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Article

Challenges of an exhibit on nanoscience and
nanotechnology

Sandra Murriello, Djana Contier e Marcelo Knobel

This article presents some of the challenges fagetkveloping an interactive exhibit on nanoscience
and nanotechnology in Brazil. Presenting a scientéchnological area which is still in formatiomd
which is little known by the population leads t¢r@)consideration of the role of museums and s&enc
centers in the conformation and consolidation démstific practice itself. Museographically, the éxh
deals with the challenge of making matter visilrlean expression which is distant from the human
perception. Some reflections are presented herth@mption of musealization chosen which come from
a broader evaluation of the exhibit.

Introduction

NanoAventurawhich was developed in 2005 as part of the pmoésonsolidation of the UNICAMP
Exploratory Science Museum, is the first exhibigamized by this institutioh.The proposal was to
create an interactive exhibit that would attraet itterest of children and teenagers (9 tol4 yé&ts)do
nanoscience and nanotechnology, generating a sfmacéearning and entertainment. Within this
perspectiveNanoAventuravas conceived as an invitation to explore the saopic world in a playful
fashion through images, music and simulati¢ns (&dl).

A guide leads the hour-long visit, composed of wEleand electronic games for a group with a
maximum of 48 participants. A video, developed emly for the project, introduces the notion of
scale, presents the fundamental aspects of nanoscaand nanotechnology, and shows the development
of these areas in Brazil. In the next stage theigns divided into four smaller groups which move
through the game stations. Three of the electrgaimes allow the manipulation of virtual objects,
simulating laboratorial and industrial practiceshieTfourth game is a virtual to@iwhich invites the
visitor to explore LNLS and UNICAMP research spacHse experience finishes, once again returning
to the larger group, with the presentation of a\d8feo that visually recovers some of the previously
presented ideas.

The development dilanoAventureghas been evaluated since its initial ph Rddluation being a
practice that has already been consolidated iwthkel’s museums in the last decades, this tool dezéded
upon in order to constantly improve the productgettisned and to better accompany the processes and
interactions that happen during the experienceluatians in museums can be classified according to
objectives, paradigms of reference or the focustefest and, according to various authors, theiments
and phases receive different denominations and wss@ous instruments| [8].[28].[18].[2D]. For
NanoAventurathe classification used as a reference is thagiqeed by théudience Research Centafr
the Australian Museum hitp://www.amonline.net.au/amarc/pdf/research/exbi_evaluation.pdf
which considers front-end, formativeremedial and summative evaluation phases. In teofns
methodology, questionnaires were the principalsaged, given that they are instruments which are
appropriate for the proposed ends and for the tiondi of the expository context. Interviews and
observations were also used in order to collec.dat

The objective of the front-end evaluation, carried in the planning phase, was to identify the eéarg
audience’s previous knowledge of contents to bdt deithin NanoAventura By using the dominant
ideas as a point of departure, the results progefllin the design of the proposal and the dédiniof
a general script. The remedial evaluation, whidktplace with the general public and school-agdipub
in 2005 during the beginning months of operatidroveed the exhibit’s positive points and problemd an
oriented decisions for improvement. The summativaluation is still underway and plans to probe
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Figure 1. Some images dflanoAventuraPhotos: Nelson Chinaglia (LNLS).

deeper into the analysis of the interactions ofghblic with the games and among partners, just as
also seeks to evaluate the affective, social amphitive gains of the exhibit. There are also plams
study the analysis of the impact of the exhibiteolong-term basis, using the stimulated recall wth
[24]|with groups that have already visited the bithi

This study highlights two of the main challengesef@ in developingNanoAventurathe arousal of
interest in an emerging science and a technolagpyatte still distant from the everyday lives of tasget
audience, and the musealization of that which aainbe seen by the naked eye. Some results of the
evaluation of the museographic proposal used aediscussed.

The first steps of an exhibit

Nanoscience is recurrently referred to as a neensei. However, the study of elements on a nanametri
scale existed before being denominated as suchd@Welopment of appropriate instruments to observe
and manipulate these elements had a strong pusie ilast two decades, leading to the emergence of a
new technology that appears on the scene witlhégesof promises and uncertainties. Nanotechndbgy
the engineering of materials from atoms and mokssuimaking it possible to use the results of
nanoscience in order to manipulate and reorgarar®particles and thus promote other combinations
and, with this, elaborate new materials and devitéss is an emerging technology that is among the
investment priorities in S&T, which have been exgatially multiplied in the last deca@Q] but wihjc
according to research on this area in differennhtées, is still far from the concerns and inteseasftthe
largest part of the population.

Opinion polls done in the USJA [4], the UK J1] anttetcomparison between Canada and the [5]
show that people are still unfamiliar with theserte. Having some differences in the distinct cotgex
the general attitude is of optimism in the facenefv technological promises. Einseidel's study shows
that these expectations are linked to improvemanthe quality of life and, especially, questiorfs o
health. We do not have systematic information wilgard to opinion in Latin American countries,
where opinion and public perception polls are vesgent and those that do exjst [27],[26] do not
contemplate this specific subject. However, evea ffrobable lack of factual information about new
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technologies is admitted, we believe that this du#smpede the formation of attitudes because they
into a broader relationship with science and tetdgyd[4]

Communication and education in nanoscience andteamaology in museums and science centers
appear as a contribution to the still incipienescie-technology-society dialogue. We know that laihi
on emerging scientific and technological themesrmta frequent practice in museums and science
centers. The exhibition of scientific controversie®ven less frequent. When this does exist, éven
more difficult to resolvdﬂ]. We consider this arent path to be attended by institutions thattdry
contribute to the science-technology-society diaogand that should redefine their role as mere
transmitters of scientific principles in order t@ lzonverted into spaces of reflection and debate.
However, this transformation requires a more intdgmgrocess that will lead to the reversion of the
traditional role of scientific communication beidgpsed on a deficit mod@% This, as Hooper
Greenhill[[19] shows, has also been the dominartehio science museums.

Being aware of the distance of the topic for thegeh audience, we question, in the front-end
evaluation, about the previous ideas and knowldédgeare linked to nanoscience and nanotechnology
Less than 20% of the sample of 72 studemsfthe Campinas and S&o Paulo public and private
educational systems were familiar with the wordmoscienceand nanotechnologyIn this same
sample, no one dared to define these terms. Morgtsens which are part of a school curriculum
and which are key concepts to the interpretatiothisf area, such agom, moleculeandcell, appear
as vague definitions that are scientifically inemtrand even inverted. These terms appear, at,times
linked to the idea of component, fraction, congittipiece of something larger. At the same time,
however, the dominant idea is that matter is mgdefusmaller pieces of itself. These results aterte
us to the difficulties of a conceptual comprehensitd nanotechnology, raised concerns about the
concept of matter, and helped to define the thenfati to be dealt within the exhibit.

The difficulties of presenting a science basedhat which is not seen by the naked eye in an exhibi
appeared as one of the museographic and commumiahithallenges. This same concern had been
brought up by the evaluation team of ths“a nanoworld exhibit,* developed in the US@]. Aimed
at children ages 5 to 8, this exhibit's goal waptesent the nonvisible universe from macro to onard
from there to nano, taking into consideration tle&ian of scale as one of the greatest obstaclethéor
understanding of nanoscience. The front-end evaluaif NanoAventuraalso showed that the target
audience’s idea of small was quite distant front tifathe nanoscopic universe. The smallest objects
recognized were objects not visible to the nakesl @B8%), of which 83% were biological structures
(such as bacterias, cells or microbes in geneséh, only 17% of responses citing basic structiggsh
as atoms or molecules. On the other hand, 33%spbreses identified objects visible to the naked eye
especially insects such as fleas and ants, asrthkest structures known. Thus the microscopic ensig
linked to biology appeared as the most significard as a possible entryway for contents that aterdi
from the perception of children and teenagers.

The scale in which nanoscience and nanotechnolpgyate demands images from specialized and
delicately manipulated instruments. The object'sage and the simulations are the forms of
approximation and experimentation in the nanoscopamrld. What, then, is the possibility of
“musealizing” these objects? Various authprs [P&]Jdefend that the “authenticity” of the objects —
their materialness — constitutes the differenti@racteristic of museums. Without any doubt, threddi
contact with material objects attracts attentiorgkes emotions, and stirs the visitor, charactegizhe
museal experience. Even though agreeing with sitipn?’ we ran into difficulty in the planning of the
exhibit that was directly linked to the nature afr anuseal object. How to set up an exhibit withl rea
nano-objects? The proposal of developing a virfegresentation of these manipulatable objects by
means of multimedia resources seemed to be amaptéd offered an expository solution and that woul
serve to simulate a context similar to that of labories, thus avoiding having to deal with the sjios
through the use of science fiction elements.

On the other hand, the use of a virtual languagewlas nearer to the target audience challengéal us
develop an innovative expographic approximatiorthos topic. As HaI affirms, interactive viral
proposals have come to science museums to stay. drkeentertaining and relate to the daily lifeaof
young audience. Without attempting to affirm thastence of a homogeneous “net generation”, and
recognizing the differences in approximation angbyment of this language, as well as preferences
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according to genddr [1P], we believed that this lddoe an easily-accessible language and one that
challenged the learning-entertainment binomial Wh&in debate in science museums. Several studies
defend the development of new cognitive abilitiesassiduous videogame players, but there is still a
need to better understand how this language, aadyfte of interactivity that it proposes, helps the
learning of scientific concepts. In addition, resbain museums has already shown that the fachof a
apparatus, device or module being interactive adban, does not guarantee that it will be minds-on
and much less — in the words of Wagenb[28] artbeon. How the interactiveness of electronic
games contributes to learning is still an open toesThe incorporation of games in the exhibit was
also recognized as an opportunity to contributthéofield of study of the interaction that occunsthe
exhibition of these objects. The incorporation béde resources allows a more in-depth probe of
research on the use of multimedia resources in zmhtes@ibit. This continues to be evaluated an
we present the preliminary results in this study.

Game evaluation

The four games were especially developed for thebéx and their aspect fits into the environmeht o
strong visual and technological appeal that wasehdor the exhibi 1). These games makefise
joysticks and buttons, resulting in easy manipafafor an audience that is already familiar with tise

of domestic electronic games. In the remedial eatan, carried out in the first months of the exhilve
detected that over 85% of visitors — of which mtiran 65% were students from public and private
institutions — were regular or assiduous playetss Pprevious knowledge was important not only to
show the adaptation of the selected proposal tdatget audience, but also to be able to evallege t
games. Ergonomic problems and problems of playabilere detected in the remedial evaluation and
resolved during the actual functioning of the eihiBecause of a mere lack of time, a formative
evaluation was not developed for these games.Whidd have permitted the detection of some of these
problems before opening to the public. This fadlyaonfirms the importance of this practice and its
consideration starting in the general planning phas

As it has already been shown in other interactifglats, multiple-user games are used for more time
than are individual games. Moreover, they favoriaddoteraction].NanoAventura; games were
designed as team games — of up to 12 people —angthilaborative nature, permitting the users toehav
control of their individual and collective scoringuring the experience competition is stimulatedag
the different groups only as a way of improving tlevelopment of the tasks and always pointing out
that there are no winning teams.

The remedial and summative evaluations, which #teusiderway, provided, among other things,
information on the advantages and disadvantag#geajames that were developed. The results obtained
in the remedial phase allowed us to introduce stadenical changes and improvements, which we are
still evaluating in terms of effectiveness.

Based on the computer game categorization develbgehfalone and Leppdr [2P] and on that of
Perry’s|[22] motivating exhibits, we created ourroeategorization to evaluate the games:

1. Challenge stimulus to surpass one’s own performance

Curiosity : generation of questions and doubts about the topi

Cooperation: collaborative social interactions in pairs andhwhe monitor

Competition: stimulus to surpass others

Playability : clarity of the proposal and the workings of ttzemg in the context of the exhibit
Meaning: meaningful topic/close to the visitor's experienc

Ergonomics comfort for carrying out the task

No oasMwDd
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Nanomedicine
Objective: in teams, save sick cells w
medication that is covered with a layer
nontoxic material.

tfnject nanomedication into a sick cell.
oplayer should choose and cover the medicat

and
ch

ion,
Il.

At this station, the players have to prepare
Ea

before sending it into the interior of the ce

Those who discover which of the medicationg is
the most efficient has to tell their teammateq in
order to save more cells.
Virtual tour This is more of an exploratory environment
Objective: to become familiar with thedeveloped with game technology than actually a
environments in which nanoscience gniypical videogame. Here, each visitor is part gf a
nanotechnology are worked with. team of scientists and collaborates with research
tasks at LNLS, at UNICAMP and in the

knowledge room, an environment created for this

game.
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Nanocircuits Just as scientists use atomic force microscopes or
Objective: to simulate the assembly |ofanomanipulators, in this game the visitor
nanocircuits. controls one of the stages of a nanocomponent

circuit assembly line in the way that this wjll
possibly happen in the future, thus assembling
nanocircuits in teams of 4 people.

Surface cleansing This game simulates 12 atomic force
Objective: to remove impurities from a sample.Microscopes, each of which is controlled by a
player. Some tasks require work in pairs and
generate higher scoring. The task is to remove
undesired atoms and atom threads from (the
surface of a sample.

Table 1.Description of théNanoAventuralectronic games, with illustrational images. Photos: Nelsonaglia
(LNLS).
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Nanomedicine Surface Assembly Line | Virtual

Cleansing Tour

1.Challenge high high high high

2.Curiosity high high high high

3.Cooperation high high high low

4. Competition high high medium low

5. Playability good good regular regular

6.Meaning high low low medium

7.Ergonomics Regular — height /soungl  Regular — sound Regulanegsoy Regular -

Table 2.Evaluation of theNanoAventuragames.

These criteria were evaluated on a good/regulartiyatdigh/medium/low scale. The results of this
evaluation 2) allow us to see correct agpaetl problems of each game and the set of gan®es as
whole. In this way we can affirm that the gamegaattcuriosity and challenge their users in a weat t
holds their attention within the time available.ganeral, there is the complaint that the timedsshort.
People want to play longer. As Stud5] poimis, several authors show that the involvement with
the task, in such a way that the notion of timelést,” is a requirement for motivating exhibits.
Curiosity, challenge and playability are intrindigalinked. In the remedial phase, the virtual tour
presented various playability problems. The gantetk of objective and the lack of clarity in the
definition of the task to be carried out were pethtout by visitors who quickly lost interest in the
proposal. Because of these results, the game vigrsndated, improving the audience’s response as th
game managed to hold their attention the whole.tif@vever, we are detecting that some difficulties
still remain with regard to the clarity of the peesation of the proposal. These aspects should be
improved in the next phase.

The double nature of the games — competitive atidbmwrative — is worth mentioning. Competition is a
necessary characteristic in order for the gameetcchmllenging. Collaboration intends to stimulate
attitudes of intra-team cohesion by proposing arnomtask. This collaboration presents differingelev
of interaction with partners. In the surface cléagsfor example, this mutual collaboration is eveare
reinforced, generating yet another challenge ingi@e. The visualization of the game score stiraslat
competition with other teams and reinforces intebwads. A common problem in all of the games was
the initial explanation and the interference causgdhe sound of other games. These problems were
partially solved with the use of headphones angrehic explanation of the game that was reinforced
by the monitors.

It is also worth noting that there was greater ptarece of the Nanomedication game, presentingrbette
results in all of the categories evaluated. We liggh that this game is the only one that preséims
application of nanotechnology in the field of hbak topic which is nearer to the visitors’ realiBome
studies[[16] have shown that the acceptance of w@hnologies is linked not only to a cognitive
response but also to an affective response. lalsasbeen shown that the resignification of an leiKki
objects is strongly influenced by previous knowledgd interesﬂp]. It is interesting to thinkttreven
with probable difficulties in defining a cell, treoncepts of medication and disease cure are ciehr a
appealing. This makes us believe that nanobiotdoggcacould be a good entryway, with greater appeal
to a diverse audience.

We prove that control of the situati!2], in aiase game language, is a prerequisite for bemggfiti
from the exhibit. In adults who do not dominate theguage, inhibition or frustrated participatican i
observed in taking part in the game stage. Theaolesis in the interaction with the equipment. hist
case, the experience of the visit as a whole ectdtl. The attitude of maintaining distance inghee
stage was frequently observed in teachers accorimgarieir classes. In a similar fashion, in the
guestionnaires that were answered during the rexhedaluation, those who declare that they neay pl
any type of game are some of the teachers fromislitthg school groupsThis raises doubt about how
beneficial the experience was as a whole for taacired students. On the other hand, we have oliserve
that in family groups, this lack of dominion on tpart of the adults leads the children to explaia t
workings and the basic rules of the use of thepement to their parents or adult relatives (figuyeThis
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Figure 2. Child teaching an older person the nanocircuit assembly game duriNgrbéventuraxhibit in Rio de
Janeiro.

interaction is interesting, for it shows an inversiof the already recognized attitude of parents
“teaching” their children within the museum contfkz]|

Some conclusions

The evaluations carried out reveal that the usgaafies in the exhibit operates as a fundamentairfact
for attracting and entertaining the target audiefoe a public untrained in this language, accessqgs
to be difficult. We believe that interaction wittames still offers the possibility of a more in-dept
analysis in order to draw us nearer to an integtimt of the educational potential. However, wewno
that games should be analyzed in the context oéxihébit and of the visit as a whole. In this senge
already have some results that show cognitive gainthe visit and that satisfy some of our basic
proposals. The approximation of the nanometric escahd the identification of nanoscience and
nanotechnology as the study and manipulation ofenat this scale appear as concepts incorporated i
the visit in our remedial and summative evaluatidie also see a greater appeal in relation to iunesst
of biology and health, leading us to think thatifetactions could be focused on these topics asyaofv
drawing the topic nearer to the public. There i atneed to advance in our study in order to drett
understand the affective gains, but we do haveeiperience of an enthusiastic response and of some
visitors who returned tblanoAventurawith relatives and friends.

ThroughNanoAventurave have seen the importance of the museograpbpopal in order to generate
immersion experiences, the central role that ictéya with others has within the exhibit — in thenges
as well as the experience as a whole, and, weigighthe influence of previous knowledge and iesér
in order for the individual to benefit from the pasal presented. The interaction of these factors
produces an experience, leaves a remembrance ofighe which can be taken advantage of and
complemented in the medium and long term, depenalinpe stimuli that are offered.

Some pending questions

There is a debate on the type of learning thatrsdcumuseums based on different educational cdacep
on the multiple styles of learning and on the fowhsnediation and evaluation. To think of learning
informal settings requires a destructuring of #ment a breaking up of our most consolidated conaept

of learning linked to school curriculum. We undarst that, as is pointed out by several aut [6],
learning in the informal context should be undesdt@nd analyzed outside of this paradigm. The
“learning of free choice,” as defined by Falk & EXing @ better characterizes that which happiens
interactive science museums. The contextual mddekoning developed by these researchers proves to
be useful in analyzing which are the specific chimastics of a museal experience such as that of
NanoAventurain which the physical, socio-cultural and perdorantexts relate to one another over
time.
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A point to be further investigated is the relatioipsbetween learning and entertainment. Some asithor
show that this differentiation is more of a concmnexhibit idealizers than for the visiting publiself.
The search for an experience with an educationalsbenplicitly has an agenda that influences
benefiting from the experience. With regardNtanoAventurawe still need to question the motives of
visits in the case of school outings, which arerttegority of the cases. We need to better undenlstam
expectations of the visitors and, in the case athers and students, know if there is any prior
preparation and/or follow-up work in the classroamd/or through the complimentary material and
resources providetiThis area provides a space for research thataialv for the better understanding
of the expectations and the results of the visihalong term as well.

Taking advantage of the virtual in the museum’s @pace is yet another aspect that raises our gttere
in a new type of museal relationship in the samg that Hawkey @] p.4) affirms,A' new set of
relationship is emerging, between objects, learmard digital technology, in which museums are, a&bov
all, places of exploration and discovery. In thesewm of the future, distinctions between real and
virtual, already blurred, will matter even less hsth museums and learners better understand the
process of inquiry and of learning itsélAs has been pointed out, games are a sourceroplkmentary
research, opening a path that is still little exptbby museal institutions.

Finally, we would like to point out that an exhileih an emerging scientific and technological area i
which the public is forming its representation seem us to be a good opportunity to work from the
initial phases on the science-technology-societaticmship. In the words of EinsedE[S],THe
technology is also in its early days. What betieretto engage different publics than the presehgenw
technology is in its more flexible form?”

Translated by Robert C. Garner
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NanoAventurawas opened to the public in April, 2005 in theyaiff Campinas, state of Sdo Paulo, and in its fiesr of
operation was exhibited in the cities of Rio deelan(RJ), Porto Alegre (RS), S&o Paulo (SP) anchfaas (SP), with over
25,000 visitors. The event took place in partnigrshith the National Sincrotron Light LaboratoryNLS) and the Sangari
Institute. It received financial support from thétaé Foundation, the State of Sdo Paulo FounddtorResearch Support
(FAPESP) and the patronage and support of othéngrar


http://www.teem.org.uk/
http://www.futurelab.org.uk/
http://www.mthe.gov.uk/documents/insplearn_wp20030501.pdf
http://www.nanoaventura.org.br/
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2 In the classification of digital technologies thes realized by Hawkey (2004, p.8) and edited liyifelab (UK), the first three
would be games, while the virtual tour would cop@sd to a simulation. For the purposes of thiglartwe will call them all
electronic games without distinction.

% In the case oNanoAventurafor reasons of time, it was not possible to caray aformative evaluation that would have
provided useful information for operational chantest were postponed to later phases.

4 This 3000m exhibit was developed by The Nanobiotechnology @erdf the Sciencecenter, Ithaca, New York, andt@di
Universe Inc.

5 We point out that on-line museums deserve andatisenssion.

b See, for example, the didactic material desigmedeachers, NanoAventura na Escalaavailable for download in pdf format at
http://www.nanoaventura.org.br.
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