, did the call for practicallrat than theoretical knowledge play a part?
To test such a hypothesis requires more reseaechaps in particular on the career paths of
graduates from Chile’s higher educational insiiai in mining.

If we look at the meaning of “theory” and “scienaepossibly was meant theoretical courses
based on learning scientific theories in advancathematics, physics, chemistry and others,
and “practice” were practical courses that involyedctical and experimental exercises and
technical and industrial training. Simon Kuznetgued that both the “theoretical level of
scientific work”, meaning observations as well aatmematics and logic, and “practical
work” were involved in technological change proe=s$§ Joel Mokyr is one of many
historians who find the term “science” unhelpfulemhdiscussing technological change in the
eighteenth and nineteenth centuries. To him, usefolwledge was mostly “unsystematic and
informal,” and being “practical” was of great impamce. However he does, together with a
host of historians, give science a much larger irokbe second half of the nineteenth century.
It is often held that in industrial leading couasj for instance Germany, scientific knowledge
was a main contributor to encourage the countrg’'sdévelop into becoming a major
industrial power. Such knowledge was recognisedrasial for the development of major

8 Sierpe Ensefianza Universitaria y Técnica de Chl809, pp. 11-12; Urrutid,a Escuela de Minas de La
Serenal992, p.33; Villalobos (ed.)Historia de la Ingenieria en Child 990, p. 159 and Mellafe (edHistoria
de la Universidad de Child992, p. 123

8 Aracenal.a industria del cobre en las provincias de Atacam@oquimbo y los depdsitos carboniferos de
Lota y Coronel 1884, pp. 326-327

8 villalobos (ed.).Historia de la Ingenieria en Child990, pp. 158-159

87 Kuznets Economic Growth and structur&965, p. 84
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innovations, and this was why education changedatdsv theory and science in these
countries.

Technological change and economic growth in smalintries relied perhaps, as we have
seen, more often on the acquisition of foreign mebdbgy, and in order to industrialise they
needed to develop the skills and competences tfousign techniques and adjust and modify
them to local conditions. This required practiceeb this mean that there was less need for
theoretical learning and scientific research inl€and Norway? If we take a closer look at
the critical voices in the debates we can clagsi§m as students, professors and principals,
engineers, industrial organisations and contemgonaiters. At this stage it is difficult to
generalise, however all of the debaters critictbedinstruction for having too much emphasis
on theory, and interestingly there are no exampfesiticisms of the curriculum being too
focussed on practical subjects. Some refer to haok lof practical experience hindered
graduates to work successfully. This suggests phattical knowledge was important. It is
possible that the hands-on practical skills thatrining workers should acquire, according
to these debaters, can be related to what Mokys tedbmpetence,” which is the ability to
implement instructions of prescriptive knowledge imdustry. In his discussion of the
Industrial Revolution he says that in order foreahinique to work skilled workers did not
need to know all about the knowledge underlying tireation and formation of the
technology®® So, what was perhaps just as important, or pgssitdre important than the
useful knowledge needed to invent the machinerg, thia ability to operate the machines in
the mines and maybe modify and adjust them to l@cadditions. These included the
equipment to extract the metals and minerals aedntachinery used in foundries, among
other things. In this sense, to make use of andagerioreign, new technology in mines,
maybe it was unnecessary too know very much ab@hematics, chemistry and physics?
Can it be that for this reason the focus on sdientsearch and theory was less valued in the
two countries? | need further to explore researakenal in order to fully reveal the different
aspects of the mining education, its role in thédng of competence and development of
these sectors in Chile and Norway and the diffexsretween the two countries.

The research project

This project seeks to examine the role institution®conomic development. This will be
done by examining apparently similar knowledge itagons, which were principally
concerned with transferring and diffusing usefubaedge, and their role in the development
of the mining industries in Chile and Norway. Thigplies analysing:

1) the technological changes, innovations and usefdwkedge in the two mining
sectors and changes over time

2) how the knowledge institutions were created and thms

3) their interactions and relation with other insiibuats, people and societies

4) their impacts and effects with regard to the tranahd diffusion of useful knowledge.

These points must be further analysed for two aesin order to be able to compare them
and reveal eventual differences. My preliminarpdtheses are the following:
- Knowledge institutions played a decisive role inilding industries in the two
countries
- The Norwegian knowledge institutions played a mianportant role in transmitting
and diffusing useful knowledge than the Chileansone

8 Mokyr, Gifts of Athena2005, p. 14
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The Norwegian education system contributed in geladegree than the Chilean one
to competence building, technological and indukéiitvances in the mining sector.
These differences are important when we seek ttaexthe two countries’ different
economic development paths.
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