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Communication and education on nanoscience and nanotechnology in museums and science centers appear as a contribution to the still incipient science-technology-society dialogue. Exhibits on emerging scientific and technological issues are not frequent in museums and science centers, although being an excellent setting to present and discuss novel topics during their initial stages, while the public is still shaping their representation1. Exhibits are indeed appropriate means of communication2 to show the way that science and technology are structured. Thus, it is possible to start a discussion and public dialogue on a certain field prior to its consolidation.

In the case of nanoscience and nanotechnology, some of the exhibitions were developed within the USA through close cooperation among museums and research institutions, as those proposed by the Nanoscale Informal Science Education Network
 (NISE) (http://www.nisenet.org). Interactive exhibitions, such as Nanoworld Discovery Center from the Discovery World Museum, in Milwaukee, USA (Ellis & Krajniak, 2001), the experience of MRSEC
, the exhibition 'It's a Nano World’ (http://www.itsananoworld.org), and, more recently, the exhibition ‘Too small to see’ (http://www.toosmalltosee.org), both from the Sciencenter, Ithaca (NY), are just some of the examples of these new initiatives. Other examples can be found in Canada (see http://www.strangematterexhibit.com) and several countries of the European Union, with rather interesting results concerning the public debate on nanotechnology (see, for example, http://www.nanodialogue.org). In Latin America, the design, construction and operation of the NanoAventura
, an interactive and traveling Brazilian exhibition on this topic, has been a challenging collaborative experience among the Universidade Estadual de Campinas (State University of Campinas – UNICAMP, http://www.unicamp.br), Laboratório Nacional de Luz Síncrotron (Synchrotron Light National Laboratory – LNLS, http://www.lnls.br) and the Sangari Institute (http://www.institutosangari.org.br/). 


The NanoAventura exhibition (http://www.mc.unicamp.br/nanoaventura) was developed in 2005, as an important piece in the process of consolidation of the new Museu Exploratório de Ciências – UNICAMP 3. The proposal was to develop an interactive exhibit that would attract the interest of children and adolescents (particularly of ages 9 to 14) to nanoscience and nanotechnology, creating a space for learning and entertainment. Within this perspective, NanoAventura was conceived as an invitation to explore the nanoscopic world in a playful approach, through images, music and computer simulations.

This non-formal educational experience aims to motivate scientific interest and curiosity on this new emerging field and it is based on interactive games and visual communication techniques that present basic notions on nanoscience and potential uses of nanotechnology. The one hour guided exhibition was designed for a maximum of 48 participants. It presents a brief introduction to the so-called nanoworld through an introductory video together with a performance made by a presenter, encouraging visitors to manipulate objects in the nanometer scale through collaborative computer games. The collaborative games were designed to avoid as much as possible any science fiction, pretending to be instruments used in the present or future applications of nanotechnology (see Table 1). After the games, a facilitator makes a summary of what the participants have seen, and data obtained from the actual performance of the teams is used to stimulate the participants. Finally, to close the session, a 3D video visually recovers some of the previously presented ideas, extending the experience to further questioning. It is worth mentioning that each teacher that visits the exhibition with his/her school group receives an introductory brochure with an introduction on Nanoscience and nanotechnology, including several suggestions to work with the students in the classroom. Frequent workshops with teachers are also provided.
	GAME
	DESCRIPTION

	Nanobiotechnology game
Goal: The team needs to heal as many as possible ill cells with nanoscopically encapsulated specific drugs that are directly injected into the nucleus of the cell.
Figure 1 
	Each visitor has in the projection in front of him/her, three kinds of molecules of drugs and he/she must choose one, encapsulate it with nanoparticles, and inject it into the sick cell, which is the same for the whole group. If the molecule is not encapsulated, it cannot reach the cell. If the chosen drug is the correct one, the overall health of the cell improves. The participant notes that which is the correct drug because it gives him/her (and the group) more points. The group interaction occurs naturally, because when one of the players discovers which medicament gets more points, he/she informs his group partners, so the task can be finished more quickly. Each person has three panels: one that indicates the health of the cells, another one that shows his/her own points and a third one which gives the total score of the group. Each time one cell is healed, another ill one comes in and the game starts again. In each change of cell a different medicament is more effective. 

	Manipulating atoms
Goal: to remove impurities of a sample using atomic force microscopy (AFM)
Figure 2
	 The group must work together to clean the surface of a sample, removing the impurities that in this case are individual atoms and atom lines, forming nanowires. After a brief introduction, they have some minutes to remove as many impurities as possible. The task of removal of individual atoms can be done by a single player, but eliminating the nanowires must be a collaborative work. Each player has his/her own AFM microscope and a panel with the individual and the group´s total points.

	Virtual tour
Goal: to visit the environment work of nanoscience and nanotechnology
Figure 3
	With a strong exploratory character, this game consists in a 3D virtual visit, where the participants have to perform few basic research tasks, such as finding a sample, taking it to the microscope, and then to a synchrotron beam line, for example. The tasks lead the players to visit three different scientific environments: the Brazilian National Synchrotron Light Laboratory (LNLS), the UNICAMP labs on nanoscience and the so-called “room of knowledge” in which some real simulations are shown. The players can meet with each other and interact in this specially designed virtual environment. At some places the visitors meet robots that give them basic explanations about the place and the instruments they observe.                                                             

	Assembly line
Goal: to simulate a nanocircuit assembly line.

Figure 4
	The players are distributed around an apparatus that looks like an assembly line. This setup has the purpose of making the players feel like using real scanning microscopes that allow them to manipulate nanoscopic elements (fullerenes, nanotubes, gold nanowires) to build a pre-designed nanocircuit. The task is briefly shown for the players to observe the expected pattern and thus the jigsaw must be performed by groups of four participants in less than 50 s.


Table 1 : Description of the games 
Nanotechnology from the public 

The inherent difficulties of presenting concepts based on unfamiliar notions and on elements that are not seen by the naked eye in an exhibit appeared as the most important museographic and communicational challenges4. It should be pointed out that at the time that this exhibition started to be planned, there were no systematic data available regarding either the public perception or of the level of information on nanotechnology in Brazil. Also, there is frequently a gap between knowledge and the ideas people actually have and those which researchers assume as previously known and understood5. In our case, the focus and level of complexity of the exhibition was defined on the basis of a front-end evaluation6 carried out with a sample of the public defined as the main addressee.

Results have indeed shown the previous ignorance of the specific subject and revealed some interesting facts about the concepts present in the target audience regarding the structure of matter and the perception of sizes, which turned out to be quite distant from that of the nanoscopic scale7. This led us to emphasize what we consider basic notions for the construction of more complex scientific concepts: the nanometric scale, the corpuscular structure of matter (atoms and molecules) and the possibility that scientists and engineers have nowadays to manipulate elements at such reduced scale. Furthermore, the exhibition shows, through the participation of researchers and images from local laboratories, that this area of investigation is also carried out in Brazil.
A deep evaluation has been carried out since the opening of the exhibition, and the results show that the experience is of high impact for the target public. By means of questionnaires and interviews with both scholar and non-scholar public, we believe that the exhibition offers the possibility of getting the public to be enthusiastic owing to a kind of double “discovery”: the existence of minute particles, much smaller than the smaller one known to them, and the actual possibility to manipulate them. Present and future applications of nanotechnology are also an attraction factor, and its applications in the area of health appears as the most exciting to the public.
Nanoscience and nanotechnology, terms previously unknown to the visitors, appear to become significant after the visit to the exhibition.  We have performed a survey with primary school children as well as secondary school children (n=814), and with non-scholar public of different ages (n=150) who visited the exhibition in the city of São Paulo.  Generally speaking, NanoAventura was considered to be a place where they found conceptual innovations. When asked new things that were learnt during the exhibition, nanoscience and nanotechnology appear as the most quoted ones (30.0% and 47.3%, for scholar and non-scholar public respectively). Within this group there were mentions to nanobiotechnology (38.1% and 39.4%), nanoscience (19.7% and 9.9%) and nanotechnology (42.2% and 50.7 %). Also, two of the main thematic focal points were also mentioned: the existence of small particles (19.8% and 10.0%) and of nanometric measures (15% and 8 %). Within the school public there were also answers (4.3%) mentioning some general aspects of science and technology. 

When specifically asked about the meaning of the term nanotechnology, more than half of the answers attempted to describe it appealing to some of the characteristics that indeed define it. In doing so, two of its main characteristics are mentioned: length unit and/or scale (13.9% for school public and 21.3% for non-scholar public, respectively) or referred to tiny particles (24.9% and 16.7%). There were also general definitions (11.5% and 10.7%), which appeal to an advanced technology, which would be new and useful. It is worth mentioning that nanotechnology was also defined as the application of nanoscience, without further explanations (10.9% and 13.3%). Finally, it was also defined as “science of…”, showing a vague limit between science and technology. 

These results lead us to think that in the context of the exhibition there exists an understanding of some of the fundamental characteristics leading to the definition of the concept of nanotechnology.  Also, we realized that processes are not specified, but we did find definitions of the type: “I learned that some things can be done with the same atoms, only changing from one place to another”, which show that the exhibition may be a good space for approaching the subject. It should be stressed that, from our conception, the educational role of an exhibition is precisely to act as a meeting place with new ideas and models, a space where interest and curiosity can be stimulated. Thus, as from an idea of long term learning8, the experience of the visit to the exhibition may nourish personal formation and incorporation of new concepts which become adjusted along time

As to the attitude regarding such complex subject, we can assert that the studied public seems to have an optimistic vision of the technological development in which their concept of nanotechnology is anchored. This view partly coincides with the results of the more ample studies carried out in the USA, where part of the public has a positive position –or at least neutral- regarding nanotechnology9,10,5  This position is advantageous from the communicational point of view, since it permits starting a dialogue with a public with disposition to discuss, not acting on the defensive. Nevertheless, previous experience with other technologies shows that this is a rather delicate field to deal with, and that many efforts need to be made in favor of an adequate public communication of science and technology; in this case, of the promising and controversial future of nanotechnology.  
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