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I ntroduction

In spite of the extraordinary advances of scienu@ &#chnology in the last decades and the
increase of their influence, science continues doabsite of privileged knowledge. There is
consensus at different levels that the achievenoénd more equitable access to scientific
knowledge, requires improving the quality of scierducation in schools. Envisioning that this
challenge cannot be confronted by the school sysieme, the World Science Academies have
called for “a stronger involvement of scientists work as active partners with their local
educational systems to ensure effective scienceatidn” (InterAcademy Panel of World
Science Academies, 2000). This new deal betweilemee and schools has a great potential to
induce the changes that are required to improvejtiadity and equity of education. In Chile, the
Chilean Academy of Sciences has encouraged thblisetaent of an “Inquiry-Based Science
Education Program (ECBI, Spanish acronym)” a jomtiative of the Chilean Academy of

Sciences, the Ministry of Education and the Facoftyledicine of the University of Chile.

The program is inspired by the belief that high lfquascience education is important for all

children. Effective science education is expectedonly to expand children’s understanding of
the natural and material world, but also to stirteutéeir curiosity, introduce them to the practice
of scientific inquiry and prepare them for lifelotearning. It is anticipated also that effective
science education will contribute to the full exgsi®n of children’s creative potential, improving

their quality of life and that of their community.

The implementation strategy of the program, whgthe subject of this paper, is systemic and it
follows the model developed by the National ScisnResources Center (National Academies

and Smithsonian Institution). It includes five @ifént components: curriculum, professional



development, material resources, community suppori assessment. Cooperation and
leadership is considered essential to ensure neb$astainable change and thus, a major effort is
devoted to the strengthening of interactions insidd outside the school system by working

together with a common goal in view.

The program, which initially was aimed exclusivalydeveloping a model for improving science
education in Chilean elementary schools, is novdpemg changes that exceed its original goals
and which are encouraging new forms of relationdbgtween the different individuals and
organizations that constitute the system. We sstghat this is due to the fact that the attitudes
that are inherent to inquiry, and which are theeefostered and strengthened by the practice of
the approach, lead to productive and fruitful iat#ions that are guided by cooperation,

creativity, self-evaluation, critical reflectiondua strong ethical behavior.

During the last decade the concerns for equity gunality that oriented the Chilean Education
Reform resulted in important structural changes.oAgthe most relevant are a national
curriculum framework that sets the Minimum Consemind Key Objectives for learning;
syllabuses for all subjects matters in all levblsjding of new schools and classrooms in view of
the extension-of-the-school-day from half- to fdédly (232 more hours/year in primary schools);
increased connectivity through the introductioranfextended ICT system; a massive program to
familiarize teachers with the new curriculum; mahan doubling of teachers salaries in real
terms since 1990; a reform of teacher educatioh7iruniversities; exposure to best teaching
practices worldwide through a program of studys#ouand the improvement of national
assessment system (SIMCE) (Cox, 2003). Althoughntiagnitude and scope of the investment
has been significant, results have been modest adenerally accepted that reform has not yet

fully reached the schools and their classrooms.



In a recent OECD (2004, p.290) report this washaited in part to the weak coupling between

policymaking and school practice:

Well-intentioned Ministry reforms are weakly coeglto actual school practice, because
there is no supervisory/instructional assistancectire to ensure that the reforms are
being implemented as anticipated in the reform pwgne. Further, teacher education is
very important in influencing the nature of schquhctice, but Ministry reforms are
weakly coupled to teacher education, so univerpigparation of teachers does not
necessarily conform to the improved capacity remuiby Ministry reforms. Finally,
school practice is important in influencing studeatcomes, so the weak implementation
of Ministry reforms resulting in little improvememh school practice results in little
improvement of student outcomes

However, as recently pointed out at a meeting inti&go of the OECD Global Forum by the

Head of the Curriculum and Evaluation Unit at thmistry of Education

Comparatively good assessment systems can be sgliakby, far more quickly, cheaply
and with higher visibility than the effective suppeystems for teachers that are required
for them to reach the new performance levels tlities demand. | would argue that
there is a built-in bias in ministries of educationfavor of accountability and pressure,
which -intended or not— result in an imbalance gfaiteachers’ capacity building
policies, which are more expensive and difficuls&t up and less visible for the public in

the short run” (Cox, 2005).
In this article we will describe how and why the E®rogram, which was initially conceived by

the scientific community as a contribution to tresided renewal of the teaching and learning of
science, has become a model for strengthening &ak Wwonds between policy making, teacher

capacity building, school practice and student antes.



Development of the ECBI program in Chile

Systematic work to develop the program began irR2@tder the leadership of Jorge Allende, a
distinguished Chilean biochemist. International gup from the National Sciences Resources
Center (NSRC), the French Academy of Sciences hadrundacion México-Estados Unidos
para la Ciencia (FUMEC), was crucial in the procisd led to the engagement of the Chilean

Ministry of Education as a partner of the Chileateemy of Sciences in this mission.

In 2003, a pilot project, involving 1000 childremas implemented in 6 elementary schools of the
district of Cerro Navia in Santiago (grades 6 and 7The following year, the project was
extended to 24 schools and two neighboring districto Prado and Pudahuel), reaching
approximately 5000 children (grades 1-4 and 6-8hes&€ municipalities are located
approximately 10 Km northwest from the city cent€he children that attend these schools
belong to families having monthly incomes betwe&b + 220 US dollars and exhibit a high
index of social vulnerability that affects theirajiy of life and learning opportunities. Parents

have, on average, 8.5 years of schooling.

During the first two years, the program was co-spoed by the Ministry of Education and the
Fundacion Andes, a private foundation that proma@s initiatives in education in Chile. In

2005, results of the pilot project induced the Miry of Education to allocate, a specifically
targeted budget to implement inquir-based scienceaion in the schools. The ECBI Program
thus became a national program, which is coordihbatethe Ministry of Education, alongside a
pre-existing initiative to improve literacy and neracy skills. Forty new schools, from regions
outside of Santiago, were incorporated and the regee increased to approximately 20.000

children. The growth of the program, and its ridkect dependence from the ministry, required



a change in the organization. The present streicifithe program rests on agreements that are
reached between the Ministry of Education and @hileniversities. The participant university is
required to adhere to the systemic model of ref(se® below), use materials and professional
development strategies that have been certifietthdyprogram and develop a cooperation scheme
that includes the schools, the districts and thentific community. In addition, the university
must ensure the interactive collaboration in thgjgmt of academics from both their Education

and Science departments.

Three agreements were reached in 2005 with thestsifies of Chile, of Concepcion and of
Playa Ancha to set up the ECBI Program in threkeiht geographical regions of the country.
The leaders of the regional programs meet reguédrige Ministry of Education to coordinate
actions, evaluate progress and plan ahead. THeabhhcademy of Sciences continues to be an
active participant of the international componenhe project. In 2006, the ECBI Program is
being extended to three more geographical regieitis,a total coverage of 30.000 children . It

is also involving three new universities: the Umsigy of La Serena, La Frontera and Talca. This
means that half of the regions in the country héll’e schools engaged in the program under the

leadership and alliance of six universities.

A systemic approach: The five components of the ECBI program

The implementation strategy of the program is sy&teand follows the model developed by the
National Sciences Resources Center (National AcgdEn$ciences - Smithsonian Institution).
It includes five different components: curriculuprpfessional development, material resources,

community support and evaluation.



The driving force of the program is the constructiof nearness, complementation and
partnership between the scientific community aresthool system. This new form of relation is
expected to influence the interactions within tihbo®l itself. It is predicted that the strategies
that are required to transform the traditional #ag and learning approach -based on conceptual
content and information- into one that also emptessithe development of competences and
abilities, will impact the whole system promotirgatership, autonomy and the cooperative work

of its members.
1. Curriculum: Theinquiry-based methodology

The inquiry-based teaching approach is supportekinomwledge about the learning process that
has emerged from research (Bransford, Brown, & @mgk2000). As clearly expressed in the

guide for teaching and learning through inquirytedliiby the National Academies:

From birth children employ trial-and-error techreéguto learn about the world around
them. As children and as adults, when faced withuaknown situation, we try to
determine what is happening and predict what vapgen next. We reflect on the world
around us by observing, gathering assembling, gnthasizing information. We develop
and use tools to measure and observe as wellasatgze information and create models.
We check and re-check what we think will happen aothpare results to what we
already know. We change our ideas based on whaeave (Olson, & Loucks-Horsley,
2000, p. 5).

This is a similar process to the one used by setsnio study the natural and material world in
search for new knowledge. In inquiry-based scieadecation, children become engaged in
many of the activities and thinking processes swéntists use to produce new knowledge.
These involve asking questions, gathering inforamtproposing explanations, subjecting them
to test, obtaining results, analyzing the resutteimed, proposing explanations, communicating
their findings to others and considering the newl@wce that emerges from this interaction. This

process is guided by their own curiosity and pastiocunderstand.



Evidence shows that this methodology does not tadyitate the learning of scientific contents,
but it also offers students the possibility to depescientific thinking. The learning of major
concepts is very naturally built on to previous Wiexlge and students are able to formulate new
knowledge by modifying and redefining their consephd adding to them. The methodology
favors the recognition of inconsistencies betwemvipus beliefs and new observations, and in
this way facilitates learning. Since in this tygeneethodology the children are given the chance
to articulate their own ideas, compare them andraehthem with the ideas of others, they are
able to improve their capacity to recognize whasythave understood and when they need more

information, that is, they develop the ability t@nitor their own learning (Harlen, 2000).

Learning is guided by the standards-based progssinand developed using research strategies
by the NSRC and registered as Science and TechnéwogChildren (STC). There are eight
units for grades 1-8: Comparing and MeasuringntP@rowth and Development, Changes,
Motion and Design, Properties of Matter I, Food @fstry and Properties of Matter 1. Each unit
is developed during one semester. Science lessenstraictured following the learning cycle:
focalize, explore, experiment, think and apply. alrtypical lesson, the children think over a
problem, raise questions and share their views,en@bservations, record their results and
analyze the relation between their predictions #redresults observed. At all times they are
encouraged to communicate their thoughts and expees as well as to listen to and learn from
others. Special emphasis is placed on the useedddience notebook. Since 2005 a process to

develop eight new units that are aligned with tide2n curriculum has been taking place.



In the following paragraphs we present evidencetijmodtained from the children notebooks. In
these notebooks children are encouraged to writemly their experiences and observations, but
also their thoughts. After each lesson they avéead to answer in writing the question “What
did | learn?” On other occasions, they have besked to express their thoughts about the

program through ad-hoc questionnaires. The quotefom different students.

Today | learned to compare the density of differenbstances by answering some
guestions and whenever | answered, | learned. Weecampared different objects such as
wax and aluminum blocks, and blocks made of tramspgolastic and white plastic. If |
go on learning | will become the best of all sastst | also learned that someone
intelligent could go really wrongsrade 6 student, Cerro Navia, 2003

In these few lines, the student described not erigt learned, but also how he learned it and
even the consequences that learning might haveisonifé. In the last sentence he shows

understanding about the nature of this type ohliearexperience.

| learned a lot. | never thought that this schoolid give us the opportunity to learn and
also give us free materials. The teachers knowt arld they teach us what they know.
They also learn with us because we make commeashrconclusions and give opinions.
| learned about volume, density, mass &cade 6 student, Cerro Navia, 2003

This student is fully aware of the process thatnderway, he recognizes the difference with the
former situation, but is nevertheless respectful grateful to the teacher, who has continued to
teach him. His comment shows that he understaratsngw opportunities arise because a new

methodology is being employed and that the teaisheceiving support.

My life changed, as did that of my classmates agdeachers. | learned that things are
not always as | would like them to be and | learteedhare with my classmates and with
the classGrade 6 student, Cerro Navia, 2003

The student recognizes a major effect of the nethau®logy implemented by the program, not
only on their own life as learners, but also onirtibeacher. He acknowledges and values the

new experience and the effect it has on his relatto others.



We believe that in this short time with the ECBbject we have learned a lot about
science and we agree with the timetable. Howevethiv& that we should have more
time to do experiments. We would like to use aedéht uniform with white coats like
those of scientists and we would agree to raiseemtm pay for the cosGrade 7 student,
Lo Prado, 2004

The student acknowledges that he has learned t@ssas the importance of experimental work.
It is evident that they want to have a full expece of science, including its symbols, represented

here by the white lab coats.

In July 2005, after the completion of the inquigsked science, the children in grades 2- 8 were
given a questionnaire. Most of the children indgi1-6 had worked with the methodology for
one semester, and those in grades 7-8 for two sermed he questionnaire which was answered
by 360 children contained four questions: 1) Whdtybu like best of the science lessons?, 2)
What did you not like?, 3) What was the most im@otriearning you had? and 4) Do you believe

that all Chilean children should have this kindoifence lessons?

For reasons of space, only sample answers to sihéwa questions will be reproduced here. A

different child gave each answer.
Which was your most important learning?

Grade 2 (Weather)
“To classify the clouds and learn the names ofctbads”

“With the experiments one cannot play”

Grade 3 (Plant Growth and Development)

“How the bee pollinates and that from a floweratfrs born”
“The plants should be treated with love”

Grade 4 (Changes)
“All type of solid, liquid and gas can be mixedtlsometimes they cannot be separated”
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“To have our own ideas and work in a group”

Grade 5 (Motion and Design)

“What are distance, trajectory, force, friction ahd standard vehicle”
“I learned to share”

Grade 6 (Properties of Matter 1)
“To determine density, the volume and mass”

“To work and respect my classmates in the group”

Grade 7 (Food Chemistry)
“That all foods are useful for people to grow”

“How to eat with balance, to think and to reflect”

Grade 8 (Properties of Matte) Il
“That science is important for humanity”

“To tolerate, to organize ourselves without a tescdnd to communicate what we have
learned”

Do you believe that all Chilean children should édkis kind of science lessons?

“Yes, because one must know what it is to invegtiga science, if you did not know how
to investigate in science, you would not know sce&giGrade 2.

“Yes, so that when the children become parenty, éne able to help their children with
their science lesson§rade 3.

“Yes, so that when they grow older they can berg@ts”Grade 4
“Yes, because if | have science lessons it woutdedair that others didn’tGrade 5.

“Yes, because what | learned is beautiful and othédren should also know it5rade 6.
“Yes, because in my country there is much povemnty much ignoranceGrade 7.

“Yes, because everyone has the right to be impoirtathis country’Grade 8.

The following general conclusions can be drawn ftbeanalysis of all questionnaires:

a) The answers given by the children are remarksibijlar irrespective of their age,
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b) Children at all stages of development appredize learning goes beyond scientific concepts

and includes processes and attitudes,
c¢) Children value mostly what they learn and sebptidt learning this way is fun, and

d) Similar results are observed in different classbowing that the program is succeeding in the
transfer of the methodology to the teachers. Onwly dut of 360 children thought the program

should not be applied to all Chilean children.

Teachers also show understanding and value forfthim of teaching. They recognize that
learning has improved and that its scope goes luk\gmientific content knowledge. The
following comment was written by a grade 7 teadwey months after starting the program in

2003.

“| see changes in the children: more affectionrementhusiasm, more expectations. They
work with more freedom and if they move aroundrib@m, it is to share their learning or
opinions. In addition, the improvement in languadpdity is remarkable and a stronger
commitment is observed in children with learningl d®havioral difficulties."Grade 7
teacherCerro Navia, 2003

One of the most common observations is the surphiaeteachers express regarding children
who had previously been considered unable to leenth were not actively participating in
classrooms activities. The ECBI form of teachimgl éearning is inclusive as it offers a variety
of different opportunities for engagement and ineahent. Therefore, it is almost the norm that
children who had been excluded from classroom iéiesy find that the program allows them to
re-engage in the learning experience. This hagxpected, a significant impact on self-esteem

and general academic improvement.

“My life changed, | am not the same person. Laghnthough | worked until very late, |
knew that what | am doing has remarkable effectchutdren learning. My colleagues
also stay up until late, but only to mark exams @fzow that their children have not
learned. | am very fortunateGrade 8 teacher , Pudahuel, 2005
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Teachers notice the increase in the effectivenésiseor work and develop strong commitment,

which is driven by the conviction that children atde to learn more.

“l used to teach "force and movement” theoreticalhd | was worried that now | would
have to teach it using inquiry methodology. Bug thsults were excellent. The difference
is that the children now have internalized the epts, the children learn and | learn with
them”, Grade 5 teacher, Cerro Navia, 2005

Teachers are aware of the difficulties and chabengf the new methodology, but at the same
time, are capable of finding ways to overcome trablems they face. Essentially, they realize
that inquiry offers them and the children an oppoity to become lifelong learners. By

immersing themselves into inquiry, they fully stirigrasp the concept of a learning community.

“I have enjoyed each and everyone of my lessons alitmy classes. | always come out
thinking: How can | tackle better this or that ®dif How can | optimize time in order to
cultivate as best as possible my students’ poté@mgthat are so lacking in stimulation
most of the time? As | watch them enjoy thesediessand see their enthusiastic faces,
their astonishment, doubts, happiness, anger| &el more committed ... | cannot avoid
recognizing that | feel tired, but at the same tiniawve the satisfaction of having given
the best of myselfGrade 7 teacher, Lo Prado, 2005

2. - Professional Development

The application of the inquiry-based methodologyplies a series of innovations and
transformations, both from the point of view of ttentent to be taught and also in relation to the
ways in which the teacher interacts with students the rest of the team to assure a successful
practice. However, professional development aatwiin the ECBI program do not have as its
only goal to increase teachers’ understanding anse or to improve their pedagogical and
social skills, they also aim at building capacities sustain the systemic model for science
education and therefore they must also reach theos@and district administrators, the scientists
and other members of the community. This requiresddition to designing, organizing and

implementing formative activities that can challerand benefit all members of the team, the
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development also of an atmosphere of confidenast aind mutual interest that will contribute

towards the building of a learning community whaan be self-sustained and disseminated.

As Michael Fullan (National Staff Development Coilint999) has said: “School improvement
happens when a school develops a professionaimgacommunity that focuses on student work
and changes teaching. In order to do that, you restain kinds of skills, capacities and

relationships. Those are what professional deveérpman contribute to...”
The model is thus defined as having the followihgracteristics (Loucks-Horsley et al., 1989)

» It focuses on what the students are to learn

* It models what is expected to occur in the clagsroo

* Itis continuous and it is embedded in the dailykwaf teachers

* It recognizes the different needs of teachers diiflierent experiences
* It supports systemic change

* |tinvolves all members of the team

The main formal structures that form part of thefpssional development activities are the

following:
1) Workshops for teachers and principals enteringgragram.

Teachers attend the workshops together with théircipal and the pedagogic héadDistrict

administrators are also invited to join the schte@ms. The participation of the school and
district senior administrators at this stage hasnbghown to be is essential for the successful
implementation of the program. These workshop®l@asturation of 40 hrs and through them: a)

principals and teachers develop a shared visiotednhers learn about inquiry through inquiry,

! Most Chilean schools have an administrative hegitiocipal and a pedagogic leader who is concewigu
teaching and learning activities and professioeaktbpment in the school.
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c) teachers learn science content by becomingwedoin the same activities as the children and
d) teachers and principals prepare a plan for tlmagement of the program. During the

workshop, teachers have contact with a significambber of experts.
2) Workshops for teachers that have been in the progvae or two years.

In these workshops principals and teachers evateatéts, teachers improve their understanding
of science content, teachers and principals froffieréint schools share best practices and learn
science content. In this case there is a clogeraation with a more significant number of
scientists.  Monitors (see below) and scientistanphnd teach together, mimicking the

relationship that is established between teachen@amitor in the school classroom.

3) In-the-classroom professional development for ahchers with assistance from a

monitor.

Monitors provide the most important part of thismttouous professional development,. They are
specially trained teachers and science graduates,have as their main function to support the
teachers in the development of effective learnirgeeences. This implies working with the
teachers before and after each science lessonelasasvassisting them in their work with the
children. For the first three years of implemeintatteachers are accompanied in their classroom
by a monitor for 3 hours per week and an additi®@@aminutes during their planning. The work

of the monitor is highly valued by the teacher (selow).

At present, the ECBI program has 44 monitors thatkwhalf time. The group of monitors is
diverse in age, professional background and expegie It includes elementary and secondary
schoolteachers, with or without post-graduate swdibiologists, one sociologist and one

engineer. Some of the teachers have worked fgeds and others are just finishing their initial
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training, some have worked in private elite schaold others in deprived schools. We believe
that this diversity contributes to a richer leaghienvironment. However, these monitors share
certain essential common features such as a giteaest in increasing their knowledge and skills
regarding inquiry-based methodology, ability tddis support, teach and empathize. Monitors
contribute to the teacher’'s professional develognessentially by modeling. This approach

ensures an efficient transfer of the methodology iauistimulates the development of a learning

community. There is a continuous program for thetng of the monitors.

“In each school, before the lesson begins we h&venutes to plan with the teacher.

During this time we also evaluate the result of ghevious lesson, we review the content,
the objectives and we prepare the materials tleahacessary for experimentation (...) In
my view, what is most important at this momentasvisualize the questions and doubts
that children may have, and in this way prepareselues to address them. If we do it

well, we will be able to help the children elalteraew questions, so that they can move
forward in building their own knowledge.

(...) In the classroom, the teacher, the childmesh the monitor are one team and each one
has a task to perform. Mine is to support and bollate with the teacher as she works

with the children and to make sure that the diffiestages and dimensions of the inquiry

method are present and carried out as plannedVigAitor who is a sociologist, 200).

4) Professional development program for monitors.

There is a continuous professional developmentrpmogfor monitors that includes an initial

workshop of 24 hours, and an in-service prograraugin weekly 3 hour meetings dealing with
organizational issues, planning and evaluation el &s training for each teaching unit. The
monitors work in close association with each ot also in direct contact with the pedagogical

leadership of the project.

5) Strategic planning workshops for the leadershipniearesponsible for starting new

programs
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One of the objectives of the program is progres$gite expand its coverage, reaching more
children, teachers and schools in different regionShile and also other countries. This requires
a thoughtful plan to prepare the teams to accesside-makers, detect and attract potential
leaders and provide assistance and training atsthe of the new programs. The program
collaborates in the development of these capacitiesugh strategic planning workshops
following the model developed by the NSRC. Two tsig&c planning workshops have been
carried out (2004, 2005) with the participationl® teams of academics (scientists, educators),
administrators (municipalities, schools), teachemsd educational experts (ministries,
foundations). Half of these teams have been froom@s different from Chile - Argentina,
Bolivia, Brazil, Colombia, Panama, Peru and Ven&zud&he overall goals are to: a) develop a
shared vision for inquiry-centered science learrsngd teaching, b) explore ways to translate this
vision into a reality, c) visualize the differeniménsions involved in the implementation of an
inquiry-based science learning and teaching prognprovide networking experiences to the
participants, d) envision potential actions dirddi international cooperation. Participants leave
the workshop with a first draft of a 3-5 year stat plan. The ECBI Chilean team participated
in July 2002 in this type of activity organized\iiashington by the NSRC and recognizes that

the experience was crucial for the successful dgweént of the program.
3. Materials.

To ensure that the inquiry-based science curriculeathes the classroom teachers need to be
provided with all the materials they need. It isportant to change the concept that it is the
teacher’ responsibility to develop materials anliect the needed resources for teaching, even in
the absence of economic restrictions, for this prased to be unrealistic and inefficient. The

materials used in the ECBI program have been aedj@nd assembled in Chile from prototypes
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donated by the National Sciences Resources Ca8RC). In this way, a cost-effective system
to provide appropriate materials to all classrodras been developed. Small materials’ centers
have been implemented in each school and theradsrway and will be piloted in 2006 a
project to organize a first material resource aetdeserve three districts. Experience has shown
that science will be taught more effectively ifesate materials are managed outside the school
and made available to teachers when they need tfidms, the most effective way to deal with
this problem is to establish a science materialpstpcenter (National Sciences Resources

Center, 1997).
4. Administrative support and involvement of the community.

The program has made an effort to involve seveminbers of the social community that are
relevant to the program. Aside from the scientibtectly involved in developing the program,
other scientists from different universities, duities and countries have participated and met
with the children and with the teachers. Teacloérsther subjects and school authorities have
participated in workshops dealing with the methodglemployed and contacts with the business

community were initiated in 2005.

Parents have also played and important role irs@sgiteachers in the classrooms and in the
handling of the materials. According to reportsrirechool principals and teachers, the program
has increased parental commitment to school aetvit Parents and other members of the
community have been specially exposed to the pssgrvétheir children through the organization
of “Public Lectures” in which the children repom avhat they have learned. Public lectures are
held after the completion of each study unit aneytlare the main instrument to make the

program known to the community (families, politieadd academic worlds) and are also a crucial
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instance for assessment. It is often at the pubkliture when the teachers come to see and

appreciate the changes that the children have thooegh.
5. Evaluation

Evaluation considers the school as a system apeaént includes the following actions or
instruments: a) assessing children’s learningotense content and scientific thinking by means
of a written test applied before and after a modojessessment of children notebooks, c) direct
follow-up by the monitors on teacher performandedecen learning, classroom and school
environment; d) assessment of the impact of thgrparo in the school through written
questionnaires and interviews directed to prinaptgdachers and children. Data is also available
from national and international assessments (SIMGETIMSS). Efforts are being made to
implement a long-term evaluation process that rggogent with the objectives of the ECBI
program. An external evaluation of the programni el carried out in 2006, which will have an
international component linked to an initiativetioé Inter-Academy Panel to develop and

international assessment protocol for inquiry basseince education (see below).
6. Transfer and international cooperation

As was stated above, one of the objectives of tbgrpm is progressively to expand its coverage,
reaching more children, teachers and schools frdferent regions in Chile and also other
countries. A plan to transfer the experience thhothe organization of strategic planning
workshops is underway and is proving very succéssithrough these activities the Chilean
ECBI Program has stimulated the establishmentrofiai programs in Venezuela, Peru, Bolivia
and Panama. It has also strengthened its bondissmitilar programs, which are underway in

Colombia, Brazil and México. As happens within theessrooms these interactions are guided by
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the principle of cooperation with respect and ditento the development of new ideas. This
approach has also been used to expand the progrdna public system. In addition, the program
is having an influence on science education in rngate schools that have adopted the
methodology (Fundacion Belen (7), Saint George#eGe, Experimental School Liceo Manuel
de Salas) and a cooperation agreement has bedriststd with the Alliance Francaise school

(La main a la pate) to share experiences and bastiges.

The Chilean ECBI Program has greatly benefited frot@rnational cooperation. From the start,
it received the support of people and instituti@asrying similar projects in Latin America
(México, Brazil, Colombia) and other parts of therld. This help has come in many different
forms that include training of the leadership tedhg right to use high quality materials; the
sharing of translated material, collaboration matgtgic planning workshops and the participation
and organization of international conferences. c&ig004 the Chilean Academy of Sciences is
coordinating the Science Education Program of theerl Academy Panel (IAP) and the
Interamerican Network of Academies of Sciences. pAgsent the IAP is coordinating the
implementation of an international protocol for tesessment of inquiry based science education

programs.

Conclusions

After the first three years of implementation, walue especially the systemic character of the
program. It is noteworthy that, at each level lo¢ tschool community involved, important
qualitative changes have been observed. Resultg gfat changes have occurred in each of the

five components.
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Among the most important achievements the followtag be emphasized: positive changes in
classroom atmosphere with better collaborativetioela and stronger team work; progress in the
learning autonomy on the part of students; incraasenotivation to learn more and better
participation of children considered to have leagndifficulties. Teachers report that class
attendance has increased and is higher those dasfs science lessons are scheduled compared
to the other days of the week. They also repott ttie children that attend these lessons exhibit
greater responsability, enthusiasm for learning eoshmitment with respect to children that

attend traditional lessons.

The ECBI program stimulates children’s ability topeess their thoughts orally or in writing.
Consistently, there is evidence that those childném are engaged in the program, write more in
their notebooks and have increased their vocahulditye importance of communicating ideas
and experience, subjecting them to test and tocthwsideration of others and to getting
information from different sources is constantljtivated and encouraged. This occurs through
group discussions and oral presentations and reatshmaximal expression in the public lessons
delivered at the end of each unit. This is whewents, with the assistance of their teachers and
monitors get organized to share their learning \wahents, visiting scientists and other members

of the community.

Among the teachers, we notice a progressive adaptet the new methodology and an increase
in knowledge of science content and teaching methetich contributes to a better self-

evaluation, generates autonomy and a better dispo$d innovate in their pedagogic practice.

In the schools, it is evident that the collabonatietween authorities and teaching staff is

improving. The role of the monitors in the projbets been essential for this to happen.
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Throughout the shaping of the project the monitdrave given their support during the

realization of the activities in the classroomg] &dave greatly contributed to the follow-up.

The results of the project are best seen and ceaviéyough the opinions of the principals and

the academic directors of the school (2005):

About the children:

* “The children are eager to give their opinions anel not afraid to make mistakes, they
guestion more and they express a need to verifydleta Parra Elementary School.

« “A remarkable increase in class attendance andawgonent in behavior and personal
presentation is observedEl Salitre Elementary School.

* “There is a positive attitude towards the scieressbns, enthusiasm, participation and
team work”.El Salitre Elementary School.

e “The children are revolutionized with the new nmetis that they work with”.Complejo
Educacional Pedro Prado School.

* “Science has attracted the interest of the studdiatshad been previously considered as
having learning difficulties”"Complejo Educacional Pedro Prado School.

» “Students have improved their oral expression, #eywith greater autonomy, they have
learned to work cooperatively, their argumentai®nolearer, more precise and reflexive,
and what is more relevant: these characteristiee baen observed by other teachers that
work in other subject matter®epublica de Italia Elementary School

About the teachers:

* “Teachers have changed their views about sciengeatidn and they enjoy verifying that
the children are able to express what they havedela’

* “There is discussion about the development of tfegept in the classroom, what works
and what doesn’t. Teachers are constantly evatuttair practice. Since all teachers are
involved there is a greater commitment to help ezbler’. Complejo Educacional Pedro
Prado School.

* “The methodology changes the relation between stsdend teachers, generating
solidarity which is evident in their effort to rdaconsensus” Millahue Elementary
Schoaol.

About the monitors:

* “The role of the monitors has been crucial for go®d implementation of the program,
for thousands of reasons: The most important @megbthe constant support offered to
the teachers. They are an objective referentrtbatishes the project from within. They
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have helped to ground the methodology in the adassrpractice”.Republica de Italia
Elementary School.

* The monitors are highly committed and they arercdsato the role that they must play in
the school, both in the professional developmenthefteachers and in reassuring the
learning of the children. They are creative andsatle. They are aware that mutual
support that must be developed with the teaciMasiuel Guerrero Ceballos Elementary
School.

About the parents and the community

* “Parents are more aware of what happens in therdas and more committed; some are
cooperating with the activities. They are also mimnolved in the schoolTomplejo
Educacional Pedro Prado School.

* “Parents and teachers are proud to participatdy betause of the contacts established
with academics, scientists and professionals, dswl l@ecause of the good achievement
results, the development in our students of seffeas and self-appreciation in the
academic domain, as well as the good performancthefteachers.’Poeta Vicente
Huidobro Elementary School.

About the infrastructure and the materials:

* The experimental material is excellent, withouthi¢é children would no be able to live
through the scientific processes that ultimatelplax their own existenceMonsefior
Carlos Oviedo Elementary School.

* “There is a better and more efficient use of sopares in the school with objectives that
are centered on the project (science room, gardeN®nuel Guerrero Ceballos
Elementary School.

But it is the children themselves that always n&oguently express the importance of the
program:

“ Before everything was theoretical and it didn”t\done.
Now we see it with our own eyes”
6th Grade student, Cerro Navia. Santiago de Chile
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