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Abstract

The knowledpe requirersents of sgientific and techaological revaluion demand thar
aducational systers provide new ubilities for individuals and society in order to deal
with a warld In change. Science education plays a central role in this problem. Chile has
staried an educational reform that seeks a ghift from academic science for the few Lo o
hasic scientific education for all, or scientific literacy. The skills this appreach wants to
provide are: questioning skills, inguiry and experimentation skills and the understandimg
af the relationship of science, technology end society. In this conlext, & milestone
principle of action 15 to bring together the scientific community and teachers and
sudentd. A project, which implements the stzategy of inguiry-based science education in
paor urban schools of Santiago produces interesting peeliminary evidence that support
this principle of cooperation hetween firsi-lise scientists and educators,

202
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There can be doubt sbout the significant impagt of scientific and technological
knowledge on the ongoing pracesses of transformation in contemporary societies. The
revolution of information technolagy makes this even more noteworthy, Today, the life
of people throughout the world is increasingly determined by the possibilities created by
aystemms which are products of scientific research, as well a8 by their risks. In this
context, the opportunities for development and well being increasingly lie on the
ahilities of individuals and societies to use knowledge creatively and 1o use the new
tools it & pozitive way,

Maoreover, the perspective of political and cultural integration of o democeatic society, in
which the resolution of conflicts and social and environmental problems 58 maore
complex and knowledge demunding, urges for a basle sclentific education of all citizens,

That iz why the poal of Science for AN, or scientific lireraey, 15 a milesione of our
education reform, in onder to satisfy the need of development of both our society and s
members,

This abjective represents an encrmous curticdlor and pedagogie challenge.

The shift from academic science for the few to a basic scientific education for all

In the past, the science curmienlum in Chile’s schools was inspired by the framework of
acadernic science. That is, considering the internal knowledge requirements of each
discipline and the needs of the caining of futre scientists.,

The result of this crientation was that only 8 very small group of students was actually
ahle w pequire scientific knowledge. The current purpose of today 's educational reform
and of all policies throughout the last decade, is 1o achieve that all school pupils reach &
sefentific literacy that enables them 1o deal in a better way with a society in change. In
this perspective, chisctives and contents of this area must be redefined and a great and
new challenspge in science teaching must be addressed,

Spientific literacy is necessary for all students because of the intrinsic educational velue
af the enthusiasm, amazement and personal satisfaction that results from learning and
utiderstanding nature Secondly, literacy is important becauss fotms of reasoning
helenging to scientific research are inereasingly demanded in today's personal, work
and socio-political contexts. Those who are not tamiliarized with this approach are
likely to have an even higher propensisy te be marginalised than today, Finally, this sort
of science education contributes to create an attitude of respect and care towards nature,
a5 a basic system for life that begins to evidence signs of global endangerment.
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What are today's expectations as to what students should know and what they
should be able to do after receiving a good scientific edncation?

An important scientific society, the Association for the Advancement of Sclence, in its
project Sclence for all Americans, defined -in 1989- the essential components of
sclentific literacy;

“Seience Nieracy—which encompassey mathematics and fechnology as well as the
matural and social sciences—has many facers, These include being familior with the

matural world and respecting i unity; being aware of same of the imporiant ways in
which mathemarics, teckrology, and the seiencey depend upon one another;

wnderstanding some of the key concepts and peinclples of seience; having a capacity for
sefendific ways of thinkleg, knowing that science, mathemalbics, and technology are
timan enterprises, and kmowing what that implies abou! thelr strengths and limitations,
and being .Jzi-.u'r fo uge selentific knowledee and wavs of thinking for personal and social
purposes,

Along these lines 1 would like to add some elements of our own curriculum reform,
initlated in Chile in 1996, This reform defined its educational goal as to achieve that all
students could acquire key skills for productive and persenal life as well as citizens.
These skills are those of criticism, vision and judgement on the relationship between
science, technalopy and sociery,

Three Main Skills Science for all Should Develop

Inguiry and experimentation skills

. The ability to present a scientific ressarch problem

. The development of criteria and skills for the collection of evidence,
infarmation managemsnt, its sources and 118 Asscssment

. To know and to use evidence analysis procedurcs and the derivation of
conclusions

. To know and to use reporting procedures of results of scientific iIngquiry

Questioning skills

To acquire and to appreciate attitudes belonging to the activity of inquiry and
experimentation, 8% curiosity, openness to new ideas, rigour, honesty, scepticism,
objectivity, disposition to suspend a judgement and persistence.

. To develop sbilities of critical analvsis of one's own arguments and those of
others, on the validity and veracity of selence-related information published in
the media

' American Association for the Advancement of Science, Solemce fov alf Amerivars, Frovecs J067
Svienee gor aff Awervoaas proposes a definition of the abilities and contems American students
should be wble use aler their schoul educetion, This deswnent was an impoctant reference for the
Chilean refarm
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Science, technology and society

It 15 impartant that the school experience provides opportunities to identity, to describe
examples of technological applications of a seientific idea and to ingquire on its history.
It iz slso important that students recognize science as a human endeavour and are
familiarized with examples in which technology contributes to the development of
geientific ideas. Stdents should have the opportunity to propose and discuss cases of
ethical dilemma in different science areas,

The challenge is in teaching

The results of the international TIMSS test of 1999 on elementary and early secondary
school teachers' confidence to leach the science contents are oloquent, Thirtv-eight
percent of feachers of the countries teking part in the test declared that they have [ow
confidence in their skills and knowledge to teach science to 14-year old students. In the
case of Chile, the figures riss to 63%.

. Considening these facts, we regard teacher traning and on-seérvice policies as a
strate gic issue.
. In this context, I would like to share with vou a pringiple of action in which we

put high hopes regarding the renovation of the teaching skills of our country's
teachers, The implementation of this principle will have direct influence in the
implementation of acientific literecy for the majority of our people.

w This principle is based on the construction of alliances and networks between
the scientific commugniry and schools,

. In Chile, the new curticulum was designed with the cooperation of first-line
scientists, It {2 ambiticus and demanding. [ts practical implementation in
classreoms, laboratories and -schoolyards requices a joint effort of scientsts and
educators. We believe that this strategic vision will contribute to perceptively
dirninish in the shor-term the high proportion of teachers that declare not
having enough confidence in their skills and their work.

- We think that 1t 15 necessary to work in a frudtful conjunciion between top
sclentists and schools -two worlds that are normally separated and often distant
to each other. In our recent experience, both in Chile and other countries, we
have seen the gradunl progress of a commitment of the seientific community
with the education of the people and its fundamental protagonists, the teachers.
In our view, this union has the highest patential in terms of growih of the
teaching skills of our school syaretns

The fertility of this cooperation can be witnessed in what we can call & seed-profect.
This project, that is part of Chile’s educational policies, is orientated towards the
experience of an inguiry-based methodolegy for sciencs teaching in primary schools,
The project is based on the cooperetion of scientists and teachers of poor urban schools
of Santiags.

The inquiry-based methodology “reproduces” in the class-room procedures scientiats
use to study the natural world, and proposes explanations using evidence obrained
through their wark. This methodology gives children the opportunity to be motvated by
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scientificelly formulated questions, to explore and experiment tw obain information, to
zstablish explonations, to evaluate them considering new evidence end to report and
justify their conclusiona,

Parts of this project are: the Chilean Ministry of Edocation, the Chilein Academy of
Sciences, with the suppert of the School of Medicine of the University of Chile. Alzo
taking part are leading international institutions in science education: the Academy of
Sciences of France, and the United States” National Academy of Sciences.

Presently we are exploring the advantages of the principles of this cooperation in the
clnssroams, Although it is toa early 1o establish a glohal assessment, what we have seen

50 far, strengthens our hopes. Tt indicates us thee it 15 a promising strategy 1o put science
education at the height of the demaonds of the intormation- and knowledge-society
teveards our schools,

In this forum we can put this proposal of sclence edocation to a test. We will be able to
psgess 1he benefits and ndvantages, fears and difficulties that arise when a collaborative
work between thezse two worlds starrs, Each one of them talks in oa different languege,
uses different methods, and works towsrds differeat goals. The challenge lies in
discovering a formula that overcomes thess barriers and helps to take advantage of the
respective expertise of the representatives of these two areas of intellectual work.

Innowative projects end the process of science education refonm face the huge problem
of turning objectives that vsed 1o mean pccess to scientific knowledge for a minonty,
imte quality science education for all, The development of mankind, the perspectives of
seignce and technology advancement producs a world of constant and swill change, We
huve to ke gble today 1o understand the eszence of these changes. in order 1o be a part of
[REM TOmoTTow,
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The goals of the Chilean education reform are to develop qualitv-centred
policies, grant opportunities to all young people, develop equity-centred policies,
and intendify education of valugs, The science curriculum shifted from an
academic science for the few to a basic scientific education for all.

The chellenge in the reform i 1o chenge teaching practices. In the pilor of the
Inquiry-Based Science Teaching and Learning Program for Children in
Elementary Schools, scientists, teachers, curriculum experts, school principals,
lecal authorities, parents, and pupils work collaboratively together. The program
is relatively new bul there is sufficient informatdon to scale it o other schoals and
districts. By 2009, the Ministry of Education expects to include more than 20
percent of the country®s schoals in the program.

The collaborative work hetween scientists and educators has some international
milestones, including the Transition to Sustainabdlity Conference, Canference of
the World's Scientific Academiss, May 2000, Tokyo and the International
Working Coenference on Research Related 1o Science Education, September
1001, Mexico. There are alse some national events to promote international
cogperation such as the seminar on the Generaton of Experimental Materials and
Learning Linits for Science Education, January 2002, Santiago,

The pilat project is implemented in the distriet of Cerro Navia, Santiago that has
130,000 inkabitants, where 25 percent of them are poor. The project is small but
involves the whole community. One of its main characteristics is a systemic
approach and five components, namely the curriculum, professianal
development, assessment, administrative and community support, and material
support are addreszed and developed simultanecusly,

Different diagnoesis tests are sed to assess the impact of the “new science
lessons™ on children's learning in science and also language and mathematics.
Research in the United States and Mexica, show that the use of inguiry-based
methodology in the classroom ceeates important progress In language and
mathematics,
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