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Chapter 2

The Historiography of Engineering Contexts

Andrew Jamison

Abstract: The chapter contrasts and discusses three ideal-typical approaches to engineering contexts – economic, social, and cultural - and reviews the historical “story-lines” on which the different approaches are based. The story-line of economic innovation emphasizes the commercial, or business contexts of science and engineering, while the story-line of social construction emphasizes the role(s) played by scientists and engineers in building, or constructing social institutions. A story-line of cultural appropriation emphasizes the ways in which science and engineering contribute to broader changes in cultural values and behavior. The chapter draws on a recent introductory survey to the history of technology and science (Hubris and Hybrids) that the author has written together with Mikael Hård and experiences in teaching “contextual knowledge” to science and engineering students.. 
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Introduction. On the Contexts of Engineering

One of the main difficulties in discussing the contexts of engineering is that engineering, like science and art and other forms of human creativity, has had a range of different meanings, or functions in history. It can therefore be useful to attempt to distinguish, in an ideal-typical fashion, some of the more significant meanings of engineering, since they have led to quite different understandings of engineering contexts and what might be termed contextual knowledge (see table 1).  
Table 1: The Meanings of Engineering 

	Meaning
	economic,

commercial
	social, professional
	cultural, human

	relevant

contexts
	companies,

corporations,

markets 
	cities,

nation-states, 

societies
	movements,

communities,

cultures

	story-line
	Innovation
	construction 
	appropriation 

	forms of contextual knowledge
	innovation studies, economic and market analysis
	science and technology studies, sociology and philosophy of science and technology 
	cultural studies, history of science and technology, technology assessment 



On the one hand, engineering has meant the transformation of “inventions” into “innovations” by means of what is customarily thought of as an evolutionary process (e.g. Basalla, 1988). Unlike Darwinian evolution, however, innovation XE "innovation"  is a process of not so natural, that is to say, artificial selection; and the interesting questions in relation to engineering contexts thus revolve around where the selection takes place, who is doing the selecting, and for what reasons. 


The aim of this kind of engineering through the centuries has been to develop things of commercial value, be they products, tools or means of production, from one or another creative act, to turn, we might say, inspiration into perspiration. More specifically, the ambition has been to make money or accumulate wealth, or attain what are now called property rights, from commodities based on a scientific or technical discovery. This can be considered the economic, or commercial meaning of engineering, and, at the present time, there is a strong tendency for this meaning or function of engineering to dominate all the others. 

For while the importance of engineering for business or commercial purposes can certainly not be denied, there are other meanings that are at least of equal importance, if not more so. Indeed, it can be suggested that the dominance of the commercial, or economic meaning of engineering has led to a relative neglect of what might be termed the social and cultural meanings of engineering. 


Many forms of engineering are intrinsically social, in the sense that they are attempts to apply technical ingenuity to the solving of social problems and/or the resolution of social conflicts. 


The aim of this sort of engineering has been to provide a kind of structural, or what is often referred to as “infrastructural” coherence to a unit of social organization, be it a city or a nation-state or a society. It has usually involved one or another form of system-building, or network-making, by which various component parts, both technical and non-technical, are brought together into a larger coordinated effort. 


The interesting questions in relation to contextual knowledge in this sort of engineering revolve around the social sector or domain in which these processes take place and the particular kinds of competence or expertise that are required. In this form of engineering, the task has generally been to transform an idea, plan, design, or vision into material, or artifactual manifestations, and by so doing, help to “fix” a problem or resolve a conflict that has been identified as socially significant. This can be thought of as the social, or professional meaning of engineering.


Even less recognized than the social in relation to the dominant economic meaning is a third ideal-typical meaning of engineering, which can be characterized as cultural, and which represents the ways in which people have cooperated with one another to learn how to deal with the fundamental challenges of human life. This meaning has been given far less attention than the other two, due perhaps to its intrinsic diversity and variety, as well as to what might be called its “situatedness” or particularity; it is hard to aggregate or theorize about these forms of engineering, but they are nonetheless of central importance for many areas of human existence, particularly in relation to education and health care and environmental protection. The interesting questions in relation to engineering contexts revolve around the processes of what might be called collective knowledge-making, or cultural learning, and, more specifically, the capacity to use technologies in beneficial, or appropriate ways. This can be considered the cultural, or human meaning of engineering. 

Distinguishing the contextual understanding of engineering in this way draws on many years of teaching science and engineering students at various universities in Scandinavia, most recently at Aalborg University in Denmark.

Contextual Knowledge at Aalborg University

Like many other universities that were created in the 1970s, under the influence of the student movements of the times, Aalborg University XE "Aalborg University"  has attempted to develop a more “relevant” form of education than was then being offered by the established universities. From the outset, Aalborg University has based all of its undergraduate teaching programs on a combination of problem and project-based learning, with formalized courses playing a subsidiary or supportive role. For the most part, the students are taught their subjects by carrying out semester-long projects in groups, and the task of the teacher is to advise the students, rather than instruct them. 

In the science and engineering fields, project work in the first year has included, since the early 1980s, a certain amount of what has come to be referred to as contextual knowledge. The particular way in which this knowledge is taught and included in the student projects varies from field to field, and has also varied from year to year, depending on who is doing the teaching, and, not least, on the relations between the main, scientific/technical advisers, who are responsible for the project work as a whole and the contextual advisers, who, for the most part, come from outside the particular field of study. Most of the contextual advisers have a social scientific and/or humanities education, and there has thus been a wide range of approaches to contextual knowledge that have been presented in the supportive courses that are given, and then put to use in the student projects. 


The most common approach to contextual knowledge has been to provide a kind of supplementary, or add-on knowledge, usually aimed at offering the students knowledge of some of the “market” conditions that affect their particular engineering or scientific field. Typically, the lectures and advising focuses on managerial issues and “entrepreneurship”, and the project work often involves one or another form of market analysis of the particular technical or scientific product that the students are learning how to design and/or build in their projects. 


A second approach that is used in Aalborg provides more of a complementary or extra-curricular knowledge, offering students an opportunity to reflect on the underlying values and paradigmatic assumptions of their scientific-technical field as a way of preparing for their future professional roles. The courses usually offer an introduction to the philosophy and/or sociology of science and technology, presenting the different schools, or positions, as well as some of the methods of analysis that have been developed in science and technology studies. The social construction of technology, or SCOT, approach, as developed by Wiebe Bijker XE "Wiebe Bijker" , has been especially popular (cf Bijker, 1995). In the project work, the students are often encouraged to use these ideas to consider the ways in which scientific and engineering knowledge is produced, or constructed, within their fields. 


A third approach, and one that has been used recently in the educational programs in biotechnology, nanotechnology and medialogy, is to connect, as much as possible, the technical-scientific components of the project work to broader contextual issues, and to mix something of the more instrumental ambition of the market-oriented approach with the reflective ambition of the professional approach. In the lectures the students are introduced to the cultural history of science and technology and to some of the public debates that have taken place in relation to science and technology. Students are also introduced to political and ethical issues associated with science and technology, and the contextual advising of their project work is seen as a way for them to learn how they might address, and, at best, assess the political, cultural and/or environmental implications of their particular scientific-technical project.


In the following sections, the historiographic story-lines on which these different approaches to contextual knowledge are based will be briefly presented and compared. 
The Economic, or Commercial Approach

Since Karl Marx XE "Karl Marx"  based his influential theory of political economy on the central role of the “means of production” in historical development, it can be suggested that the dominant approach to the history of engineering contexts has focused on the relations between engineering and the economy. This story-line, as it has been developed by historians during the past 150 years, has, to a large extent, been a history of material science-based progress, and, more specifically, emphasized the role of science and engineering in economic growth and development. 


It has directed attention primarily to the activities of companies and corporations, since they are generally considered to be the main sites, or contexts in which market-oriented technological development, or economic innovation takes place. The relevant contextual knowledge in this form of history-writing is almost exclusively economic and managerial.


Although engineering had long been seen as having an economic significance, it was the so-called industrial revolution of the late 18th century and the broader experience of industrialization that stimulated historically-minded analysts to bring that economic significance into their narratives. Karl Marx was the most influential of a new breed of economic historians in the mid-19th century, who focused attention on the role of science and technology in economic life. Trained in philosophy and active in politics, Marx brought to his historical writings an eschatological ambition and an abstract terminology that helped give them an enormous impact both on academic life, as well as in the broader society. 


Marx saw in the coming of modern industry and in the use of science and engineering in the economy an epochal shift in human history:

“For the first time, nature becomes purely an object for humankind, purely a matter of utility; ceases to be recognized as a power for itself; and the theoretical discovery of its autonomous laws appears merely as a ruse so as to subjugate it under human needs, whether as an object of consumption or as a means of production” (Marx, 1973/1857, pp.409-410).


The capitalist mode of production, as Marx characterized it, had its material base in the orientation of science and technology to the commercial marketplace. Science and engineering played a fundamental, “revolutionary” role in modern industry: “by means of machinery, chemical processes and other methods, it [modern industry] is continually transforming not only the technical basis of production but also the functions of the worker and the social combinations of the labor process” (Marx, 1976/1867, p.617). 


While putting production on a scientific basis, industrialization also created, according to Marx, divisions among workers, and led to a new class of workers “whose occupation it is to look after the whole of the machinery and repair it from time to time, composed of engineers, mechanics, joiners, etc.” In Marx’s words, “This is a superior class of workers, in part scientifically educated, in part trained in a handicraft; they stand outside the realm of the factory workers…” (Ibid, pp.545-6). Scientists and engineers had been given a fundamental role to play in the economy, but at the same time, they had been forced to give up their independence and apply their knowledge and skills to the requirements of the commercial marketplace, and work alongside the “ruling class” rather than the working class.


Marx’s insights into the economic significance of science and engineering, and his contextual understanding of industrial society have been highly influential in shaping the modernist belief in science-based progress, what might be called the dominant discourse of engineering. They became an important part of the political consciousness of those who created social-democratic and communist parties, and they also formed a central part of economic history, as it developed in the late 19th and early 20th centuries as a kind of hybrid academic field combining economics and history. 


One of those who helped turn the Marxian insights into a story-line of economic innovation was the Austrian Joseph Schumpeter XE "Joseph Schumpeter" , who coined the term “creative destruction” that has since provided an underlying narrative trope, or metaphor for science-based industrial development. “The essential point to grasp is that in dealing with capitalism we are dealing with an evolutionary process,” he wrote toward the end of his life in Capitalism, Socialism and Democracy. And at the core of the evolutionary process that was capitalism was the process of innovation that “incessantly revolutionizes the economic structure from within, incessantly destroying the old one, incessantly creating a new one” (Schumpeter, 1975/1942, pp.82-83). 


Drawing on the work of a Russian economist, Nikolai Kondratiev XE "Nikolai Kondratiev" , Schumpeter developed a model of business cycles, or “long waves” in which the process of innovation XE "innovation"  played a central role (Freeman and Louca, 2001). Schumpeter’s ideas have been formative for the ways in which economists and economic historians have since come to characterize the contexts of science and engineering. 


At the beginning of each wave, a cluster of radical innovations – textile machines and the steam engine in the first wave, railway locomotives and the telegraph in the second wave, the telephone, airplane and the automobile in the third wave, atomic energy, synthetic chemicals and the transistor in the fourth wave – help propel a new upswing in industrial expansion as they are spread, or diffused in the economy. New companies and branches of industry, based on the radical innovations, grow up to replace the companies that had come to dominate the previous waves. 


This extremely influential story-line can be said to provide a foundational narrative for innovation studies, as it developed in the 1980s as a sub-field in business management and economics. At both macro, micro and meso levels, a historiography of engineering contexts has developed that is based on the story-line of economic innovation.


On the one hand, there have been a number of major, programmatic works, written both by economists and historians, telling the story of industrialization in general, in overarching terms, according to the story-line of innovation. One of the most influential early works was The Unbound Prometheus: Technological Change and Industrial Development in Western Europe from 1750 to the Present, by David Landes XE "David Landes"  (1969), which placed technological innovation at the center of an ambitious historical narrative. Written in the context of the 1960s, when more theoretically-minded economists, such as Walt Rostow and John Kenneth Galbraith XE "John Kenneth Galbraith" , were emphasizing the importance of science and engineering in the contemporary economy, Landes rewrote the history of industrialization as a series of technological revolutions. 


Rostow and Galbraith were followed in the 1980s by several, more theoretical works of “evolutionary economics XE "evolutionary economics" ”, such as An Evolutionary Theory of Economic Change, by Richard Nelson and Sheldon Winter (1982) and Technical Change and Industrial Transformation, by Giovanni Dosi (1984). At a time when Asian countries were beginning to overtake Western economies in many branches of industry, not least in electronics and communications, the innovation story-line took on political importance, and it was at this time that innovation studies became an established academic field, leading to a second level of historiography, recounting the stories of what might be called the institutions of innovation and the dynamics of what started to be called national systems of innovation XE "systems of innovation" .


Christopher Freeman XE "Christopher Freeman" ’s analysis of the Japanese system of innovation, Technology Policy and Economic Performance: Lessons from Japan (Freeman, 1987) was a central text in this regard, pointing to the importance of strong ties, or linkages between companies, government agencies, and universities in Japanese economic development. The idea of a national system of innovation was applied in Denmark, as well, by a group of economists at Aalborg University XE "Aalborg University" , who told the story of Danish industrialization as a process of creating an “agricultural-industrial complex” or development block, drawing on particular kinds of engineering activities (Lundvall ed., 1992) 

Since then, at an institutional, or meso level of analysis, economists and historians have discussed systems of innovation, both in particular countries, economic branches and fields of science and engineering. There are now departments of innovation studies at many business schools and management departments, and the story-line of innovation has come to provide the dominant way in which engineering contexts are discussed, both in the historical and broader academic literatures. 


There is also, of course, a more popular historiography of engineering contexts in the large number of works on particular “success stories” – of products, companies, and individual inventions, that is, at a micro level of analysis.  

The ways in which these stories are told, on all three levels, follows a typical pattern, which can be characterized as a form of technological determinism, according to which new, radical innovations – in our day, primarily in information technologies, genetic engineering, the Internet, and nanotechnology - are claimed to be the central factors behind economic growth and development. Engineering in this story-line is seen to be exclusively market-oriented; successful innovations are those that have a major economic impact, and the relevant contexts of engineering are those companies, corporations, business networks, or larger systems of innovation XE "systems of innovation"  in which markets are found or created for economic innovations in the marketplace. All those forms of engineering that are not market-oriented tend to be neglected or ignored. 

The Social, or Professional Approach

While economists and economic historians, and the stories of innovation XE "innovation"  that they like to tell, tend to dominate both the public understanding, as well as the academic study of engineering contexts, a second significant story-line or narrative approach has emerged within the field of science and technology studies, or STS. The roots of this work can be traced back to some of the early historians of engineering in the 19th century, such as Samuel Smiles, who wrote biographies of the bridge-builders and railway engineers who constructed the industrial society, as well as to social theorists, such as Max Weber XE "Max Weber" , who was one of the first to consider some of the social factors that were involved in the engineering profession. 


Weber emphasized the processes of rationalization and bureaucratization that were at work in modern societies, and which had a major influence on engineering, especially perhaps in what are now called infrastructural projects. He also wrote about the underlying values, or norms of behavior in many areas of social life, linking social activity to what he termed an underlying ethical system, or ethos. His famous book, The Protestant Ethic and the Spirit of Capitalism (1904) stressed the religious, or moral basis of engineering in the interest in technical improvement that was so much a part of the new forms of Christianity that emerged in the Protestant Reformation of the 16th century. 


As with the story-line of innovation XE "innovation" , the historiography of construction includes both a macro, or discursive level, at which overarching principles of social structure and organization are discussed (from the “iron cage” or rationalization process of Max Weber XE "Max Weber"  to the technological rationality of Herbert Marcuse XE "Herbert Marcuse"  and the power discourses of Michel Foucault XE "Michel Foucault" ), a micro level, at which particular projects are carried out, and an intermediary, or meso level of “infrastructural” engineering, or large technical systems, as they are sometimes called. The relevant contexts in this form of historiography depend on the level of story-telling, but they tend to be abstract social structures at the macro level, individual actors and networks of individuals at the micro level, and institutions and social organizations at the meso level. 

Since the 1980s, the French philosopher and anthropologist Bruno Latour XE "Bruno Latour"  and the Dutch engineer turned sociologist Wiebe Bijker have been among the most active in developing the story-line of construction. Latour has emphasized the ways in which engineers have constructed “actor-networks” that bring together human and “non-human” elements in their various projects. It is, as he has characteristically put it in the title of one his books, a kind of “aramis, or love of technology” that forms a kind of core meaning of engineering work, and the kind of contextual knowledge that he has been so influential in developing has focused on the ways in which this love has been put into practice, not always with positive results.


Wiebe Bijker XE "Wiebe Bijker"  and the American Thomas Hughes XE "Thomas Hughes" , on the other hand, have provided a number of case studies of key “system-builders” or network-makers, seeking to uncover the ways in which engineers through their professional activities actually go about shaping social institutions and organizations. Hughes has contrasted the “networks of power” that were involved in the development of electricity systems in Europe and the United States (Hughes, 1983), and Bijker has elucidated the social interests and technological frames that were at work in a number of different fields of engineering (Bijker, 1995).  

The story-line of construction emphasizes social processes rather than economic ones, and its story-tellers employ a language or vocabulary of sociology and social history to recount their tales of networking, negotiation and mediation. The stories that are told in this form of contextual knowledge are often carried out in bureaucratic organizations and at the interface or meeting place between the worlds of business, government and academic life, or what are increasingly referred to as the contexts of “governance”. 

 The engineer is seen as a professional “actor” involved in the construction of a technologically mediated reality. The expertise or professional competence of engineers is thus not seen as purely technical or scientific; there is also a kind of social competence, or social capital that is necessary and this kind of contextual knowledge is thus seen, as in Aalborg, as an important part of the professional expertise of an engineer.

The Cultural, or Human Approach 

While the economic meaning of engineering is by far the most dominant, the social, or professional meanings have become ever more influential in recent years, especially in the arenas of policy-making and government. Both focus on the production of science and technology, and have tended to disregard all of the other forms of engineering that involve what Mikael Hård and I have termed the “cultural appropriation XE "cultural appropriation" ” of technology and science (Hård and Jamison, 2005). 


A main source of inspiration for this story-line was the American writer Lewis Mumford XE "Lewis Mumford" , especially his classic work, Technics and Civilization, from 1934 and his two-volume The Myth of the Machine, written in the 1960s. Mumford was one of the first to discuss the cultural preconditions for modern science and technology, and to explore the long process of cultural preparation prior to the scientific and industrial revolutions. He was also one of the first to discuss the cultural consequences, and, not least, the forms of cultural resistance and opposition to science and technology. 

For Mumford, engineering, or what he termed “technics” was driven by two contradictory human, or cultural forces, which he termed democratic and authoritarian. Democratic technics was a shared engineering competence, a use of technology for the common good, and it was, he argued, the basis for many, if not most positive human achievements (Mumford, 1966). Authoritarian engineering, or technics, on the other hand, was the use of science and technology by those in power to oppress or dominate others. Later in his life, he became one of the main critics of the so-called military-industrial complex in the United States which he saw as a new kind of authoritarian engineering, what he termed the megamachine XE "megamachine"  (Jamison and Eyerman, 1994).  


More recently, the British cultural historian Raymond Williams XE "Raymond Williams"  has written about the relations between technology and broader processes of cultural transformation in a number of books that have contributed to the creation of the academic field of cultural studies. Williams emphasized how the idea of culture, at least in the British context had emerged in the 19th century as a “record of our reactions, in thought and feeling, to the changed conditions of our common life… Its basic element is its effort at total qualitative assessment.” (Williams, 1958, p.285)


Another influential writer was the literary historian, Leo Marx XE "Leo Marx" , who was a pioneer in investigating the artistic and literary representations of science, technology and engineering in his important study, The Machine in the Garden from 1964. Marx’s student, David Nye XE "David Nye" , has been one of the most prolific contributors to the story-line of appropriation, in a series of books on the ways in which electricity and other forms of power have been used in different ways by different people. His recent book, Technology Matters, provides a highly readable introduction to this way of discussing engineering contexts (Nye, 2006). 

This third kind of engineering takes place in very different contexts or social locations than the other two, often in what are characterized as social and cultural movements rather than in established or formalized institutions and organizations. Understanding these contexts of engineering brings out the ambivalence, or mixed meanings of science and technology in human history, and the ways in which engineering has often had to be carried out at the “grass-roots” in informal and temporary public spaces, in order to provide alternatives to the dominant approaches.


Historically, these forms of engineering have been a part of broader political struggles, from the religious struggles of the 16th century through the social movements XE "social movements"  of the 19th and 20th centuries and into the present. The forms of engineering that took place in these movements involved processes of hybridization XE "hybridization"  or creative eclecticism, by which engineering skills and knowledge were combined with others forms of thought and action. One of the founders of interior design, William Morris XE "William Morris" , was, for example, an active member of socialist organizations, as well as a professional artist and designer. In the anticolonial movements of the early 20th century, especially in India, Western-trained scientists also joined forces with political activists to resurrect traditional forms of engineering, or what are sometimes now called indigenous technology, that became important parts of the liberation struggle. Similarly, in the environmental movements of the 1970s grass-roots forms of engineering provided “utopian” or radical examples of appropriate technology XE "appropriate technology"  that have since developed into significant branches of industry (Dickson, 1974).


Particularly influential was how, within the context of the opposition to nuclear power, many professional scientists and engineers joined forces with environmental activists to experiment with alternative forms of energy. In countries like Denmark, as a part of the movement against nuclear energy, an organization for renewable energy was created that provided a space, or cultural context in which people could learn how to build wind energy power plants and solar panels (Jamison et al, 1990). Like similar activities in other countries, these forms of grass-roots engineering were a kind of democratic technics, and like other movements today, in organic agriculture, alternative health care, sustainable design and architecture, they open engineering to popular, or public participation.

Conclusions

An understanding of the contexts of engineering should include all three of the ideal-typical forms that I have discussed in this chapter. There is a strong tendency in most programs of science and engineering education to exaggerate the importance of economic, or commercial contexts, as part of a political program of supporting engineering for purposes of economic growth. Even the social and professional contexts are often discussed in market-oriented or business terms, while many of the cultural contexts in which more alternative forms of engineering are carried out are all too often neglected or ignored. There needs to be a much better balance between the different forms of contextual understanding and a much greater appreciation of the value and importance of each of these – and all the other – meanings and functions of engineering. 
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