Science–Technology Relationships in the Work of
ICOHTEC
Alexandre Herlea
In the more than forty years of its existence, ICOHTEC has been an arena in
which the topic science–technology relationships was and still is largely present.
This often discussed topic has a special place and plays a particular role in the
History of Technology field. The technical and scientific aspects, as well as the
economic, social and political ones are present in many papers delivered in
ICOHTEC symposia. They are often case studies, but also broader studies with a
holistic approach. Science–technology relationships are present in all technical fields,
including energy, materials, information and communication, transportation,
machines and machine sciences, medicine, military technology, scientific instruments, etc. They concern research, invention and innovation, production, trade and
education, as well as the individuals and institutions involved in these fields and
processes. This essay dealing with science–technology relationships in ICOHTEC’s
works is not exhaustive, but it allows a general view concerning ICOHTEC’s contributions in the field.

INTRODUCTION

Relationships of science–technology have been a prominent topic in the history of technology from the very origin of the field even before its birth. Jean
le Rond d’Alembert, in the introduction to the Encyclopédie stated: ‘When
you are reflecting on the links between the discoveries it is easy to realise that
the sciences and the arts are supporting each other and consequently that
there is a chain which unites them.’ Lucien Febvre, in his manifest (published
in 1935 in Les Annales) for the establishment of a new branch of history,
called for three necessary steps: development of a technical (internal) history
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of technology, of a history of science–technology relationships and of the
integration of these two approaches into a broad economic and sociopolitical history. More recently, in 1994, Paul DeHart Hurd, professor at
Stanford University, School of Education, made the following statement on
the relationships between science and technology: ‘Science is a tool for
generating new technologies and technology is a means for extending the
frontiers of science.’
It should be emphasised that the borders between science and technology
are permeable and do not strictly reflect reality. Quite often, the links
between these two disciplines are so strong that their separation is artificial.
The distinction between fundamental science and technology is based
mainly on the aims of each: fundamental science has in view knowledge,
whereas technology has in view efficiency and ability to accomplish tasks.
This distinction is less clear in the case of what is called applied science
(scientific theories and discoveries used in the world of technology) and, particularly in experimental science (which studies technical devices with the
aim of improving them). It is from the merging of these two approaches that
engineering science arises and that theory and practice blend, which is essential to the progress of technology.
Science–technology relationships are present in all technical fields: energy,
materials, information, transportation, industry, agriculture, medicine,
biotechnology, time measurement, etc. They also concern research, invention
and innovation, production and trading, education, medical care, administration, etc., as well as the individuals and institutions involved in these fields
and processes. At the beginning of the development of science–technology
relationships, the approach was an internal one based on the history of
science model that already existed and was well established. But with the
maturation of both the history of technology and the history of science, new
approaches concerning science–technology relationships integrated social,
economic and political factors. Several sections of the International Union of
History and Philosophy of Science (IUHPS) – physics, chemistry, scientific
instruments, astronomy and teaching – have important interfaces with the
International Committee for the History of Technology (ICOHTEC),
especially in science–technology relationships.
It must also be emphasised that, if there were some links between science
and technology before the seventeenth century, their development really
started after the establishment of modern Galilean science, only becoming
sustained in the second half of the nineteenth century. Until then, with some
exceptions, science and technology experienced a parallel way of development, but later technology started to be seen as applied science (the philosophy of Auguste Comte had its influence). This last approach was still
active after World War II, even if it was gradually given up by a large number
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of historians of technology. Science contributed to technological development through the transfer to ‘technology’ of its intellectual ‘style’, by improving it and providing the theoretical basis for the creation of new technologies
and technical devices (applied sciences). Technology assists science by the
fabrication of scientific instruments (‘nothing contributed more to the
advancement of knowledge than the creation of a new scientific instrument’
said Humphrey David at the beginning of the nineteenth century), and by
creating artificial facts and objects which science can investigate and contribute in the process to the progress of knowledge.
ICOHTEC AND SCIENCE–TECHNOLOGY RELATIONSHIPS

Before the establishment of ICOHTEC in 1968, science–technology
relationships were analysed and debated in the congresses of IUHPS, especially the Division of the History of Science (DHS), where it still is an
important subject of discussion. It is symbolic of the importance of science–
technology relationships in history that, because of a proposal made by
ICOHTEC, the name of the DHS was changed in 2005 to the Division of
Science and Technology (DHST). It is therefore natural that the topic of
science–technology relationships has had a privileged place in ICOHTEC
symposia and has surfaced in almost all of them, regardless of each symposium’s main theme. The papers presented on this topic over the years have
mainly been case studies concerning various science and technology fields,
but we can also find more general, holistic ones concerning the science–
technology relationships. The different approaches deal with the internal
technical and scientific aspects of these relations and with the economic,
political and social ones, as well. Because of the existence of the Scientific
Instruments Commission of the IUHPS Division of the History of Science
and Technology (DHST), which focuses specifically on scientific instruments in the history of science, this specific field, of great importance in the
science–technology relationships topic, was seldom the subject of an
ICOHTEC symposium paper.
Rather than to try to exhaustively cover all the papers presented by
ICOHTEC members in the area of science–technology relationships at
ICOHTEC and DHST meetings, this article is based on a significant
number of them regrouped in two categories: (1) case studies concerning different technical and scientific fields, such as energy (hydraulic, thermal,
combustibles, electricity), materials, information and communication,
machines and machine science, medicine, transportation, military and scientific instruments; and (2) broader studies dealing with (a) research laboratories and education and (b) holistic studies concerning science–technology
relationships. The selection of papers is made in terms of their overall
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importance to the field in general and of their representation of and importance in the aforementioned categories.1
Three ICOHTEC symposia specifically were focused on science–
technology relationships: the meeting in Dresden in 1986, which was
devoted to the relations between technology and the engineering sciences;
the large ICOHTEC Symposium on ‘Science–Technology Relationships’ in
Paris, 1990, which broadened the debate in all its various aspects and the
extensive session on ‘Materials: Research, Development and Applications’,
Liege 1997, which deals with science–technology relationships in the field of
materials.2 In addition to the papers delivered in these three symposia and
published in their own proceedings, science–technology relationships papers
have appeared in symposia with different general themes, published in other
ICOHTEC proceedings and ICON: Journal of the International Committee for
the History of Technology.
ICOHTEC’s 1970 symposium, ‘The Acquisitions of Technologies By the
Non-Initiating Countries’, held in Pont-à-Mousson, France, was attended
by many well-known scientists, among them all the founding fathers of
ICOHTEC. Science–technology relationships played an important part in
the symposium, beginning with D. Cardwell’s paper: ‘Power and Textiles
in the Industrial Revolution’. He reiterated that Francis Bacon classified
inventions in two categories (the scientific and the empirical), he analysed
science–technology relations and emphasised that sciences like mechanics,
hydrodynamics and heat were fundamentals for the development of
hydraulic and steam engines during the eighteenth and nineteenth centuries.
A notable scholar within the history of thermodynamics and thermal
engines, from James Watt’s steam engine onward, Cardwell made the essential observation that the history of thermal engines must be divided in two
parts: before and after. He and Sadi Carnot analysed both of the periods and
thereby introduced the complex relationship between thermodynamics and
thermal engines.
CASE STUDIES
Energy

Cardwell’s paper in Pont-à-Mousson serves as a good introduction to our
first category of case studies: ‘Energy’. Altogether thirty papers have been
delivered over the years in this category: three on hydraulic energy, fifteen on
thermal engines, six on fuel (petroleum and coal), four on electricity and two
on nuclear energy.
The papers on hydraulic energy included: J. P. Deleage, ‘Hydraulics in
France in the Nineteenth Century: Conditions and Consequences of the
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Turbine Invention’ (Lerbach, Germany, 1984); G. Emptoz, ‘Relations entre
Technologie et Sciences de l’Ingénieur, le Cas de Pierre-Lucien Fontaine
Constructeur Mécanicien’ (Dresden, GDR, 1986); and T. Hänseroth, ‘Zur
Rezeption und Fortbildung bau und Hydromechanischer Theorien in
Deutschland in 18 und frühen 19 Jahrhundert’ (Dresden, 1986). Each author
took into account the economic and socio-political aspects of their topics as
well as the scientific and technical ones.
Among the papers delivered on thermal engines, those in the minisymposium focused on Gustav-Adolphe Hirn (1815–1890) at the 1990
‘Science–Technology Relationships’ Symposium in Paris particularly stands
out. Hirn was a significant French physicist, mathematician, astronomer and
engineer with main contributions not only in the development of the
sciences and technology – especially thermodynamics and steam engines –
but also in philosophy. Around 1870, he established the so called ‘experimental theory of steam engines’, which completed and corrected the ‘generic
theory’ established previously by William Rankine (1820–1872). Hirn tried
to establish an ‘experimental metaphysics’ largely based on the thermodynamics laws, and he was an important representative of those who thought
that science would explain and solve all the world’s problems. There was a
strong link and coherence between his philosophical, scientific and technological works, which were, for a long time, insufficiently studied and to which
these ICOHTEC papers made an important contribution. These included
the papers by J. Payen (‘Les sources scientifiques de l’Analyse élémentaire de
l’univers de G. A. Hirn’) and by P. Gire (‘Remarques épistemologiques sur
quelques textes philosophiques de l’oeuvre de G. A. Hirn’), both of which
analysed Hirn’s philosophical work. Another by J. Payen (‘G. A. Hirn, 1815–
1890’) and especially one by H. Tachoire (‘G. A. Hirn: Relations entre le
développement de la thermodynamique et ses premières applications industrielles’) analysed Hirn’s scientific and technical works.
Other papers in the Hirn mini-symposium focused on steam engines,
especially steam locomotives. B. Escudié (‘Les continuateurs de G. A. Hirn
et l’étude des locomotives; l’influence des appareils de mesure’), after emphasising the practical importance of Hirn’s ‘experimental theory of the
steam engine’ and of the invention of superheating, analysed the work of
Hirn’s collaborators and successors, such as the French engineers, great specialists of steam engines George Leloutre (1858–?), Octave Hallauer
(1842–?), Joseph Nadal and André Chapelon (1892–1978). In another paper,
J. M. Combe (‘Benjamin Normand et ses contemporains: la double expansion appliquée aux machines marines et locomotives’) presented Benjamin
Normand, Pierre Vernier and Anatole Mallet’s building and improvement
of compound maritime and locomotive steam engines, which used an
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intermediate chamber and employed reheating between the high-pressure
and the low-pressure stages.
G. Carpanter (‘Quelques considérations sur André Chapelon et autres
continuateurs de G. A. Hirn’) considered some proposals made after the
Second World War by Chapelon and the Argentinian engineer Livio Dante
Porta (1922–2003) for a modern steam locomotive. N. Garcia-Tapia presented the last paper at the Hirn mini-symposium (‘Les premières applications de la vapeur: le cas de Jeronimo de Ayanz’), in which he analysed the
patent of 1606 obtained by de Ayanz for his invention of a steam engine for
the extraction of ground water in mines. This was the first known steam
engine created for this use.
In the field of the thermal engines, A. Herlea presented at the 1986
Dresden symposium the paper ‘Naissance et évolution de la théorie des
moteurs à combustion interne’. It dealt with the thermodynamic and
mechanical aspects of the birth and evolution of the internal combustion
engine theory (‘generic’ and ‘experimental’) that was built between 1880 and
1910 on the model of steam engine theory. The founding fathers were the
famous engineers Aimé Witz (1848-–1926) and Gustave Richard (1849–
1912) in France, Dugald Clerk (1854–1932) and Bryant Donkin (1835–
1902) in England, and Ernst Körting (1842–1921) and Richard Schöttler
(unknown) in Germany. I insisted on the relationships between thermodynamics and thermal engines, as an example of science–technology
relationships.
In the field of electricity, several papers were delivered at the ICOHTEC
symposium in Dresden that brought interesting contributions to the understanding of science–technology relationships: J. C. Williams, ‘Regional
Development in the Technical Sciences in California’s Electric Power
Industry, 1890–1920’; W. König, ‘Elektrotechnik – Entstehung einer wissenschaftlichen Disziplin’; P. Schubert, ‘Zur Genese der energetischen
Electrotechnik’; W. Schreier, ‘Wechselwirkungen zwischen Elektrophysik
und entstehender Elektrotechnik auf dem Gebiet der Magnetismusforschung von 1830 bis 1880’; and ‘B. Sorms: Technische Elektrochimie
zwischen Naturwissenschaft und Verfahrungsentwicklung’.
Concerning fuel, three papers presented by A. W. Giebelhaus were particularly significant: ‘Economics, Law and Development of Petroleum
Engineering’, presented in Dresden; ‘The Emergence of Applied Chemical
Thermodynamics in the American Petroleum Industry’, presented in Paris in
1990; and ‘The Emergence of the Discipline of Petroleum Engineering an
International Comparison’, published in ICON in 1996. All of these papers
emphasised the socio-economic and political factors in the development of
science and technology in the frame of petroleum engineering.3 This
approach was used as well by A. N. Stranges in his papers ‘Friedrich Bergius:
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Scientist and Industrial Pioneer of High-Pressure Coal Liquefaction’, presented in Dresden in 1986, and ‘William Francis Giauque: An Adventure in
Low-temperature Thermodynamics’, presented in Paris in 1990. Finally,
I. J. Slater used a similar approach based on economic and political factors in
his ICON article: ‘Atomic Energy Canada Limited and Next-generation
Nuclear Reactors’. He noted: ‘the nuclear industry as a whole must be ready
to prioritise alternative reactor design if they hope to make changes.’4
Materials

In the field of materials, the ICOHTEC case-study contribution to science–
technology relationships is rather rich. The fifteenth volume of the proceedings of the IUHPS congress in Liege, Belgium, is entitled ‘Materials:
research, development and applications’, and groups together nineteen
papers, several quite original and important in the field. Most cover the nineteenth and twentieth centuries and deal with zinc, aluminium, iron and steel,
glass, porcelain, plastics and ceramics. Several papers concern the relationship between research at technical universities and industrial firms. The following titles are worthy of mention: ‘High Speed Steel, One of the Most
Important Contributions of the Steel Industry to Machine Building in the
Last 100 Years’, by F. Toussaint; ‘La métallurgie du soudage en France dans
les années trente, vers une approche théorique et scientifique’, by A.-C.
Robert-Hauglustaine; ‘De la science à la technique, naissance de l’industrie
de l’aluminium en France’, by M. Le Roux; ‘Aluminium between Science and
Practice: Some Aspects of the Role of Techno-Science for the Introduction
of a Scientific Metal’, by H. Mayer; ‘Die Delta Glocke. Ein HochspannungsFreileitungs-Isolator und die Entwicklung des Werkstoffs Elektroporzellan’,
by F. Krebe; ‘Advanced Ceramic oxides and glass ceramics: progress,
prospects and future trends’, by A. Bhattacharya; ‘Building the Ceramic Gas
Turbines: Government–Corporate R&D Programmes in the USA, Germany
and Japan in the 1970’, by H.-J. Braun; and ‘L’histoire de la métallurgie des
poudres en Roumanie’, by H. Colan.
Seven papers were also presented in the field of materials and science–
technology relationships at ICOHTEC’s Paris symposium. Two concerned
ceramics. The first, ‘Engineering Ceramics: Research, Development and
Applications from the 1930s to the Early 1980s’, by H.-J. Braun, presented
the birth and development in Germany of engineering ceramics since the
end of the nineteenth century, emphasising the role of the World War II in
the rise of research in this field. The aircraft industry and gas turbines were
present at the origin of this evolution, which took some time to arrive to
maturity. Only in the 1970s did it become clear that the performance of
ceramic materials was essential for the development of gas turbines. Braun
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continued to study this subject and, in Liège in 1997, presented another
paper entitled ‘Building the Ceramic Gas Turbine: Government–Corporate
R&D Programs in the United States, Germany and Japan in the 1970s’. The
second Paris paper on ceramics was A. Petrissans’s ‘L’apport de la science à
l’évolution des céramiques de 1960 à nos jours’, in which he analysed the
development in France of research in engineering ceramics and the difficulties faced in industrial applications. He also emphasised scientifictechnological interdependence on both the content and institutional levels.
Other notable papers given in Paris were ‘Relations entre savants et manufacturiers: le cas de la bougie stéarique’, by G. Emptoz; ‘Claude-Louis
Berthollet, savant et technologue de la chimie’, by M. Goupil; and ‘The
organisation and Impact of Industrial Research: Air Products, Inc.’, by
A. Butrica.
Explosives also have a special place in ICOHTEC symposia thanks to the
enthusiastic involvement of Brenda Buchanan, who has organised successive
sessions on gunpowder, starting with the ICOHTEC symposium in Bath
(1994). Twenty papers presented during the ICOHTEC symposia in
Budapest (1996), Lisbon (1998), Prague (2000) and Granada (2002) were
published in a book in 2006,5 and others papers have been published in various issues of ICON (see Dr. Buchanan’s essay in this volume). Y. Bergman
has particularly focused on science-technology relationships in the history of
gunpowder in three quite recent articles in ICON.6
Information and Communication

On the topic of information and communication, the number of papers at
ICOHTEC symposia dealing with science–technology relationships have
been far less numerous than those presented in the fields of energy or
materials. Nevertheless, over time several papers have been given on the
topic, particularly dealing with computers, radio, cinema and radar. In
Dresden in 1986, F. Neuman’s ‘Wechselwirkungen zwischen Konstruktion
und Technologie, dargestellt am Beispiel der Genesis der Informatik’
addressed the genesis of computers. Then in Paris in 1990, P. Mounier-Kuhn
gave a paper about the Bull Company, in which science–technology relationships were present actually by their absence. Entitled ‘Entre technique,
science et machines: la Compagnie des Machines Bull devant la révolution
informatique’, the paper emphasised that Bull was neither concerned nor
interested in fundamental or university research. As a result, the firm had an
incomplete and, at best, belated understanding of the nature and the potential of stored-program computers, which made its products inferior. This
brought the company into a major crisis around 1960. A third paper worthy
of mention in the computer field is I. Tchalakov’s ‘The History of
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Holographic Optical Storage at Both Sides of the Iron Curtain’, published
in ICON and in which he takes into account all the factors involved in the
birth and development of the holographic computer memory: scientific
research, technological surrounding, economical, organisational, political and
cultural circumstances.7
The subtopics of radio and cinema appeared in two papers delivered in
Paris in 1990. The first, ‘Les facteurs scientifiques et techniques de l’invention du cohéreur’, by J. Cazenobe, is a remarkable analysis of the internal
relations of science and technology in the days of radio’s birth. The second,
Le Guet Tully’s ‘Henri Chretien, un savant entre science et technique:
réflexions à propos de l’invention de l’hypergonard,’ analyses the scientific
and technical aspects of the invention of the hypergonard (in the frame of
telescope development) and makes clear that thirty years were necessary
for the hypergonard’s commercial success in the movie industry. Finally,
V. Gorokhov’s ICON article, ‘The Historical Development of Radar Science
and Technology as the Prelude to Modern Information Revolution’, takes
into account the scientific, technical, social and political aspects of the
history of radar.8
Machines and Machine Science

In machines and machines science, three papers delivered at ICOHTEC’s
Dresden symposium in 1986 deserve mention. First, H.-J. Braun, in ‘Die
Entwicklung der Maschinenwissenschaft in Deutschland und dem USA,
1850–1914’, presented in parallel the birth and institutional development of
the science of machines (in both applied and experimental sciences) in
Germany and in the United States. He emphasised the dominant roles in
research of the economy and of university training, as well as the competition between industrial and university research. H. Janetschek’s paper,
‘Ferdinand Redtenbacher und der wissenschaftliche Maschinenbau’,
explained the role of the Austrian mechanical engineer, F. Redtenbacher,
regarded as the founder of scientific mechanical engineering, in the establishment of machines science and their application in industry. Finally,
S. Richter’s ‘Die Genese der Spannungstechnik als Wisenschaftsdisziplin’
provided an analysis of the birth and development of the scientific spinning
technology.
Transportation

Among the many ICOHTEC papers in the transportation field, there were
some in ‘The development of technology in traffic and transport systems’
1991 ICOHTEC Symposium in Vienna that mentioned the central concept
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of science–technology relationships. One example is the paper delivered by
A. Herlea, ‘Les contributions de Traian Vuia au développement de l’aviation’,
which concerned the building of the first airplane that took off under its own
power without any outside assistance. Other papers concerning this topic
also have been published in ICON, among them P. Lamard’s, ‘Patents and
Car Manufacture – Two Different Strategies: Renault and Citroën’, which
emphasised the role of patents in the definition of industrial strategies and
W. Kaiser’s, ‘Clean Air Act and American Automobile Industry’.9
Medicine

In medicine, several papers published in ICON discussed the implementation
of knowledge into an artefact and the transformation of artefacts into knowledge as key elements in the technology of medicine. Others reviewed some
aspects of the development of biomedical engineering. Some notable ones
are: ‘New Technology For Social Health’ and ‘The Finsen Lamp At the
World Exhibition in Paris 1900’, by M. Mogensen; ‘The Emergence of
Biomedical Engineering in the United States’, by F. Nebeker; ‘Listening to
the Heart’s Power: Designing Blood Pressure Measurement’, by M. Martin
and H. Fangerau; ‘Dental Technology, Oral Health and Aesthetic
Appearance: A Historical View’, by W. Rathjen, ‘Oswald T. Avery and the
Technological Basis for the Discovery of DNA at the Rockefeller Institute
for Medical Research’, by D. Stapelton and ‘Seeing Sounds? Styling Vision?
The Visualisation of Acoustic Phenomena in Cardiac Diagnostics around
1900’, by M. Martin and H. Fangerau.10
Military Technology

The field of military technology is discussed thoroughly in Barton Hacker’s
essay in this volume, but it is notable that science–technology relationships
are in a privileged position in the field of military technology, as war has
always been an important stimulator of technical progress. Among the scores
of papers presented in ICOHTEC sessions on the social history of military
technology, two that were published in ICON particularly deserve mention
for their focus on science-technology relationships: ‘Whoever Heard of
Nuclear Ramjets? Project Pluto 1957–1964’, by B. Hacker, and ‘Infrared
Missiles Some Young Scientists and a New Technology’, by C. Hempstead.11
Scientific Instruments

As noted earlier, the existence of the Scientific Instruments Commission of
IHUPS/DHS meant that few papers in ICOHTEC dealt with the obvious
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science–technology relationship that exists in the scientific instruments field.
Two contributions made through ICOHTEC, however, are notable. The
first a paper by A. Buchanan, ‘Engineering Astronomers: the Contribution
of Some Practical Men to the Science of Astronomy’, was delivered at the
ICOHTEC symposium in Paris in 1990. He discussed the contributions
made by four great engineers: British civil engineer John Smeaton (1724–
1792), British railway engineer Charles B. Vignoles (1793–1875), Scottish
engineer and inventor James Nasmyth (1808–1890) and Anglo-Irish
engineer and inventor Charles A. Parsons (1854–1931); the latter noted for
the progress of astronomy through using and improving scientific instruments. The second contribution to this field is the paper, ‘L’évolution des
appareils dynamométriques en France dans la première moitié du XIXème
siècle’, delivered at ICOHTEC’s 1988 Madrid Symposium by A. Herlea. It
studied the birth, the development and the diversification of the dynamometers and their use in industry. Their evolution in England and France took
place in parallel with progress in correctly defining ideas of work and power
in physics and they contributed greatly to the improvement of engines and
more generally to industrial development.12
In several other fields the science–technology problem is present but,
generally more implicitly rather than explicitly. This is the case, for example,
in the mini-symposium entitled ‘Engineers in Town and Country planning’
which took place in the frame of the ICOHTEC Symposium in Paris
(1990). Here we can note several papers, such as ‘Engineering California
Cities’, by J. C. Williams; ‘The Art of Engineering: The Social Landscape in
the “Belle Epoque”’, by M. Levin; ‘Who Gets the Water? Engineers and the
Expansion of the Public Water System in Early Victorian Britain’, by
A. Mohun; ‘Les Bateaux à Vapeur des Seguins et la Navigation sur le Rhône’,
by M. Cotte; and ‘De la Composition Urbaine au “Genie Urbain”: les
Ingénieurs des Ponts et Chaussées et les Villes Françaises dans la Première
Moitié du XIXe Siècle’, by A. Picon.13
BROADER STUDIES
Research Laboratories and Education

In addition to the many case studies that have dealt with science–technology
relationships, ICOHTEC scholars have approached the topic in broader
areas of study, such as research laboratories and education, as well as in holistic studies. The first area of laboratories and education was particularly
highlighted at the 1985 Berkeley symposium, ‘Technological Education –
Technological Style’, held as a part of the seventeenth Congress of the
IUHSP/DHS and organised by one of ICOHTEC’s founders,
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M. Kranzberg. Several fine papers were delivered, and their titles define
clearly their content: ‘German “Technologie” versus French “Polytechnique”
in Germany, 1780–1830’, by W. Weber; ‘Technical Education and
Technological Style in German Mechanical Engineering, 1850–1914’, by
H.-J. Braun; ‘Science and Practice: Key Categories for the Professionalization of German Engineers’, by W. König; ‘Contingency or Mentality?
Technical Innovation in France in the Age of Science Based Industry’, by
R. Fox; ‘Advanced Technology Education and Industrial Research
Laboratories in Nineteenth Century France: the Example of Conservatoire
des Arts et Métiers in Paris’, by A. Herlea; ‘Education or Training: The
Dilemma of British Engineering in the 19th Century’, by A. Buchanan;
‘Broadening and Deepening US Engineering Curricula’, by M. Kranzberg;
‘Engineering Education and the Professionalization of Engineering in the
USA’, by Arthur Donovan; and ‘Science, Technology Education: the
Romanian Experience’, by S. Balan.14
In this area, I also recommend two papers presented at the Liege symposium in 1997 and which were published in 2002: ‘Le rôle des laboratoires
industriels dans l’émergence d’une métallurgie scientifique à l’orée du XXe
siècle’, by N. Chezeau, and ‘Research on materials in France: the Institut
Polytechnique de l’Ouest in Nantes (1919–1939)’, by G. Emptoz and
V. Champeau.15 A third important contribution to this area is an article published in 1999 in ICON by B. Seely: ‘The Imbalance of Theory and Practice
in American Engineering Education; Reform and Changes, 1920–1980.16
Holistic Approaches

The final area in which science–technology relationships appear in
ICOHTEC’s works is the general, holistic approach to the topic, which
emphases relationships between science, technology, economy, society,
politics, philosophy and mentalities. This holistic approach arises in most of
the introductions to published proceedings dealing with science–technology
relationships. R. Sonneman’s ‘Technik und Technikwissenschaft in der
Geschichte’ offered a good general introduction to the topic in the proceedings of the 1986 Dresden. Also in this vein was A. Herlea’s ‘Introduction’ to
the proceedings of the 1990 Paris symposium, ‘Science–Technology
Relationships’, which sought to define the topic as well as propose and
answer questions related to the definitions of applied science, experimental
science and engineering science. Finally, F. Caron’s ‘Introduction: Les Choix
Technologiques’ to the 1999 Belfort proceedings was an essential presentation of the broad issues faced in dealing with technological choices: the
determinants of the technological choices, technological choice itself and the
evolution of systems.17
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A number of papers at various symposia are also worthy of mention. In
Dresden, 1986, M. Kranzberg talked about ‘Sciences and Technology in the
19th Century Differences Among Engineering Fields’. He compared the two
major materials fields of metallurgy and plastics with thermal energy and
electricity. He noted that ‘signification’ of technology did not occur overnight
and emphasised the fact that in the nineteenth century progress in thermal
and electrical engines and in materials technologies were largely the product
of empirical inventions and advances, even if there were differences between
the fields. At the same symposium, C. Pursell spoke about ‘Engineering
Thought and Social Reform in 20th Century America’ and M. Rose about
‘Science in the Domain of Technology’. Both were reflective of the holistic
approach to science–technology relationships. In the 1988 symposium in
Madrid, some papers dealing with this general, global approach to science–
technology relationships were presented, of which I mention only two:
‘British Engineers and the Enlightenment’, by A. Buchanan and ‘The Need
for Control Through Institutional Authority and Competences: The
Qualification of Technology During the Late Enlightenment’, by
S. Lindqvist. In ICOHTEC’s 1990 Paris symposium, however, several
papers fit this broad approach: ‘Interdependence of Scientific and
Technologic Information and its Relation to Public Decision Making in the
USA’, by M. Kranzberg; ‘Natural Science and Technology: Some Aspects of
Interaction at the End of the 19th Century and the Beginning of the 20th
Century’, by J. S. Voronkov; ‘Le point de vue théologique dans les sciences
physiques et naturelles et la technique’, by H. W. Schutt; ‘Relations entre
sciences et techniques à l’époque de la renaissance espagnole’, by J. A. DiegoGarcia; and ‘Natural Philosophy and the Useful Arts in the Age of Boyle’, by
A. Keller.
CONCLUSION

In this essay, I provide a general overview of ICOHTEC’s contribution – via
its symposia, first organised in 1970, and through its publications – to this
important theme in the history of technology: science–technology relationships. Different aspects of this topic have been approached especially
through case studies of a large variety of subjects, which have been very often
treated for the first time by ICOHTEC scholars. Few studies deal only
with internal aspects of science–technology relationships. More generally,
studies take into account a wide range of aspects of science–technology relationships: scientific, technical, economic, political, social and philosophical.
The papers presented at ICOHTEC symposia have made contributions that
provide more acute answers to significant questions about applied science,
experimental science, engineering science, science-based technology and
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technology-based science; about technology developing independently from
science; and about ‘research technologies’.
I hope that in the near future some other aspects of science–technology
relationships – those that have not yet been studied or have been poorly
analysed in ICOHTEC symposia – will be approached. Among them should
be research on science–technology relationships in fields like biotechnology
or nanotechnology, the ‘triple helix’ debate and the ‘Stanford-Yale-Sussex
synthesis’. These and other topics make the prospects for future research in
science–technology relationships most promising.
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