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Fostering a Hybrid Imagination in Nanotechnology Education
Since the 1980s, there have been major efforts throughout the world to stimulate closer ties between universities and private companies, and the subsequent commercialization of science and engineering has brought with it a number of unintended and undesirable consequences. As the contentions over genetic engineering, stem cells and global warming have demonstrated, there is a general lack of agreement in society about the value of at least some of the scientific and technical knowledge that is being produced and there is a growing concern with the ethical, or moral aspects of some of the technological products that are derived from that knowledge. 

In light of these developments, it is important that the relations between science, technology and society be given proper attention in the education of scientists and engineers. But instead of receiving instruction in the cultural implications of their particular scientific and technological field, the extra-curricular material that most students receive tends to revolve around marketing and what are often referred to as entrepreneurial skills.
At Aalborg University, contextual knowledge is a component part of the project work of all first year science and engineering students. The general ambition has been to add some non-technical instruction into the technical/scientific curriculum in a way that fits the “Aalborg model” of problem- and project-based learning. The most common approach, however, as at many other universities, seeks to provide the students with an understanding of the commercial conditions in their subject area, and the project work often involves a market analysis of the particular technical or scientific product that the students are learning how to make. A second approach provides what might be termed an academic understanding of contextual knowledge. The courses provide an introduction to the philosophy of science and/or technology, and in the project work, the students are encouraged to use these philosophical ideas to consider the ways in which knowledge is produced, or constructed, within their fields. While both approaches are valuable, they tend to disregard issues of social responsibility and what we have come to characterize as scientific citizenship.
A third type, which we have developed in the new educational program in nanotechnology, can be termed a socio-cultural approach to contextual knowledge. In our lectures we have introduced the students to the cultural history of science and technology and, in their project work, we have advised the students as to how they might address, and, at best, assess the cultural and/or ethical implications of their emerging field.
The projects that several of the groups carried out in the academic year, 2006-2007, combined an impressive understanding of the relevant scientific theories and experimental practice with insights derived from the social and human sciences. One group, which made solar cells that used nanoengineered raspberry and spinach molecules to improve the electrical efficiency, combined an ambitious, and highly enterprising technical research activity with a serious exploration of the climate change debate and an assessment of the role that their solar cells could play in dealing with climate change. The project is a good example of the hybrid imagination in action. The students gained experience in working with scientific laboratory equipment, as well as in analyzing policy documents. 
Two groups of students in our program investigated public concerns about nanotechnology in their project work. Normally, survey based research on the public understanding of science and technologies is performed by social scientists, who are sometimes – and sometimes not – well-informed about the field of science and technical activities in question, but who are not themselves knowledge producers within the field. The nanotechnology students’ surveys represent a direct link between producers and (potential) users of nano-knowledge. Another result of their learning process was the development of a strong commitment to engaging in dialogue with lay citizens. By fostering their hybrid imagination, the students developed a kind of “scientific citizenship” which simultaneously embraces scientific competence and social responsibility.

These examples of student project work in the nanotechnology program at Aalborg University show that it is possible to combine contextual knowledge with scientific/technical knowledge in a meaningful and integrated fashion. Unfortunately, the science and engineering teachers in the nanotechnology program were not impressed, and they succeeded in removing the contextual knowledge advising from the second semester project work in the following year, 2007-2008. At the same time, efforts are afoot to redefine contextual knowledge in more exclusively market-oriented terms, so that our university can better contribute to Danish competitiveness in the global marketplace. Whether it remains possible to foster the hybrid imagination among science and engineering students at Aalborg University is an open question.
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