Contextualising Nanotechnology Education

- Fostering a Hybrid Imagination in Aalborg, Denmark

Abstract

In the context of worldwide economic and environmental crisis it is increasingly important that nanotechnology, genomics, media engineering and other fields of “technoscience” with immense societal relevance are taught in ways that promote social responsibility and that educational activities are organized so that science and engineering students will be able to integrate the “contextual knowledge” they learn into their professional, technical-scientific identities and forms of competence. Since the 1970s, teaching programs in science, technology and society for science and engineering have faded away at many universities and been replaced by courses in economic and commercial aspects, or entrepreneurship and/or ethical and philosophical issues. By recounting our recent efforts in contextualizing nanotechnology education at Aalborg University in Denmark, this article presents a socio-cultural approach to contextual learning, one that is meant to contribute to a greater sense of social responsibility on the part of scientists and engineers. It is our contention that the social, political and environmental challenges facing science and engineering in the world today require the fostering of what we have come to call a hybrid imagination, mixing scientific-technical skills with a sense of social responsibility or global citizenship, if science and engineering are to help solve social problems rather than create new ones. Three exemplary cases of student project work are discussed: one on raspberry solar cells, which connected nanotechnology to the global warming debate, and two in which surveys on the public understanding of nanotechnology were combined with a scientific-technical project.
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Introduction

The coming of economic decline, with rising levels of unemployment throughout the world, coupled with a growing concern with the implications of global warming, raise important challenges for scientists and engineers. Dealing with the dual economic and environmental crisis with which the world is faced will require a rather different set of competencies on the part of scientists and engineers than those that they are currently provided with in their educations. In particular, they will need to have a much more serious grasp of the social, economic and environmental contexts of science and technology, and that contextual understanding will need to be more effectively combined with scientific-technical knowledge. While the education of scientists and engineers in many universities has come to include instruction both in entrepreneurship and marketing, as well as in environmental issues, there is little systematic discussion within science and engineering education research or among STS scholars as to how knowledge about these contextual issues can be most appropriately brought into the educational process.
Particularly in relation to the emerging field of nanoscience and nanotechnology there are a number of issues in need of qualified discussion and deliberation to which scientists and engineers, if properly educated both in the technical and social aspects of the field, could make important contributions. Nanoscience may lead to new medical technologies, but it is unclear how nano-particles affect public health in the short and long run. Nanotechnologies might improve green energy production, but it is uncertain how nano-particles influence natural environments. Nano-engineering may refine the human body, but at the same time there are significant ethical and moral qualms about doing so. Nanoscience and nanotechnologies in their application contexts affect health care, environment, working conditions, food production, agriculture, industrial production, social interactions, law enforcement, and several other areas of life, thus significantly shaping society and social systems.
The ability of nanoscientists and engineers to comprehend societal demands and expectations and to understand the economic and environmental contexts of their work is of crucial importance. But how might we best develop educational programmes in which scientists and engineers are taught to deal with the challenges facing science and engineering today, and how might we foster the kind of competencies that scientists and engineers need for bringing technologies into society in appropriate and useful ways? By recounting our recent efforts in contextualizing nanotechnology education at Aalborg University in Denmark, this article is meant to be a contribution to stimulating such a discussion.
A Hybrid Imagination

It is our contention that the challenges facing science and engineering in the world today require the fostering of what we have come to call a hybrid imagination, mixing scientific-technical skills and competencies with a sense of social responsibility or global citizenship.

Notions of hybridity and hybridization have become quite popular in recent years. In science and technology studies, it is widely assumed that reality itself is characterized by what Bruno Latour (1993) has called the “proliferation of hybrids” between humans and non-humans, or what Donna Haraway (1985) has called cyborgs: “chimeras, fabricated hybrids of machines and organisms”. In a similar vein, the image of the golem has been utilized by Collins and Pinch (1993) to characterize the scientific enterprise as one that combines a mixing of the imagined and the real. 

Hybridization, or the forming of hybrid communities, has also been seen as a central ingredient in the new mode of knowledge production, as described by Michael Gibbons and his co-authors: “Hybridisation reflects the need of different communities to speak in more than one language in order to communicate at the boundaries and in the spaces between systems and subsystems” (Gibbons et al 1994: 37). In such fields as genetic engineering, information technology, sustainability science, and nanotechnology, scientists and engineers have come to take on hybrid identities that bring together skills and knowledge from different domains in science and society. 

Within cultural theory, hybridity has become a defining feature of what is often referred to as a postmodern or postcolonial condition. Contemporary culture, according to influential theorists such as Homi Bhabha (1994), is said to be located in the spaces between the dominant and the dominated, in the interstices, or interfaces, where “hybrid identities” are formed.  What Bhabha and other critics find so compelling in so much of contemporary art and literature, namely a mixing of previously separated genres and traditions, is also a defining feature of many fields of contemporary science and engineering. There is, on the one hand, a combination of what has historically been characterized as science and what has historically been characterized as technology into a kind of “technoscience” that transgresses traditional disciplinary boundaries; and, on the other hand, there is an institutional mixing, or at least an ever more intimate interaction, between the traditional homes of science and technology: the university and the business firm. 
Our notion of a hybrid imagination draws on these ideas; it is a hybrid identity in action. More specifically, it is based on a cultural historical perspective in which hybrids are seen as the critical counterpoint to the “hubris” that has been fundamental throughout history to scientific and technological achievement (Hård and Jamison 2005). People with a hybrid imagination have periodically helped to redirect science and technology, from Leonardo da Vinci mixing art and engineering in the Renaissance and Tycho Brahe mixing scholarship and craftsmanship during the Reformation to William Morris mixing technology and art in the 19th century and Rachel Carson mixing science and political journalism in the twentieth. In all of these examples, the combination of previously separated social roles and differentiated forms of competence has provided seminal points of departure for radical redirections in the making of scientific and technological knowledge.

A hybrid imagination in relation to science and engineering in the contemporary world can be characterized as a competence in combining an understanding of changing contextual conditions, or “external” challenges, with relevant scientific and technical skills and knowledge. Rather than succumbing to an externally-imposed, or top-down hybridization of academic and business life-worlds, or attempt to uphold a traditional academic ethos in direct opposition to commercialization, a hybrid imagination is an emerging form of socially engaged knowledge making, connecting a problem-solving capacity with an understanding of the problems that need to be solved.
In order to obtain such an understanding and sensitivity towards the real life problems that need to be solved, scientists and engineers must be able to develop hybrid identities, and combine their technical-scientific insights with a role as concerned citizen. The lack of public debate about nanotechnology is paradoxical when we consider the widely shared academic understanding that we have moved into a new era of knowledge production, in which knowledge users or consumers play an increasingly important role in assessing research quality and the social implications of technological developments. In contemporary “mode two” knowledge production (Gibbons et al 1994) – at least so the story goes - the pervasiveness of science and new technologies in the everyday lives of citizens demands a high degree of public involvement. The shift towards mode 2 is not only described in the social scientific and policy literature as readjustments of the processes of knowledge production, a development towards transdisciplinarity, problem orientation, and cooperation between public and private interests, but essentially a “cultural revolution” (Ziman 1996) giving way to a post-academic science, which is so different sociologically and philosophically that it will produce not only a different type of knowledge, but also a different society, in which the role of lay citizens is much more important. According to the tale of the new mode of knowledge production, scientific and technological development is increasingly being negotiated in public with citizens taking an active part. Or as Gibbons (1999: 83) puts it:
.... One outcome of all these changes is that the sites at which problems are formulated and negotiated have moved from their previous institutional locations in government, industry and universities into the ‘agora’ – the public space in which both ‘science meets the public’, and the public ‘speaks back’ to science.

The pervasiveness of science and technology in everyday life surely comes with the risk that vast segments of the citizenry are marginalised or excluded due to a failure in keeping pace with the changes. The ability of citizens to identify with and act effectively in the knowledge society is at risk if citizens do not understand or, even more seriously, feel alienated from the societies in which they live. In the emerging fields of nanoscience and nanotechnology, such considerations concerning public opinion, engagement, and appropriation are only slowly beginning to surface. Or, to be more precise, most nanotechnologists, at least in countries like Denmark, tend to bear in mind an image of the public rejection of genetic technologies in the 1980s and 1990s and are aware of the potential threat that a lack of public acceptance may pose to emerging nanotechnologies. Yet, the “agora” for nanotechnology seems rather empty, and policy-makers seem to feel no acute need for taking seriously the role of citizens. Also, potential public scepticism is mainly considered a matter to be dealt with in terms of public relations strategies, something to be left in the hands of professional communication experts and consultants. Lack of public acceptance is increasingly thought of as a marketing issue, a matter of “selling science” as Dorothy Nelkin (1995) has put it. The persistent market orientation among engineers and scientists, fuelled as it is by the dominant storyline of economic innovation, has the unfortunate consequence that even the most whole-hearted, value-based public controversies over sensitive technologies are translated into trivial deficits of marketing activities (Layton et al 1993). Engineering students are taught “entrepreneurial skills” rather than social responsibility; they are taught about rights to “intellectual property” rather than human rights and other collective concerns that are implicated in nanotechnological development. If scientists and engineers are to play a role in the “agora”, they need to develop hybrid imaginations and reflective insight into public concerns.
By using the term hybrid imagination, we want to suggest that there are different ways to respond to, or appropriate the new contextual conditions of science and engineering. While the increasing presence of academic capitalism (Slaughter and Rhoades 2004) cannot be wished away, it can certainly be responded to in different ways, depending on one’s political and ethical perspective, and one’s view of the role of the university. As Alfred North Whitehead (1929: 93-94) once wrote, in his collection of essays, The Aims of Education:

Imagination is not to be divorced from the facts: it is a way of illuminating the facts. It works by eliciting the general principles which apply to the facts, as they exist, and then by an intellectual survey of alternative possibilities which are consistent with those principles. It enables men to construct an intellectual vision of a new world, and it preserves the zest of life by the suggestion of satisfying purposes. ..The tragedy of the world is that those who are imaginative have but slight experience, and those who are imaginative have feeble imaginations. Fools act on imagination without knowledge; pedants act on knowledge without imagination. The task of a university is to weld together imagination and experience. 

Attempting to foster a hybrid imagination might also be a good way to reconnect science and technology studies to broader discussions of justice and responsibility. As such, fostering a hybrid imagination, as we have attempted to do in Aalborg in our nanotechnology educational program, is also a way of redefining the social responsibility of scientists and engineers in a commercialized, or globalized age.  In particular, it is a way of bringing an ethical or reflective dimension into science and engineering education.   

“Technology, Humanity and Society” at Aalborg University
At Aalborg University, teaching in what we term “contextual knowledge” has been a component part of the project work of all first year science and engineering students since the 1980s. We offer short courses in “technology, humanity and society”, or the relations between the particular scientific/technological field and the surrounding society, and provide advisory assistance to the student groups, as they carry out their projects in the first and second semesters. The general idea is 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 (Kolmos et al. 2004; de Graff & Kolmos 2007). 
Like several other universities that were created in the 1970s, Aalborg University has attempted to develop a more “relevant” form of education than was then being offered by the established universities, and has, from the outset, based all of its undergraduate teaching programs on a combination of problem and project-based learning. In the science and engineering fields, project work in the first year has included, since the early 1980s, a certain amount of contextual knowledge. The particular way in which this knowledge is taught and eventually learned by the students and included in their projects varies from field to field, and indeed 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 assisting, 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 competence, but they often have little interaction with each other, and there has thus been a large variety of approaches and methods that have been presented in our courses, and subsequently used in the student projects. 
It is possible to identify three ideal-typical forms that have emerged through the years in the teaching of contextual knowledge to science and engineering students in Aalborg (Jamison and Holgaard 2008; see table 1). 

TABLE 1 HERE

The most common approach can be characterized as a kind of supplementary, or add-on knowledge, usually aimed at providing the students with an understanding of some of the economic, or “market” conditions in their technological or scientific field. Typically, the course work and advising focuses on marketing and management and the business of innovation, 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. In this approach, scientific and technological development is presented as a kind of economic innovation process, and the students are introduced to what might be termed the “story-line” of innovation as discussed, primarily by economists of innovation, according to the dominant “discourses” of scientific and technological policy (Jamison and Hård 2003).  This is the type of contextual knowledge that is most often taught to students in educational programs in electronics and information technologies, as well as in some of the more traditional fields of engineering (civil, mechanical, and environmental).

A second approach that is used in Aalborg, especially in the physics and mathematics programs, as well as for surveyors and architects, focuses on theories of science and provides what might be termed an academic approach to contextual knowledge. This is more of a complementary, or extra-curricular knowledge, offering students an opportunity to reflect on the underlying values and theoretical, or paradigmatic assumptions of their scientific-technical field. The courses provide an introduction to the philosophy of science, presenting the different historical approaches and contemporary debates between realists and relativists, empiricists and rationalists, and in the project work, the students are often encouraged to use these philosophical ideas to consider the ways in which scientific knowledge is produced, or constructed, within their own fields, and sometimes the ethical implications of their particular scientific/technical project. Through the years, there has been an unresolved tension, among the teachers, as to which kind of contextual knowledge should be emphasized. Since the teachers of contextual knowledge are more or less free to do whatever they want within their particular educational program, there has been relatively little cross-fertilization, or combination of the different approaches. 
A third type, and one that we have tried to develop in the new educational program in nanotechnology, can be termed a socio-cultural approach to contextual knowledge. Here the aim is to connect, as much as possible, the technical-scientific components of the project work to the broader culture, and to bring together the more instrumental ambition of the market-oriented approach with the reflective ambitions of the academic approach, to help foster what we have come to term a hybrid imagination. Under the broader headline of “technology, humanity and society” for the entire first year engineering education program of the 2006/2007 academic year, we gave a course in “Nanotechnology, Science and Society” for the students within the nanotechnology program. The course aimed at providing a common point of departure for the students, as they developed their particular interests and perspectives for integrating contextual elements into their project work. In our lectures we have introduced the students to the cultural history of science and technology, drawing on the book, Hubris and Hybrids (Hård and Jamison 2005) and to the public debates that have taken place in relation to nanotechnology. In table 2, there are titles with brief “bullet point” notes of contents for each of the six lectures during the first semester and the three lectures we gave during second semester. There are also a links to web-versions of the power point slides for all nine lectures.
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 As we have also emphasized in the program on biotechnology, where we have adopted a similar approach, the contextual knowledge that we offer for the nanotechnology students is meant to be an integral part of their emerging identity as nanotechnologists. For us, nanotechnology cannot be responsibly practiced – or taught – without an understanding of its relevant social contexts. We attempt to introduce the students to political and ethical issues associated with nanotechnology, and help them in their project work to learn how they might address, and, at best, assess the social, cultural and/or environmental implications of their particular scientific-technical project.
The student projects are problem-based and conducted by groups usually between four to seven students, and normally the group work results in final reports that balance technical elements and contextual knowledge. During the semester groups meet with the advisors on a regular basis, normally with a high degree of interaction in the initial phase, when the groups develop and outline their projects, and towards the end of the term. The main advisor from the students’ own department, who is responsible for the scientific and technical aspects of the project, and the contextual advisor co-examine the students at the end of the term, and even if there clearly is an ongoing struggle for authority between the main advisors and contextual advisors, the best reports – with best evaluation - are evidently those that succeed in integrating scientific-technical understanding with appropriate contextual analyses.
The projects that several of the groups carried out in the academic year, 2006-2007, which was the first year that we were allowed to take part in the nanotechnology education, combined an impressive understanding of the relevant scientific theories and experimental practice with insights derived from the social and human sciences. Some conducted surveys of public attitudes to nanotechnology, another tried to connect nanotechnological applications in solar energy to the public discussion of global warming, and another explored the relation between nanotechnology and the military. Of course, the contextual knowledge that the students acquired is rudimentary, but, compared to what most science and engineering students – and, for that matter, most working scientists and engineers – actually know about the social contexts of their fields, it is by no means trivial. And in a new field like nanotechnology, where the social and human implications are still far from clear, it seems particularly useful to offer qualified instruction in such matters.
In the following pages, we will attempt to exemplify how the hybrid imagination has come to be fostered in the group projects of our first year nanotechnology students.
Turning nano green: on raspberries as solar cells

The course that we gave in “technology, humanity and society” for the nanotechnology students took place around the time when Al Gore was conducting his world tour on the “inconvenient truth” of climate change; indeed, he came to Aalborg in January, 2006, and spoke to great fanfare – and student interest – about the importance of taking global warming and the challenges associated with climate change seriously. And so it was perhaps not surprising that one of the nanotechnology groups came up with the idea of relating their technical project work to the climate change debate. 

Nanotechnology and climate change were both discovered at about the same time, in the late 1980s. The one emerged from the meeting of Richard Feynman’s speculative remarks about there being life at the nanoscale and the development of new scientific equipment, especially electronic microscopes using laser sensors that made it possible to “see” reality at the nanoscale. The other emerged from findings by atmospheric scientists and climatologists, using advanced scientific equipment of their own, that seemed to provide evidence for speculations that scientists had been making for many years that the earth’s atmosphere could be affected, and its climatic conditions altered by excessive emissions of carbon dioxide.  

The two fields of technoscience, however, have rarely met in the years since, as they have been subjected to very different forms of “cultural appropriation,” both institutionally and intellectually  The one – nanotechnology – has become a well-funded and rapidly developing field of technoscience, and a much discussed topic for the next big thing in science-based economic development, while the other – climate change – has become a much discussed topic for science-based policy deliberation, with the Intergovernmental Panel for Climate Change (IPCC) providing the subject matter for public debate and controversy, as well as the basis for international agreements, most famously the Kyoto Protocol of 1997. 

Perhaps the mention of the missing connection between climate change and nanotechnology, and, more generally, of the relative lack of interest on the part of environmentalists in nanotechnology in one of the course lectures helped set the stage for a student group to attempt to link the two fields in their project work. The list of technical project proposals provided by the main advisers included the “raspberry solar cell”, which had been developed, primarily for educational purposes, as a way to teach some of the basic principles of nanotechnology, and not least, nanofabrication to chemistry and chemical engineering students in the US, and learn something interesting and useful, as well.
Under our encouragement, the student group was able to produce a report that was a model of knowledge integration and a good example of the Aalborg approach to contextual knowledge at its best. The group combined an ambitious, and highly enterprising technical research activity with a serious effort to explore the climate change debate and the role that their solar cell, and other kinds of renewable energy, could play in dealing with climate change in a meaningful way. As the students put it in the synopsis of their report:

This report concerns the problems with global warming and investigates how dye sensitized solar cells (DSSC) might solve some of these. The report starts from IPCC’s Fourth Assessment Report and analyzes the current global warming discussion. Next the possible technological solutions to the global warming problem is briefly described, and the DSSC is described in detail.

The students tested other substances than raspberries in order to improve the efficiency of the solar cell (spinach seemed to be more effective in some experiments than raspberries, and at the oral examination at the end of the semester, they discussed the possibilities and technicalities of combining various substances in the dye for the solar cell, coming up with the idea of a “spinberry solar cell,” using both spinach and raspberry molecules). The students corresponded with scientists and engineers at companies and research institutes in Denmark and Germany to obtain better materials than were available in the laboratories that are used for the first year students in Aalborg, and produced several alternative products that they displayed and tested at the examination.
PICTURE 1 HERE?
They also developed a basic understanding of the quantum mechanical theories that are relevant for nanotechnological fabrication, as well as a familiarity with the basic principles of solar energy and electrical transmission. The project also involved a detailed assessment of how dye sensitized solar cells could be used in society, and, in particular, in energy neutral houses. After reading and discussing a number of different reports, in particular, the so-called Stern report (2007) from the United Kingdom on the economic implications of climate change, and the Energy Plan 2030, produced by the Danish Society of Engineers (2006), the students carried out a SWOT analysis of their raspberry solar cells, using established methodologies of technology assessment (figure 1, below):
FIGURE 1 HERE

The project on raspberry solar cells can be considered an example of the hybrid imaginary action in action. The students managed to connect two very different fields, or problem areas, of science and engineering, and, at the same time, learn very different skills and forms of knowledge. They acquired an understanding of the natural scientific theories that are embedded in solar cells, and gained experience in conducting experiments and working with scientific laboratory equipment, as well as obtain a basic orientation in the climate change debate and some of the key policy documents. Most importantly, the students, in their report, combined the technical-scientific sections with the contextual sections in a coherent fashion. What are usually quite separate and distinct parts of most project reports were, in this case, well connected and integrated, and the report began with a discussion of the contextual issues rather than, as is normally the case, the other way around, that is, starting with the scientific theories. The problem, on which the learning process was based, was a contextual, rather than a scientific/technical one.
Probing and invigorating public debate
Two groups of engineering students in our program decided to take a serious interest in public concerns about nanotechnology and to create dialogue between citizens and academics. They took on the task of exploring public opinion about nanotechnology and infusing dialogue on the issue. Methodologically inspired by studies within the field of “public understanding of science,” both groups developed questionnaires to gauge public understanding - in the broadest sense of the word – of nanotechnology. Internationally, only few attempts have been made at systematically examining public attitudes to nanotechnology based on survey research (cf. Gaskell et al 2004). However, several European and other studies have explored public attitudes to biotechnology over the last two decades and these surveys worked as sources of inspiration for the groups (cf. Gaskell et al 2006). Based on insights from these previous studies, the students’ surveys concentrated around issues such as public trust in scientists and public institutions regulating and administering nanotechnology, citizen knowledge about nano-science and technological applications, attitudes and expectations regarding societal implications of nanotechnology, and public engagement in various activities for acquiring information about nanotechnology and for influencing public policies.
In terms of research focus, objectives, conceptualisations, and the crystallization of specific hypotheses, the groups worked along similar lines. In terms of data collection strategies, though, they chose rather different designs. One group posted their survey on a number of websites and passed it electronically through their personal networks and to staff and students of several Danish universities. The group was very aware of the implications of web-based data collection for the quality and validity of the data and discussed issues of randomization and representativity at some length in the report. Literally cost-free, this data collection procedure lasted three days and resulted in a total of more than a thousand respondents, out of which nearly one in ten had also – encouraged by the group - commented on the survey design and the issues at stake in an open-ended question at the end of the questionnaire.
The second group conducted close to two hundred face-to-face interviews with people in a nearby shopping area, randomly selected and screened to meet criteria of representativity in terms of basic socio-demographic background variables, age and gender. The sample obviously did not represent the Danish population, as all interviews were done in the city of Aalborg; however, the entire exercise was more about understanding the methodological and practical aspects of different strategies for data collection than about getting a perfect sample.
The efforts of the groups are interesting for a number of reasons. 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 social scientists involved in studying public understanding of science are mediators between science and society, which is obviously a useful task, but none the less, direct interaction between scientists and citizens is an important part of keeping science accountable to society and scientists informed about society. Or in the words of the groups:

It should be continuously specified how moral and ethical boundaries are understood in a technological context… dialogues between scientists and citizens can serve to define these boundaries (group 1).

The more that ordinary citizens are involved, the less fearful they will probably be towards the changes that new technologies bring about. The aim of the dialogue is not that citizens should take a supportive position, but that they will contribute, critically, towards solving problems (group 2).
One of the survey-groups explicitly emphasised the dialogical dimension by conducting their data collection in a two-step procedure: first, they asked their respondents to complete the questionnaire, and secondly, they encouraged and sought a non-formalized discussion about the survey, the questions, their line of study, the university, and nanotechnology with the respondents.

The nanotechnology students’ surveys represent a direct link between producers and (potential) users of nano-knowledge. They are not appendix studies to “sound science”, but an integrated part of the research process, which contextualizes and situates scientific knowledge, while it is being produced. It creates dialogue and (in the case of one of the groups) direct, physical interaction between scientists (or students, as it were) and citizens. One thing that empirical studies of PUS have persistently shown is that citizen trust in scientists – interpersonal identification – is a main driver for public acceptance of controversial technologies. Basically, most people need to feel able to rely on the engineers behind the technical artefacts and processes they are confronted with in their daily life. In fact, intersubjective trust is much more important than objective knowledge of the factual, technical aspects of technologies when people make up their mind about how to assess new technologies. Interestingly, both groups came to this conclusion in the course of their surveys, but no less important, they practically experienced the advantages of direct communication with lay persons when collecting the data. In a strange way, their activities and search for public concerns about nanotechnology may in fact have brought about much more public appreciation than ever so glamorous PR activities would have done.
The two projects are also interesting because they manage to integrate a technical problem and laboratory work on the one hand with a contextual issue and social science research methods on the other hand, and feed it into a coherent structure and project report, even if it was done in different ways. One group worked, in the technical parts of the project, with carbon nanotubes and used the survey to investigate public perceptions of risk and toxicology, knowledge of nanoparticles, and opinions related to health issues. The other group compared, in a laboratory setting, the strengths and weaknesses of different basic methods for measuring at the nano scale, using scanning probe microscopy and optical spectroscopy, and used their survey experience to discuss parallel methodological questions of how to operationalise and measure in social science research.
In terms of analyses and results from the survey work, both groups came to conclusions which appear entirely plausible, based on what we know from similar research: that public knowledge of nanotechnology is still limited, that attitudes are strongly associated with personal efficacy and trust in scientists and public authorities, and that women and people with less education are more sceptical than other segments of the citizenry towards the societal implications of nanotechnology. Another main result of their learning process, though, was the development of a strong commitment to engaging in dialogue with lay citizens. The students really entered the ”agora” for nanotechnology, in which scientific developments are communicated in public while the legitimacy of these developments and the knowledge society in general is negotiated by means of civic participation. Once again, the meaning is in the mixing: of scientific insights and public concerns, of technical advancement and reflexion about moral, environmental and social implications, of academic identity and critical engagement in society. By fostering their hybrid imagination, the students have themselves developed a hybrid identity, a “scientific citizenship” (Mejlgaard 2007) which simultaneously embraces scientific competence and social responsibility.

Conclusions

The challenges facing science and engineering in the contemporary world require a fundamental rethinking of science and engineering education. Both the challenges coming from commercial pressures, as well as the challenges coming from the broader culture, especially in relation to climate change, call for significant and substantive reform of science and engineering education. It is necessary to combine, much more ambitiously than is generally the case, an understanding of both the economic, political and environmental aspects of science and engineering with teaching of relevant technical skills and scientific knowledge. There is no magic formula as to how this integrative approach to education can best be achieved, and it has proved difficult to find place in an overcrowded curriculum for meaningful instruction in contextual issues. 
The examples of student project work in the nanotechnology program at Aalborg University that we have presented in this article indicate that there is an enormous potential for bringing contextual knowledge directly and explicitly into the education of scientists and engineers. These examples also show that it is possible to combine contextual knowledge with scientific/technical knowledge in a meaningful and integrated fashion. While learning how to make nano-engineered solar cells, science and education students can also learn why solar cells are important to develop, and while learning about carbon nanotubes, students can also learn how to investiaget public attitudes to nanotechnology. Obviously, the projects we have presented are exemplary cases. In the other nanotechnology groups, the contextual knowledge, while important and interesting to the students, was quite separate from the actual scientific/technical part of the project work. One group that investigated the military implications of nanotechnology, and wrote about some research projects financed by the US Department of Defense, made no attempt to bring this contextual knowledge into their report in more than a marginal way. And, as is the case in all of our first-year educational programs in Aalborg, the contextual knowledge was not given equal “weight” in the evaluation of the reports. It is one thing to require a section of the project work to be about contextual knowledge, and quite another for that knowledge to be combined with technical and scientific knowledge in a serious and meaningful way. 
An even more serious problem has been the resistance of the science and engineering teachers in the nanotechnology program to our involvement in the educational program. In the last two years, they have succeeded in removing the contextual knowledge advising from the second semester project work, and thereby eliminating the possibility for the students to integrate contextual and scientific-technical knowledge into their projects.  Indeed, there is pressure in the nanotechnology program, as in most of the educational programs in science and engineering at Aalborg to limit even further the the teaching of contextual knowledge, and focus exclusively on what we have termed market-oriented approaches. The fostering of the hybrid imagination among science and engineering students at Aalborg University is under serious threat, but our experience shows that it can be done, and that it can serve to enhance social awareness, responsibility and reflection, and counteract the commercial hype that is so rampant in nanotechnology, as well as in most fields of science and engineering in the world today.  Perhaps our experience in Aalborg can at the very least make some small contribution to a necessary discussion about the future design of science and engineering education.
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