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M useums for science education: can we makethe
difference? The case of the EST

Maria Xanthoudaki, Brunella Tirelli, Patrizia Cerutti and Sara Calcagnini

This paper addresses the role of museums in educitiscience and technology through the discussion
of a specific project entitted EST “Educate in $cie and Technology”. The Project puts together
methodologies and activities through which museuoars be used as resources for long-term project
work. In-service training for teachers, work in stawith learning kits or with materials broughthy a
Science Van, and visits to the museum are planmed developed jointly by museum experts and
teachers. The Project proposes a teaching and legrmodel which sees the museum experience as
central and integral part of a teaching and leamgiprocess with more effective outcomes. The asalysi
of the Project activities and methodologies is lolase the work carried out at the National Museum of
Science and Technology Leonardo da Vinci, whicltgiees the learner (the visitor) at the heart of it
educational methodologies and provision.

Introduction

The Lisbon agenda, the latest PISA results, yoweuple's disaffection towards science and technology
are subjects of the current deBass well as the origin of specific policy objec&¥at national and
international level. Science museums and scienngeseare by now recognized as both fundamental
actors in this debate and the institutions for ttgyMag awareness, knowledge and critical partioipat

of citizens in dialogue on science and technofbgy.

This is the context in which the ‘Educate in Sceerand Technology’ (EST) Project was born. It
stemmed from the “need to face the general indiffee of young people toward scientific and
technological studies in the Lombardia regidrEST is a long-term project funded by the Cariplo
Foundation, whose partners are the National Musafuitience and Technology Leonardo da Vinci, the
City Museum of Natural History, the Regional Offifte Schools and Regione Lombardia (the regional
authority for Lombardia). EST suggests an educatiorodel which sees museums in close collaboration
with schools and their use as resources of knowleagl skills in science and technology.

The main purpose of this article is to examine ddecational model underlying the Project. In this
model the museum adds value to the educationakpsoby creating interactive relationships between
the museum visit and classroom activities. Theclariis based on data from the first pilot phas¢hef
project taking place at the National Museum of Seéeand Technology Leonardo da ViRci.

Aims and methods of the EST Project

The main objective of the EST Project is to famifia students and teachers with science, using
resources available in Milan and around the Lomibarégion, reinforcing cooperation between
museums, schools and other local institutions, @moednoting the development of a network of science
museums. The objectives of the project are met through dewiange of activities, resources and
methodologies, operating in juxtaposition:
a) development of interactive educational workshopiigily in the two science museums of Milan
and then in other science museums of the Region;
b) development of teaching and learning resourcesmatérials for work in class contained in
Science Kits and Science Vans;
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c) use of the museum as resource for both teacherguailg;

d) use of hands-on learning and inquiry as the mairthods for education in science and
technology;

e) in-service training of three teachers per schodh the aim of reaching 3,000 teachers by the end
of the Project;

f) development of a network of schools and scienceenms, as one of the means to grant
continuity and Project sustainability.

The Project takes place in two phases: the fiikif phase was undertaken in the school year 2004-
2005. The National Museum of Science and Technolaggnardo da Vinci and the City Museum of
Natural History worked each with twenty-five sct®dlseventy-five teachers) in order to test the
methodologies, resources and materials suggestetieb¥Project. The aim of the pilot phase was to
develop an educational mof& be implemented at wider level during the secoinase.

The second phase, which began in 2005 and will uasl 2009, extends the number of science
museums working in collaboration with teachers ftbwir local community. Since 2005, the majority of
museums in the Project have been equipped withatidnal workshops, Science Kits for work in the
classroom and teacher training courses. The idd®is despite the diversity of collections, diniens
or policy across the Region, a common methodolbgiparoach can be adopted aiming to make a
difference in school science education. This déifele is sought through a series of original element
suggested by EST, which make it both an ambitimascamplex project.

First of all, EST emphasizes the importance of ingand constructivist learning for improving both
teachers’ and students’ approach to science. Thectole is not to provide mere ‘recipes’ of science
activities to replicate, but to build skills anddwledge in teachers and students which can bemseel
widely both at school and in everyday life. Thipagach is developed through a strong relationship
between teacher and museum educator based on aucityof practice.

These objectives are strengthened by the participé the Project of important institutions, sua
the Cariplo Foundation, the Region of Lombardia BRegional Office for Schools, the two science
museums of Milan, calling to action a growing numéglocal museums to work together on a network
basis. This partnership ensures financial andipalitonditions allowing long-term action and aostyer
impact on the wider community. It follows that tReoject is not a minor example of innovative praeti
but a major structured attempt to establismethodwhich may well go beyond the context of the
Project.

Thetheoretical context

The ‘traditional’ model (three-part unit)

Theoretical and empirical studies argue that actlicennection between museum visit and classroom
work strengthens the contribution of museums ichieay and learning.The underlying hypothesis is
that the educational potential of the museum isapobd if we consider the visit as one of the elamen
of athree-part unit as suggested by Hooper-Greenhithnsisting of: a) preliminary work in class; b)
visit to the museum; ¢) in-class elaboration of dle@vity after the visitThus, in this model, the visit is
placed at the centre of the learning process,\iatig preparatory activities and offering stimulr filne
consolidation of the acquired knowledge.

Hooper-Greenhill's model represents a fundameraatribution in the field of museum education. It
showed how the visit was not to be seen as a sisghleol trip, sporadic and casual, but as an iraport
educational tool for both teacher and pupil. In toatext of a growing acknowledgment of the role of
museums in education, thieree-part unitmodel and the relationship between school and nmdeave
been the object of wide attention. A large bodyredgearch has examined the characteristics of the
educational approach of each of the three compsnantwell as their potential with regard to the
learning and teaching process. Results show howhtlee-part unitmodel produces positive learning
outcomes when explicit links are established betwtbe content of the museum experience on the one
hand, and that of classroom activities and the slatwarriculum on the othéf. The basis for success can
be found in this case in perceiving the formal thand the informal (museum) educational approach
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as complementary rather than contrastintn fact, far from being a reason for potential Wessses,
differences in educational practices represemtemgth in the educational process: collaboratidwéen
museum and school allows the former to acquireinfmation necessary to create situations for the
active engagement of students during activitiesilétr workshops, etc.), and the latter to give liess
useful information for their school work.

Thus, the use of thiaree-part unitmodel is an important tool for increasing the eahi the museum
contribution to education. Yet, it is important notice how this model does not necessarily imply a
direct relationship between teacher and museurog sin education program using the museum could be
developed by the teacher alone and sinfiptylitated by the museum educator as bearer of the museum
provision®® It is for this reason that three-part unitought to be developed into a model which makes
best use of the potentials of both the school éduead the museum educator. This may only occur
through forms of direct cooperation in all the preasf the project.

The innovative model (four-part unit)

The EST model aims at transforming the relationdbgbween school and museum. No longer the
interaction between teacher and museum educatonited to scant communication, since we seek to
build a structured and lasting relationship betwd#entwo subjects. Towards this end, the visith®e t
museum isan essential moment of an explicit educational gebj

Acknowledging the museum as a place for informalcation, as a space for ‘doing’ science, and as a
resource for the teacher, precisely matches theatidnal offer developed within the EST project. In
fact, the distinctive characteristic of this modkles not lie so much in the number and quality of
educational resources offered to schools, but ratnghe fact that such resources and services are
conceived and planned for working together withie ramework of a specific educational procéss.

Hooper-Greenhill's model already steps away from thse of the simple, isolated visit, building a
sequence of situations which reinforce the musexpergence. The EST model moves further, creating
stronger relationships, thus strengthening thelpugtperience in the museum, the work in classtaed
role of the teacher. EST represents a significaaluéion with regards to Hooper-Greenhill's tradital
three-part unit In fact, it is based on a structure that couldiened, for reasons of symmetry, asea
of four elementsa) teacher training; b) work in the classroonngsnuseum resourceSdience Kitand
Science Van c) museum visit; d) use of the project methalitee teaching and learning framework in
which the other activities of the project are imtgd.

The difference between the two models does noorily in the fact that EST proposes additional
activities (teacher training, project method), higo in the very nature of the various elements @ind
their inter-connection. The elements of the ESTt wefier to a working methodology rather than to a
fixed sequence. In other words, while Hooper-Grédkmslkeeks an opportunity enhance the museum
experience through preparatory and follow-up aiigisi in class, the EST model highlights the
importance of project work, planned jointly by theacher and the museum. In this shared project,
activities are organized to suit objectives. Thtise sequence of the different actions is not
predetermined: the visit can be placed at the Imdginof the project, as starting point and stimudfis
pupils’ experience, in the middle, or towards timel ®f it. The choice is made on the basis of the se
objectives and, obviously, the museum hosting piatelt

The most significant characteristics of the EST elodre discussed in detail in the following
paragraphs, that is, the project as teaching aathileg tool, the specific role of the museum, catte
and teacher training.

a) The project as educational tool

The working together of museum and school is net p condition for the realization of the
different EST activities; it is rather a methodatay approach. Joint work between museum and
school experts develops into a partnership duriinghases of EST and is enhanced through project
work.

In this model, project-based work increases thecaiilnnal potential of the visit through the
development of connections between museum visisahdol educational processes. It is perceived
as a learning and pedagogical tool incorporating work carried out at school, the needs of
students and teachers, what takes place in theumuaerd the knowledge to acquire; and takes into
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account intentions, objectives and methods of hetichers and museum educat6rin this
approach, the museum is seen not as the locatiaroné-day excursion, but as one element within
the complex system of a teaching and learning pyca system identified by shared goals and
common product$’

b) The role of the museum and its workshops
One of the most significant objectives of the museis to contribute to young people’s
familiarization with science through active, cogrét and affective engagement. The interactive
laboratories of the National Museum of Science Bachnology Leonardo da Vinci are an example
of such provision. In the case of EST, these ctutstthe main educational tool aiming at hands-on
learning and awareness of the scientific rese¥rch.
In the i.lab, experience is triggered by a phenaneor an object-symbol, and a question, which
are the starting point for a chain of events andiotivities conceptually connected to each
another'® Discovery and knowledge construction begins withmething that happens’, that is, a
phenomenon which calls for observation, descripéind inquiry. In this process, no explanation is
given before the demonstration of the phenomenod, iaformation is never taken for granted:
each new discovery is built on the personal skitld knowledge of each visitétThis means that
no process is identical to the previous or to tifing one. In fact, discovery and explanation of
phenomena are guided by the learners and therdietermined by their age, expectations and
interests. With this approach, the Museum (see Bpteelps understand how scientific research
takes place, i. e. that scientific investigatiomalves forming of hypothesis, observation, testing,
trial and error, control, repetitions. Awarenessaentific method can, moreover, contribute to the
development of skills that can become useful indberse of everyday life. In this approach the
science museum, far from being just the place fbilgting a series of objects, is the place where
the complexity and polyvalence of science and @nific processes can be presented, along with
the cultural, social and philosophical dimensians/hich objects and knowledge were b&rn.

¢) Outreach activities
A strongly innovative element in the EST Projectti®e systematic provision of outreach
experimental activities conducted in schools by &ms educators. In our case two types of
resources were used: a) the Science Kit, contairgigcted materials and tools to be used by
teachers to build a science lab in the classroothfandeveloping self-guided activities; b) the
Science Van, which brings Museum educators to tssmom and contains materials for
additional experiments. The way these resourcesised in the classroom is chosen jointly by the
teacher and the museum staff, while the contetite@farious activities is linked to the content of
the museum visit.
Students have therefore the opportunity to engaitje and learn about, science through a wide
range of experiences and learning methods, whilw keowledge is built on the basis of
knowledge acquired in previous phasSes.

d) Teacher training
Investing in teachers’ professional developmenthis means for increasing their knowledge in
science and technology and, consequently, for asing the quality of students’ educatfGrithe
choice of teacher-training content and approach eves of the most important concerns when
developing the EST Project. As Christopher Dayriyeargues, teacher training may not properly
be able to promote the necessary range of outcoesssntial to continuing high quality
professional developments, if it is predominanityited to information, awareness and provisional
outcomes. Professional development needs to prdeideotivational, affective and institutional
outcomes, and outcomes related to knowledge antis sfds against content) and value
congruencé?
The approach adopted for the EST training course®r§ teacher participation in first-hand
experiences and offers the opportunity for encaingeand reflecting upon activities. Hands-on
and cooperative learning, observation, evaluatibroidcomes are some of the methods used,
encouraging teachers to learn through personalriexpe and practic®. Direct and personal
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experimentation of phenomena as well as ‘activdodige’ between teachers themselves and

between tutor and learner allowed also teachensntterstand the notions and skills which the

students, in turn, would need to acqdfte.

In the EST model training does not aim at trangfgrfacts or technical skills; rather, it aims at

developing abilities in making decisions, theorgithinking, so that teachers can teach themselves

as well as their pupils. First-hand experimentati@s followed by analysis of tools, of conceptual
trail and methodology, helping teachers to condirnilar activities in schools or to plan new ones
with similar methods. Teacher training was caroetiat three levels:

a) the personal level, where teachers are engagéx iaducational process as learners through a
set of experiences, knowledge, motivations andopeisattitudes. In this phase there is no
specific reference to their school practice noth® behavior and learning of their pupils. This
situation helps to build first-hand awareness ef ¢tbntexts and dynamics of learning and to
develop personal research by each teacher;

b) the professional level, where the previous work‘tianslated’ into an analysis of the
educational methodologies and of the strategiefafulitating students’ learning;

c) the level of action-research, which sees teacterssearchers, able to observe critically their
own work in a perspective of constant improventént.

The EST project at the National Museum of Science and Technology L eonardo da Vinci

The Museum regards education as one of its fundeingoals since its foundation in 1953. Since then,
the Museum evolved from an exhibition-based museumgradually growing small nucleus of science
centre, to the current institution integrating twqually-strong dimensions, the historical and the
interactive. The co-existence of a traditional numef science and technology and an evolving seienc
centre constitutes the distinctive identity of Maseum, on the basis of which its educational [soifiny
and methodology were also developed. Our educatprogrammes for teachers, students, families and
other audiences offer the opportunity to encouttter real thing’ in our exhibitions, to learn abdbe
social and cultural contexts in which objects wboen, and to explore scientific phenomena in our
active areas by experimenting and finding out linkth everyday life. The use of both exhibitiongdan
active areas as learning tools contributes to leeriexperience of science and technology, operating
different levels: cognitive, affective, physical.

In this context, the Museum devised and realisedethinteractive laboratories (i.labs) for the EST
Project: a) telecommunications, b) robotics, c)agies and biotechnologies. The i.lalbm Telegraph to
Internetputs together an exhibition on telecommunicatiamg interactive exhibitS;he Robot Workshop
examines learning processes through the creati@mtifitial creatures that interact independentighw
the environment; the i.labBrom Cell to DNAuses experiments designed to address basic naifons
genetics and biotechnologies clearly and accessibly

Choice of content was based on fields of curreptatanterest. The methodology was based on the
Museum’s own educational approach (in line with Breject set objectives) which encourages active
involvement of visitors in learning processes tigiothe use of objects, hands-on activities, exhiaitd
experiments. The other activities and resourceshefProject (training, Science Kits, Science Van)
revolve around the three topics following a simiksaiching and learning methodology.

The pilot phase of the Project took place as fodlow

a) a teacher training course in the Museum introdueadhers to i.lab contents and educational
methodology and helped them develop their own ptsje

b) teachers carried out work in the classroom basethein projects and on the Science Kit
materials (each teacher was provided with a Scilitdeee of charge);

c) the Science Van visited the classes on-site andviilleum educators carried out additional
activities with the pupils;

d) each class visited the appropriate i.lab at theddos
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The visit to the Museum of Science and Technology

Science literacy is not the prime aim of the edoocal work but rather “the laboratory practice asal

for understanding and learning” The visit to the Museum constituted one of thedrgnt moments,
during which the i.labs operated as the placeifst-hand and personal experience, a space fadibgil
knowledge through exploration of phenomena and gs®es, through creative experimentation and
conceptual trial and error process. Educationalvities in the i.labs emphasize the importance of
sharing ideas and collectively evaluating what é&nf done. At the same time, they reinforce the
conscience that each participant, using her owlitiabiand attitudes, can bring a significant cimttion

to the common work’

The goal is therefore to test and disseminate @nsei education methodology based more on the
development of the ability to inquire and reflectom developing meta-cognitive abilities, ratheartton
the knowledge of correct answers. To reach thisailje, the methodological approach adopted in the
three i.labs places the learner at the centre efpdagogic process, while thzhibit the hands-on
activities and the Museum educator have the rofaalfitators of learning and experience.

The laboratory practice is complemented by theystfdhe social and cultural dimensions of science
and technology. The original object and the musesottections are strongly linked to the i.lab
experiences during the visit. History of sciencéiors related to the themes of the i.labs are adeik
through direct encounters of original objects, ipatarly in the case of telecommunications, where
historical collection and i.lab share the same spac

In this case, the historical object acts as a ‘dwmt’ containing and recording different meaningd a
information. The object plays a significant rolexc@ its polysemantic power makes it unique and
privileged with properties and qualities with aosiy cognitive, affective and psychological imp3ct.
The nature of the object allows us to develop diifé types of knowledge, at different levels of
complexity, and to recall information acquired fire past*

The Science Kit and the Science Van

Science Kit and Science Van are two significaninglets of the Project offering opportunities to stad
new teaching and learning methodology. The Sciétitbas a double objective: it offers resources not
usually available at school; and helps the devetyrmf a classroom science lab. The Science Kis doe
not include disposable materials, but containsaibjevhich stimulate inquiry, construction and tegti
This means that the hands-on method, adopted dthmmgisit by science museums, is also used in
classroom, a fact allowing students to learn thihopigactice rather than text books.

The Science Van offers the opportunity to work limss with a museum educator. This concept is not
new in the science museum panorama. The Mobile Hiixlig a frequently adopted method for
communicating science through exhibitions, intevast or other activities, specifically conceived fo
being transported and used in small rooms or iogsl@utside the museuth.

In EST, the Science Van complements the work of thecher while the presence of a museum
educator in class creates a special moment ofegreitt and participation for the pupils. The Science
Van is thus a tool for encouraging a closer andyltasting relation between teachers and museum
experts; but it also pursues broader objectivekimgaknowledge and resources available for schools
(particularly for those that have difficulties #iBg museums), disseminating an interactive lab
methodology and breaking access barriers.

Teacher training

The educational methodology used in the Museum stitHents was also adopted with teachers. Teacher
training is conceived as a tool for teachers’ pssienal development as well as for enriching thekved

the classes and, thus, for attracting a wider nunabestudents towards science. The EST training
courses developed along two complementary direstiah develop the practice of scientific labs in
schools; b) make external resources available wimteenal ones are absent. These two paths aim at
developing abilities and strategies so that teachery become facilitators of the pupils’ learniAgithe
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same time, the competences developed during tirénijacan be used by teachers in other museum
visits and integrated in similar experiences inrtharricular programming.

Teachers who participated in the training coursgst kn working together through the development of
a community of practic® Training was not seen as a self-standing phasthefproject, but was
regarded both as a tool and as an objective. Tdiretr is not the ‘director of knowledge,’ but the
facilitator of a learning process, guiding the eotive moments and following the work of the teacite
a distance.

Such an approach requires both straight collalmrasind long-term commitment of museum and
school. This engagement takes time and resource®lass the ability to integrate the various pobje
activities with the normal programming of both thehool and museum. In this sense, the EST model
supports teachers with training, joint devisingoodjects, participation in the community of praetand
provision of resources. In this panorama, the afléehe museum is essential: it stands as a central
element in each of the project phases, combinihthaldifferent activities and setting the eduaagio
methodology guidelines.

The experience and the abilities built during tbarse are then transferred to the school. Durindkwo
in class the teacher receives technical-scientifiethodological, pedagogic and organizational avic
from the Museum educators. Guidance takes the sbhmetion-research, through which potential
problems or needs for extensions or changes emadiwated by a process of self analysis and
reflection.

In this particular instance, each teacher has dpeel, jointly with the Museum staff, an educational
project implemented during the year 2004-2005. Eawd of the projects focused at a specific topic,
developed around one of the i.labs and taking @etesideration students’ age, curricular program and
teaching prioritie$? The development of each educational project waseshwithin the community of
practice and questions, additional materials, doaht ideas were circulated among teachers throtigho
the entire first phase.

Concluding remarks

It was the aim of this paper to discuss the edocatimodel underlying the EST Project. The building
blocks of this model are: a) teacher training; rkvin the classroom using museum resources; c)
museum visit; d) use of the project method as daehing and learning framework in which the other
activities of the project are integrated.

Such high degree of integration of all the elemesftghe Project is based upon the strict, deep,
persistent cooperation between school teacher amkum educator. Teachers contribute the formal
education perspective and museums the informalatiducone into a joint working process where the
two institutions learn from each other for the énef science education. Experimentation and ingui
are the basis for developing skills and knowledgesdgience and technology while resources such as
Science Kits and Science Van enhance the museusarierpe and offer substantial support to work in
the classroom. The meta-objective is to ‘make tifferénce’ in science education by strengthenirg th
role of museums as teaching and learning toolgtaodigh long-lasting educational actions.

Outcomes from the implementation of the model mfilst phase can be classified in terms of what we
learned about teacher needs and what we learned tiigorole of the museum in the education process.
First, as far as teachers are concerned, their mrivet continuity of the program emerged as a @luci
issue, especially in the context of what the Ptogsts as an objective, that is, the development of
competences and of a method bringing change irs¢ience practice. We had examples of teachers
taking further their own projects in the interinripd between first and second phase and even beyond
the beginning of the latter, so that now they as® invited to join working groups originally deseypl
for second-phase teachers only. This is an innowdt the original project which makes the communit
of practice stronger and challenges the relatignglgitween museum and school. The more teachers
enter into the Project with the years, the more atating this relationship becomes. Project-basedk wor
which sees the museum as the main tool within g-term teaching and learning practice requireseclos
collaboration, consultation and presence.

The Museum is now widely perceived by teachers sstiing in which expert subject knowledge can
be sought, where active learning is at its maxinaunch where experience can be build — all of whidp he
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teachers address their own practice for science tacdnology. Indeed, what can be perceived as
changing is the way in which the Museum works veithools: the Museum no longer is a mere setting
for sporadic excursions, but is finally perceivadaa expert which promotes a methodology and esgage
learners with knowledge rather than imposing ong-weeaning. This new role corresponds to the
direction science museums and science centresakiggtnowadays, a direction going from science
literacy and public understanding of science tespeal meaning-making and public engagement with
science and research. This is the approach weotrgetvelop in school science education as well.
Although there are many distinctive characteristiesween formal and informal educatiGnEST
encourages an inquiring relationship with scientescnool as well as in the museum. This is the
character of change in school practice endeavoyetidbProject, based on its educational model and o
long-term work.

On the other hand, EST can certainly be definednasriginal, challenging and fascinating projeat fo
museum educators as well. Beyond issues of quéweitabjectives to be reached or resources produced
this Project offers opportunities for professiodal/elopment and research. Museum professionaltecrea
stronger relations with colleagues, discussing @rdparing practice and experience. Not often alesing
Project allows for such a wide and long-term comraotion set in an experimentation-oriented, open-
minded context. Work with schools in class anchatMuseum are the subject of systematic monitoring
by the Museum working group and become the stimudtus action-research on more general
methodological issues. The National Museum of S@eand Technology has long experience in
informal learning and museum-based science educatiml a strong methodological approach which
favors constructivist and inquiry learning. This thredological approach is applied in all education
activities with the different audiences and in pot§ at national and international level. Such
methodology found in EST a fertile ground and wasngthened through the various activities. At the
same time, EST offered the opportunity to studyapplication of such methodology in other actiwtie
such as outreach work (Science Van activities,rfgei&its going to the classroom), and to experintent
within long-term collaborative and project-basedkwrith teachers.

The second phase will offer the opportunity to frithese issues further and to follow the
implementation of the educational model reflectinigically on its impact. During the school year0®%0
2007, the Museum works with ninety teachers distgl in the three i.labs. By 2009, the number of
teachers involved will be five hundred, the numthat the Museum alone has to reach in the confext o
the Project. At the same time — making the wholagthmore complex and challenging — the second
phase involves other museums, which, in turn, bollate with schools in their local community. Each
these museums carries out the different activibeshe Project independently, yet working in close
cooperation with one of the two Milanese museumsickv allows for two results: on the one hand,
workshops and other resources revolve around feacEtopics addressed by each museum collection;
on the other, the model is subject to further expenting, especially in terms of integration of the
activities of the different actors.

Thus, the two Milanese museums, in their role agical friends’, follow the work of the different
museums and supply advise based on their own exmeriin devising, building and implementing
activities and resources for the Project. Stillpaiseums participate in common moments of traiaingd
discussion which are shared also with experts fotimer partner institutions, the sought outcome dpein
the emerging of a wide community of museum edusatorpresent the work done in each museum, and
to reflect on the common elements and on the intépon of the Project in each context. Initialllye
priority of these common moments has been to dpwelmat is required by the Project. The next pryorit
although not all museums have the same timing tibracis to build a network which can ensure
dissemination to schools and sustainability of wafter the end of the Project. This network shaydd
beyond the single-community provision to an acéenoss communities and to a stronger collaboration
between different museums as well. Consequentlykwgth schools will initially be with museums
within a given community, but can expand to includ@laboration between teachers and educators
across the whole region.

The coming years will offer the opportunity to Wgrdimensions and quality of the impact of the
Project. We hope that the effort and investmerdlbéctors during these years can offer useful dtim
for enriching science education at wider level tordstrengthening the educational role of museums.



9 Museums for science education: can we make therdiite? The case of the EST

Acknowledgments

The Authors would like to thank the Cariplo Founaatfor the financial support allowing the realipait

of the Project and the study of innovative educetionethodologies and resources. Thanks also go to
the teachers and pupils who participated with camemt and enthusiasm in the pilot stage of the
Project as well as to the Museum staff which dgwetbinteresting contents and carefully thought-out
methods. We are also grateful to the other partiettse Project for their collaboration and support

Notes and r eferences

! OECD,Programme for International Student AssessmentXPIB03, retrieved July 2006, available at www.giead.org.
European Commissiorgurope Needs More Scientisisicreasing Human Resources for Science and Tecgynalo Europe
Report of the High Level Group on Human Resoura@sScience and Technology in Europe, 2004, retdedely 2006,
available at fittp://europa.eu.int/‘comm/research/conferences/20iptof/programme_en.hteal

2 European CommissioiBenchmarking the Promotion of RTD Culture and Ruklnderstanding of Scienc&eport from the

Expert Group, 2002, retrieved July 2006, availatblenttp://www.cordis.lu/era/benchmarking.h#m

European CommissioQbjective 1.4: Increasing Recruitment to Scientifi Technical StudieReport of the Working Group

D ‘Mathematics, Science and Technology’, Summarthefoutcomes and conclusions, 2003. European Cssionj 2004ibid.

OECD, 2003jbid.

USA National Standards Foundatioflational Science Education Standard®Q04, retrieved July 2006, available at

<www.nap.edu/readingroom/books/nses/

D. Chittenden, G. Farmelo and B. V. LewensteidsjeCreating Connections: Museums and the Public Urtdeding of

Current ResearchValnut Creek, Altamira Press (2004).

P. Born,Community Collaboration: A New Conversatidournal of Museum Educati1 (2006) 7.

Fondazione Caripld®rogetto EST Educare alla Scienza e alla Tecnolddianeo, 2003, p. 3.

Whenever the choice will not generate an ambygtlie word ‘museum’ (lower case) refers to the @ institution in general,

whereas the word ‘Museum’ (upper case) refersed\thtional Museum of Science and Technology LeandedVinci.

Fondazione Cariplo, 200mjd. p. 4.

In this case, ‘model’ is understood not as adriggt of actions and approaches to be implementextically, but as a paradigm

which can be flexibly adopted in the different aoxis of science museums that participate in thgeBtdaking into account the

particular needs and priorities of the differenbjeats. What is important in this case is the mettagical approach suggested
and the type of relationship developed between mmsand school, both of which aim to make a diffeeeo the use of
museums as teaching and learning resources, gdrtmte constructivist learning.

E. Hooper-GreenhilMuseum And Gallery Educatipheicester, Leicester University Press, 1991.

M. Xanthoudaki,Museum and Gallery Educational Programs in Englamt Greece: Their Content, Structure and their

Contribution to Art Education in Primary SchopRhD Thesis, University of Sussex, U.K. (1997).

 E. Hooper-Greenhill, 1991hid.

oM. Xanthoudaki, 1997bid.

1 E. Miotto, “Museums and Schools: The Case of théidwal Museum of Science and Technology Leonasd¥idci of Milan”,
in M. Xanthoudaki (edA Place to Discover: Teaching Science and Techiyolith MuseumsiMilan, Museo Nazionale della
Scienza e della Tecnologia Leonardo da Vinci with support of the European Commission (2002a).

2 M. Xanthoudaki, “Il Progetto Educativo nel Rapmofta Museo e Scuola”, in M. Sani and A. Trombiail§)La Qualita Nella
Pratica Educativa al Mused®ologna, Editrice Compositori (2003).

3 M. Xanthoudaki, 1997bid.

1 H. Hein, The Exploratorium: The Museum As LaboratdPyentice Hall & IBD (1990).

5 During the experimentation with pilot classesjtsisit the Museum were placed towards the endeoptbject work, right after
classroom activities with the Science Kits andS$ie&nce Van. This choice was imposed by the tifonghe development of the
museum workshop areas and other resources, bisbilowed us to test the effectiveness of thigusace within the learning
process.

16 M. Xanthoudaki, 2003bid. p. 101.

" F. QuartapelleProgettare Insieme I'Europa: Kit di Valutazione Biogetti Educativi EuropeiMilano, IRRE Lombardia and
Franco Angeli (1999) p.31.

8 E. Miotto, 2002aibid.

9 E. Miotto, La Proposta Educativa del Museo Nazionale dell@&z e della Tecnologia Leonardo da Vjidimeo (2002b).

E. Miotto, Linee Guida per Struttura e Attivita delle AreeAthimazione Museo Nazionale della Scienza e della Tecnologia
Leonardo da Vinci, Mimeo (2002c).

20 J.H. Falk and L.D. Dierkinglearning From Museums: Visitor Experiences and Muaking of Meaning Maryland, Altamira
Press (2000).

2L K. Arnold, Presenting Science as Product or as Process: Musemd the Making of Sciencim S. Pearce (edfxploring
Science in Museumkondon, The Athlone Press (1996).

2B, Piscitelli and D. Andersor¥oung Children's Perspectives of Museum SettingsEaperiencesMuseum Management and
Curatorship19 (2001) 269.

(SN

~ o



M. Xanthoudaki, B. Tirelli, P. Cerutti, S. Calcagni 10

% M. Dadds,Continuing Professional Development: Nurturing tBepert Within British Journal of In-Service Educatio?3
(1997) 31.

L. Tickle and M. XanthoudakPrimary Teachers and the Hunt for Knowled&aper presented at the European Conference on
Educational Research, Lubljiana, Slovenia, 17-28t&8eber 1998, available ah#p://www.leeds.ac.uk/Educol/Ecer98.htm

% C. Day,In-Service Teacher Education in Europe: Conditiangl Themes for Development in thé' 2kntury British Journal of
In-Service Educatio@3 (1997) 39.

% E. Miotto and M. XanthoudakiProgetto EST: La Formazione degli Insegnamluseo Nazionale della Scienza e della
Tecnologia Leonardo da Vinci. Mimeo (2003) p. 4.

% ). Deweyle Fonti di Una Scienza dell’Educazigriérenze, La Nuova ltalia, 1929/1967;

J. Bruner,The Process Of Educatip@ambridge MA, Harvard University Press (1960).
D. Kolb, Experiential LearningNew Jersey, Prentice Hall (1984)
G.E. Hein,Learning in the Museunbondon, Routledge (1998).

27 L. Tickle and M. Xanthoudaki, 1998id. M. Xanthoudaki, L. Tickle and V. SekuleBinding art expertise: experiences of
primary school teachergournal for In-Service Educatia?b (1999) 571.

28 E. Miotto and M. Xanthoudaki, 200id. p. 5.

2 E. Miotto and M. Xanthoudaki, 200id. p. 5.

30’3, Pearcédbjects as Meaning; or Narrating the PaSt in Pearce, (ef)bjects Of Knowledgé.ondon, The Athlone Press (1990).

31 M. Xanthoudakila Visita Guidata Nei Musei: da Monologo a Metodyg#odi ApprendimentdNuova Museologid (2000) 10.

32 Mobile exhibitsare used, for example, at the Natural History Musén New York, at the Cité des Sciences et dallltrie in
Paris, at the China Association for Science andiielogy, at the National Science and Technologyt@en Canberra, at the
Science Centre Technopolis in Belgium.

%], Lave and E. WengeSSituated Learning: Legitimate Peripheral Particifmt, Cambridge, Cambridge University Press, 1991,
retrieved July 2006, available atttp://www.infed.org/biblio/communities_of_practibém>.

34 E. DamianoGuida alla Didattica per ConcettMilano, Juvenilia, 1995.

% Miotto, 2002ajbid.

Authors

Maria Xanthoudaki is Head of Education and of In&ional Relations at the National Museum of

Science and Technology Leonardo da Vinci of Mildaly. She holds a PhD on Museum Education

from the University of Sussex, UK. Before joiningetMuseum of Science and Technology, she was
Senior Research Associate at the Department of d&iduc and Professional Development of the

University of East Anglia. Her research focusesmarseum education, teacher training and training of
museum educators. E-maihnthoudaki@museoscienza.it

Patrizia Cerutti is coordinator of the Unit for Edtion Programmes of the National Museum of Science
and Technology Leonardo da Vinci. She holds a DegneFine Arts from the Academy of Brera.
Initially she worked for the Unit for Exhibition @elopment and then became curator of the i.labs on
paper making and on light and colour. Her studiesEducation led her to work on programmes for
schools and other audiences. She is the coordinhtbe EST Project. E-maiterutti@museoscienza.it

Sara Calcagnini works at the Unit for ProfessioDalvelopment and Educational Research of the
National Museum of Science and Technology LeonatdoVinci. She holds a Degree in Cultural
Heritage Studies from the University of Pisa. Hasrkvfocuses in particular on the development of
programmes on Science and Society and on educhties@arch. She represents the Museum at the
European project SEDEC “Science education for tlesebpment of European Citizenship” in
partnership with museums and training institutifrosn seven countries.

E-mail: calcagnini@museoscienza.it



